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ADAPTATION TO SENSORY-MOTOR CONFLICT 

PRODUCED BY THE VISUAL 

THE HAND SPECIFIED FROM THE 
CYCLOPEAN EYE' 


HIROSHI ONO? AND ROBERT G. ANGUS 


York University, Downsview, Ontario, Canada 


The experiment from which Helmholtz argued against Hering’s 

of cyclopean projection was repeated with slight modification. 
. pothesis tested was that the role of the cyclopean eye can be demonstrated 
motor adaptation. In two experiments, S aligned his 


by measuring sensory- 


finger to one of his eyes and a fixation stimulus on the median 


DIRECTION OF 


principle 
The hy- 


plane. In 


Experiment I, the results of 24 naive Ss showed a change of felt position 


toward the median plane. 


In Experiment II, the results of 12 different naive 


Ss showed a shift of apparent visual straight ahead toward the location of 


the finger and a change 
Helmholtz's argument is unjustified. 


Although Helmholtz praised Hering's 
(1942) projective geometry dealing with vi- 
sual direction as being “elegant and compre- 
hensive" (cf. Hurvich, 1969), he questioned 
the general applicability of Hering's principle 
of cyclopean projection to account for how 
the visual system locates objects in space. 
The principle of cyclopean projection states 
that all visual directions have a common re- 
ference point, or a single projection center. 
This point, the cyclopean eye, is analogous 
to an origin of polar coordinates in plane 
geometry, ie. a direction is specified from 
this point, and is generally assumed to be 
Mec rmn iden RS 
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The results indicated that 


located at the center of the interocular axis: . 
Helmholtz (1925) states that although the 
principle may be a correct description under 
some circumstances, he "should not like to 
make it the original basis of the explanation 
of visual phenomena, as that author has 
done [p. 259].". In support of his argument, 
Helmholtz reports an experiment in which 
an observer is told to, 


Hold a sheet of paper before the lower part of the 
face so as to hide the hands arid arms, and look at 
a distant object with one eye. Then insert the 
forefinger of the right hand up under this screen 
until it comes high enough to point at the ob- 
served object [p. 259]. 


The observer is also told to look at a neat - 
object, “for instance, at a tiny dot on the 
edge of the paper screen . . . ,” and to try: 
*to bring the finger up farther away so that 
it seems to be just out beyond this dot Ip. 
Helmholtz found was an initial - 


«s 


pointing error toward the direction of the 
- median plane “in accordance with the rule 
given by Hering," ie, “the directions of 
- sight are referred to the root of the nose [p. 
259]." However, Helmoltz went on to state 
that 
= Thé experiment here described is also very apt to 
- fail, For instance, if I concentrate my attention on 
the circumstance that I am only using my right 
eye, and let myself think deliberately about the 
place of that eye in my head and then interpose my 
- finger so as to hide the focused object, it comes up 
— "actually in the right direction [p. 259]. 


Helmholtz’s basic observation is simple to 
- replicate, In a preliminary experiment, we 
first asked S to concentrate on the fact that 
his viewing eye was located on the right (or 
left) side of his head. Then he was asked to 
. align a finger with a target and the viewing 
` eye. Under this condition, Helmholtz’s re- 
_ sult was easily obtained. However, the fact 
that S can align a finger with an object and 
an eye does not necessarily support Helm- 
holtz's argument against the principle of cy- 
` clopean projection. The result simply indi- 
cates that S has an ability to correctly localize 
.& target visually, and also that he has an 
- ability to localize the socket of either eye, 
- This is not to suggest that he is consciously 
Aware of which eye's input he is using (cf. 
Smith, 1945; Templeton & Green, 1968), but 
rather that this particular situation provides 
‘information, viz., the instructions, about 
which eye is being used. 
_ The aim of the experiments reported here 
was to counter Helmholtz's argument against 
the principle of cyclopean projection. To 
demonstrate the influence of the cyclopean 
. eye Helmholtz’s experiment was Tepeated, 
with slight modifications. According to 
 Hering's principles of visual direction, if a 
j nonfixated object (the finger in Helmholtz's 
. experiment) is aligned to one eye and a 
fixated object, then the nonfixated object 
Should appear to be aligned with the cyclo- 
pean eye and the fixated Object. In other 
- words, the apparent visual location of the 
a monfixated object should be discrepant from 
- dts actual location. The fact that tlie actual 
- position of the nonfixated object is the actual 
location of the finger in Helmholtz’s experi- 
“ment should produce a Sensory—motor con- 
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flict, i.e., a conflict between whe: e finger | 
appears to be (apparent visual ! n) and 
where it feels to be (felt positi Because | 


the location of the cyclopean : thought 
to be directly responsible for : ensory- 4 
motor conflict, the conceptual n of the | 
cyclopean eye would find su; if one 
could demonstrate experimenta i conse- 
quence of this conflict. The hypo sis tested 


in this study was that the effec: e cyclo- 


pean eye can be demonstrate an ex- 
perimental situation similar that of 
Helmholtz's by measuring s: y-motor 
adaptation. Confirmation of th. ypothesis 
would strengthen the argument at Helm- 
holtz’s finding does not vitiate principle 
of cyclopean projection. 
EXPERIMENT I 

Figure 1 illustrates how a fi: aligned to 
a fixation stimulus and the ri; ye should 
appear when $ places his fing : front of 
or behind the fixation stimulu- According 
to Hering's principle of identica “isva! direc- 
tions, the fixation stimulus ai finger. 
should appear to be in alig It S 
correctly localizes the fixatio as and 
refers its visual direction to lopean 
eye, the finger should appear on > median 
plane or straight ahead. Hence, i. his ex- 


perimental situation there is confli. ing vi- 
sual-motor information between tl visual 
direction and the felt position of th. finger. 
This situation is somewhat analogous to the 
situation used in the prism adaptation experi- 
ments which alter the visual direction of ob- 
jects in space by placing a wedge prism be- 
fore S's eye. There are numeross studies 
showing that adaptation occurs, and the adap- 
tive changes in these studies can be described 
as either a change in visual direction, a 
change in felt position, or both. Therefore, 
sensory-motor adaptation can be expected 
in the situation depicted in Figure 1, if S 
repeatedly places a finger in one of the 
specified locations in the same manner as 1n 
some of the prism experiments. 

A change in either component, visual direc- 
tion or felt position, would suffice to confirm 
the overall hypothesis of this study. How- 
ever, the hypothesis to be tested in Expert- 
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Ficure 1. 


Illustration of apparent location of a finger placed in front 


of or behind the fixation stimulus according to Hering's principles of visual 


direction. 


ment I was that a change in felt position will 
occur in the exposed hand, i.e., the hand 
aligned to the fixation stimulus. To measure 
the change in felt position, S was asked to 
point with the nonexposed hand at a finger 
of the exposed hand before and after aligning 
his finger to a fixation stimulus and one of 
his eyes (cf. Harris, 1965). The reason for 
measuring only the change in felt position 
stemmed from the difference between this 
experimental setting and that of a prism 
study. Since there should be no apparent 
visual displacement of the fixation stimulus in 
Experiment I, the thought was that there 
would be very little change in visual direc- 
tion. In order for a recalibration of visual 
direction to take place, the visual system 
must recalibrate the visual direction of the 
finger as well as that of the fixation stimulus. 
"Unlike the usual prism study, there was no 
uniform displacement of the visual field in 
Experiment I. Furthermore, because there 


was nothing to suggest to S that an apparent 
displacement of the fixation stimulus had 
taken place, a recalibration of visual direction 
was not expected. 


Method 


Experimental design and conditions. The basic 
experimental paradigm was that of the usual - 
adaptation study, which has a pretest, an exposure - 
or sensory-motor task, and a posttest. The basic 
idea was that by measuring a response before and 
after an exposure period, one could determine the 
effect of the sensory-motor task that was required 
during the exposure period. There were two varia- 
tions of the sensory-motor task corresponding ap- . 
proximately to the two locations of the finger 
depicted in Figure 1. One was placing the left — 
index finger in front of the far-fixation stimulus so. 
that an eye, the finger, and the stimulus were 
aligned (the far-fixation condition), The other 
was placing the left index finger behind the near- 
fixation stimulus so that an eye, the stimulus, and 
the finger were aligned (the near-fixation condi- 
tion). There were two subconditions in both con- 
ditions. In one subcondition the finger was aligned . 


. to the left eye; in the other subcondition, to the 
right eye. Each S participated in the four sub- 
conditions. The order in which Ss participated in 
‘the four was completely counterbalanced across 24 
Ss (all possible orders), In each subcondition, 
“measurements of felt position of the index finger 
of the exposed hand were taken from five positions 
E the frontoparallel plane in which the finger was 
- exposed, eg, if the finger was exposed in front 
‘of the fixation stimulus, the measurement was taken 
at the same ‘Plane. There were three such mea- 
surement periods in each subcondition: the Pretest 
* before the exposures, Posttest 1 after 15 exposures 
of the finger, and Posttest 2 after 15 more ex- 
 posures, In each test period, the order in which 

the measurements were taken at each of the five 
positions was randomly determined with the restric- 
tion that each position appear only once. 

Apparatus. The basic unit of the apparatus is 
shown in Figure 2. The apparatus consisted of 
two sets of two pieces of plywood joined by hinges, 
a replaceable piece of 35 X 60 cm, plywood board 
that could be placed on the top of these two sets, 
and a chin rest. This basic unit was designed to 

| be used for the fest periods and. the exposure 
- periods in all four subconditions. 
One set of hinged plywood pieces i 
fingerboard) served three pue mr fried 
to help keep S’s head steady and in a fixed position 
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during the experiment. The edge near 5 
to fit S's facial contour and a strip of rub! 
was pasted to the cut-out portion of the 


With the aid of a chin rest, the cutout : to 
position and steady S's head. Second, thi af 
the apparatus was also used to measure it 
position of a hand in the far-fixation condit in 
the bottom side of the fingerboard (where vo 
pieces met) were five indentations, 5 cm bio 
used to place the index finger of the expose! ad 
during the test periods in the far-fixation cos on. 
The middle indentation was on S's media ney 
Attached to the top side of the finger! as @ 
scale used to read the position of § nse. 
During the test periods, E would place index 
finger of the exposed hand in one of th: :ndenta- 
tions, and with eyes closed S was to poi: with the 
index finger of the nonexposed hand on : e top of 
the fingerboard directly above where th ager of 
the exposed hand was felt to be, The ference 
in the location of the pointing responses ! and 
after the exposure period was used as ti. udica- 
tion of a change in felt position. Third, v ^ the 
fingerboard was folded, the edge away ie ~ $ 
served to dete - the distance at which tc -lign 


the index finger of exposed hand during ‘he 
exposure periods in the far-fixation condition, 'n 
other words, S used the edge as a guide in plac: 

his finger. When S raised his finger for the sen- 
sory-motor task, he could not see it u it 
above the edge. The fixation stimulus was à s 


marker 6 m. away and was located on a wa’ at 
eye level. The reason for placing the fi» tion 
stimulus at 6 m. instead of at a closer dista“: s, as 
depicted in Figure 1, was to maximize the 2: irent 
displacement of the finger with the presen. .opa- 
ratus. Because the exposed finger wa iced 
approximately 8 cm. in front of the eye, t! ar- 
ent displacement would have been smaller a the 
closer fixation stimulus. The far edge of the ided 
pieces was approximately 8 cm. from the < neal 
plane, as were the centers of the indentations. This 
distance varies slightly across Ss because of 'ndi- 


vidual differences in eye positions with respect to 
the apparatus. 

The second set of hinged plywood pieces (the 
far fingerboard) was constructed in the same way 
as the near fingerboard except that there was no 
cutout for the facial contour. This part of the 
apparatus was used in the near-fixation c 5008 
in which the finger was placed behind the fixation 
stimulus. It was used to measure felt position in 
the test periods and served to indicate the distance 
at which to align the finger of the exposed hand 
during the exposure periods. On the bottom were 
five indentations, 5 cm. apart, the middle one being 
on S’s median plane. On the top was a scale to 
measure the location of the pointing response. The 
small nail on the replaceable board was used for 
the near-fixation stimulus when the board was 
placed on top of the two fingerboards in the folded 
positions. When S was positioned in the apparatus, 
the nail was approximately 17.5 cm. from his 


PORRO 


ADAPTATION TO DISCREPANCY IN SENSORY-MOTOR INFORMATION 5 


corneal plane. The replaceable board also pre- 
vented S from seeing his hand until the finger was 
raised above the board. The far edge of the finger- 
board in the folded position and the centers of the 
five indentations were approximately 37.5 cm. from 
the corneal plane. 

A pointed stylus worn on the index finger of.the 
»onexposed hand (right hand for all Ss) was used 

indicate the felt position of the exposed hand. 

cardboard occluder was placed in front of one 
ye so that S could see the fixation stimulus binocu- 
iarly but the finger monocularly. This procedure 
maximizes the apparent displacement (see Ono, 
Wilkinson, Muter, & Mitson, 1972). 

Procedure. Before an experimental session the 
heights of the chin rest and the chair were adjusted 
so that S could see both the far- and near-fixation 
stimuli. Following this, $ was given familiariza- 
tion trials for both the testing and the sensory- 
motor tasks. To familiarize S' with the task for 
the test period, he was told to close his eyes, and 
E then placed S's left index finger randomly in 
one of the five fingerboard indentations. The S 
was then asked to indicate the felt position of this 
finger by placing the pointer attached to his right 
index finger on the top side of the fingerboard at 
a location which he judged to be directly above his 
left index finger. Following each of the familiari- 
zation trials, S was allowed to open his eyes to 
observe the accuracy of his pointing. Twenty 
familiarization trials were run in blocks of 5, alter- 
nate blocks being rum on either the near or far 
fingerboard. The $ was also given experience with 
the sensory-motor task to be used in the exposure 
period. He was told to fixate on either the near- 
or far-fixation stimulus and to align his left index 
finger with that stimulus and either his left or 
right eye. When fixation was far, S aligned his 
finger against the far side of the near fingerboard 
(in the folded position) ; when fixation was near, 
he aligned his finger against the far side of the far 
fingerboard. If the finger was raised at a location 
that was not in alignment with the fixation stimulus, 
S was instructed to move his finger to the correct 
location. During the familiarization trials and the 
subsequent experimental trials, it was impressed 
upon S that he was to remain fixated at all times 
on the appropriate fixation stimulus and to resist 
the temptation to change his fixation to his finger 
as it was being raised or to attempt to bring it into 
clear focus. The reason for this emphasis was that 
unless the eyes remained fixated on the fixation 
stimulus, the apparent location of the finger would 
not be in the location predicted by Hering’s princi- 
ples of visual direction. He was told that he should 
see a "fuzzy" finger aligned with a clearly focused 
fixation stimulus. If during these trials he saw 
diplopic images of the fixation stimulus he was to 
report this fact to E. Such trials were repeated. 
Following the familiarization trials the experiment 


began. 


The same experimental procedure was followed 
for each of the four subconditions, Each session 
consisted of the following six events: À 


1. Training or retraining. The S's task was” : 
similar to the familiarization trials except that only - 
one block of five trials was run, using the finger- 
board that was appropriate to the subconditio 
The S was first required to close his eyes while - 


the Pretest. 
recorded by E. The location of these responses 
was recorded only with regard to the frontoparallel 
plane. 

3. Adaptation 1. Using the appropriate fixation 
stimulus and occluder, S was instructed to align 
his left index finger with the fixation stimulus and 
one of his eyes (as was described for the familiari- 
zation trials) 15 times in succession, For each 
trial, S left his finger in the aligned position for 
approximately 1 sec. and then rested his arm on 
the table. The E moved S's arm to vary the start- 
ing position of the hand in order to decrease the 
likelihood of S performing the task by motor 
memory alone. After E moved S's arm, the next 
trial was initiated. Throughout the trials S was 
reminded of the importance of maintaining correct 
fixation. 

4. Posttest 1. 
that of the Pretest. 

5. Adaptation 2, The S’s task was the same as 
that of Adaptation 1. 

6. Posttest 2. The S’s task was the same as 
that of the Pretest and Posttest 1. 


Following this sequence of events S was given a 
5-min. rest, and the six experimental events were 
repeated for the next subcondition. 

Subjects. Twenty-four Ss from the university 
community participated in the experiment. None 
wore glasses, The Ss were paid for their partic- 
ipation. y 


The S's task was the same as 


Results and Discussion 


The basic data obtained in this experiment 
were the judged locations of the exposed. 
finger as indicated by the pointing responses 
of the nonexposed hand in the pre- and post- 
tests of each subcondition. For each S, the 


TABLE 1 


MEANS AND STANDARD DEVIATIONS OF THE 
- CHANGE Or FELT POSITION FOR TWO 
_ CONDITIONS IN EXPERIMENT I 


Eye 
Left — Right 
+.63 —24 
64 70 
—.62 +.09 
1.25 1.11 


"Note, A positive indicates a change toward the right; a 
Ragu sine E pae Cee 


means of the differences between the pointing 
. responses of the Pretest and Posttest 1 and 
_ between those of the Pretest and Posttest 2 

. were computed across five positions. The 
. mean of these two values was computed to 

be used as the index of the change in felt 

.. position for each S in each subcondition, The 
_ two means were combined because there were 

no systematic differences between them. The 
means and standard deviations of these in- 
dices across Ss for each eye in each fixation 
ondition are shown in Table 1. 

The statistical analyses confirmed the hy- 
: am that the sensory-motor conflict in 
the experiment leads to a change in felt posi- 
__ tion toward the direction of the median plane. 
In the far-fixation condition, the difference 
N the shift of the pointing responses between 

the right- and left-eye viewing conditions was 
- 487 cm, which is statistically significant, 1 
~ (23) 505, p< .001, one-tailed. In the 
'near-fixation condition, the difference was 
-. 41 cm., which is also statistically significant, 
a (23) — 192, p< .05, one-tailed. These 
shifts of felt positions in both conditions 
illustrate the role that the location of the 
__cyclopean eye can play in Helmholtz’s experi- 

. mental situation, 

Although the statistical analyses confirmed 
the hypothesis, the actual amounts of change 
in felt position were extremely small. For 
the far-fixation condition, where the maxi- 
mum possible adaptation based on the hy- 
pothesis was approximately 3 cm. (half the 
interocular distances), the obtained change 
in felt position represented only 14% adapta- 


" 
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tion. For the near-fixation conditio. in 
which the maximum possible adaptati: is 
3.4 cm. (the values based on 6-cm. int :- 
lar distance and the average distanc: 8 


cm.—to the fixation stimulus from Ss’ 
the obtained change represented only 1: 

These small changes were a surprising ut- 
come in that the pilot study for this ex eri- 
ment using more sophisticated Ss prod ced 
greater changes, One factor responsib!. for 
the small change may be the Ss’ inab! y to 
maintain accurate fixation during t! 


ex- 
posure period. Maintaining fixation the 
fixation stimulus, particularly, in th scar- 
fixation condition, is a difficult task 'aive 
Ss, because the task runs count v SS 
natural tendency to change fixa: the 
finger as it appears, Althoug! npt 
was made to ascertain wheth: riz 
mental requirement was met ' * to 
report diplopia of the fix: a 
retrospect, this procedure may have 5c iss 
adequate in that naive likely to 
notice the diplopia (only ii 
Ss reported diplopia). D 
fixation to the finger, th io 
Hering's principles of visual the 
finger should be correctly localize ‘Te 
would be no sensory-motor confi "8, 
one possible explanation for the c «ly 


small changes is that Ss were not ma a 
ing the continuous fixation required by :5e 
experiment, 

Another possible reason for the smill 
change may have been the fact that tle 
change in felt position represents only a pot- 
tion of the total adaptation. Theoretically, 
adaptive changes in the sensory-motor sys- 
tem can be divided into different components 
(cf. Hamilton, 1964; Harris, 1965; Hay & 
Pick, 1966; Howard, 1971a, 1971b ; Temple- 


- ton, Howard, & Wilkinson, in press; Wilkin- 


son, 1971). Prior to the analyses of the 
results, the other components of adaptation 
were not considered, because the expectation 
was that in the present experimental settir 
the primary adaptation would be in the fe't 
position of the exposed hand. However, 
given the small effect, the possible change in 
visual direction or other components of adap- 
tation cannot be excluded. 


ili 
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EXPERIMENT IT 


The aim of Experiment II was the same as 
that of Experiment I, namely, to counter 
Helmholtz’s argument against the principle 
of cyclopean projection. Tt was designed to 
provide more convincing data than that of 
Experiment I, Essentially, Experiment II 
was a replication of the near-fixation condi- 
tion of Experiment I, in which the effect was 
weaker than that of the far-fixation condition. 
Tn addition to the measurement of the change 
in felt position, the change in apparent visual 
straight ahead was measured. Also, a more 
careful check was made to insure that the re- 
quirement of correct fixation was maintained. 


Method. 


The apparatus and experimental paradigm were 
the same as those of Experiment I, and the pro- 
cedure was similar to that of the near-fixation 
condition of Experiment I. The two experimental 
conditions for Experiment II differed on whether 
a finger was aligned to the right or the left eye. 
The two conditions were repeated twice to obtain 
more accurate data; half of the Ss had the sequence 
of conditions in RLLR order and the other half in 
LRRL order. In each condition, the Pretest, Post- 
test 1, and Posttest 2 included an additional mea- 
sure of adaptation, viz, that of apparent visual 
straight ahead. 

Ten familiarization trials for the testing were 
given, which were the same as those of Experi- 
ment I except that the trials were limited to the 
far fingerboard. There were 2 trials for each posi- 
tion. Four familiarization trials for the judgement 
of apparent visual straight ahead required S to 
indicate when a rod appeared to be in his subjective 
median plane. The rod was moved by E in the 
frontoparallel plane at the far edge of the far 
fingerboard, The E started moving the rod from 
either the left or the right side of the far finger- 
board, with a different starting position for each 
trial. The S was required to tell E to stop moving 
the rod when it appeared to be "straight ahead." 
There was a scale attached to the far edge of the 
fingerboard (not shown in Figure 1) from which 
S's judgement was recorded. 

The sequence of the events in each condition was 
the same as that of Experiment I except for the 
following changes and additions. The training or 
retraining session (Event 1 in Experiment I) was 
eliminated and the number of measurements of felt 
position was increased in the Pretest. This change 
was essentially a combination of Events 1 and 2 of 
Experiment I without giving feedback of the ac- 
curacy of the pointing response in Event 1. Hence, 
there were 10 Pretest measurements of felt position, 
ie, 2 for each position. This change was made to 
increase the accuracy of the measurement, Although 


this change eliminated the retraining trials, any 
residual effects from prior experimental sessions E 

were controlled by the different order of conditions. 5 
Within a block of measurements, in the pretest and 
the two posttests, the pointing response and the 
judgement of straight ahead alternated to give five 
measures of felt position and four measures of. 
apparent straight ahead. Starting the rod on the 

left or right side for the apparent visual straight — 
ahead measurement was randomized within each — - 
block, with the restriction that each side be used 
twice within a block. 

The sensory-motor exposure trials were the same 
as those described in Experiment I except that an 
extra E monitored S’s direction of gaze. This 
E was situated adjacent to S$ and continuously 
checked the position of the occluded eye to insure 
that S maintained fixation on the stimulus, Al- 
though Ss were instructed to maintain constant 
fixation, as they were in Experiment I, the constant 
monitoring allowed a check on this requirement. 
This procedure is not a precise way of monitoring. 
an eye movement, but if 5 did change fixation to 
the finger, the eye movement was obvious to E and 
the trial was repeated. The Ss were given a 6-min. 
rest following the first and third sessions and a 
12-min, break between the second and third sessions. 

Thirteen Ss from the university community par- 
ticipated in the experiment and were paid for their 
participation. None wore glasses. One S could 
not remain binocularly fixated on the fixation stim- 
ulus, ie., the partially occluded eye deviated toward 
the temporal side. He did not complete the ex- 
perimental session. 


Results and Discussion 


The basic data were the pointing responses 
given by the nonexposed hand for the five 
positions, and the judged locations of ap- 
parent straight ahead. For each S and for 
each eye, the difference between the mean 
values of two pointing responses from the 
pretest and the two posttests was computed 
for each of the five locations. The means of 
these five differences were used for the basic 
unit of analyses to determine the change in 
felt position. The basic unit of analyses for 
apparent visual straight ahead was the differ- 
ence between the mean values from the eight 
pretest trials and the eight posttest trials for 
each S and for each condition. The means 
and standard deviations of the change in felt 
position and the change in apparent straight 
ahead across 12 Ss are shown in Table 2; 
the positive sign represents a change toward 
the right; the negative sign, a change toward 
the left. 


"TABLE 2 


MEANS AND STANDARD DEVIATIONS OF THE 
CHANGE IN FELT POSITION AND 
APPARENT VISUAL STRAIGHT 
AD IN EXPERIMENT II 


Eye 
Measure 
Left 
Felt position 
X —.38 
SD .66 
Straight ahead 
X +.17 
SD 32 


Note. A positive sign indicates a change toward the right; a 
negative sign, a change toward the left. 


Examination of the results of the change 
in the felt position revealed that the slight 
change in the procedure produced results 
more in accord with the original expectation. 

_ The effect was greater than that obtained in 

Experiment I. The difference in the shift 

of the pointing responses between the right- 

and left-eye viewing conditions was 1.43 cm. 
and was statistically significant, ¢ (11) = 

6.51, p < .001, one-tailed. The results of the 

change in apparent straight ahead show there 
was a change in the judgement of apparent 
straight ahead to reduce sensory-motor con- 

flict. The difference in the shift of apparent 
straight ahead for the right- and left-eye 
viewing conditions was .70 cm. and was sta- 

stistically significant, t (11) = 4.27, p < 01, 
one-tailed. These two sets of results confirm 
the prediction that an adaptation would occur 

to the sensory-motor conflict produced by 

__ the visual direction of the hand specified from 

.. the location of the cyclopean eye and pro- 

= vide further support for the principle of 

= cyclopean projection. D 

The results indicated that the change in 
the procedure increased the amount of change 
in felt position. The monitoring of the direc- 
tion of gaze of the partially occluded eye by 
the extra E revealed one of the Possible rea- 
sons for the small effect found in Experiment 
L Many Ss did tend to move their. eye 
toward the location of the finger, and had to 
be reminded of the experimental Tequire- 
ment. Furthermore, for one S, the task was 
impossible. When he attempted to fixate 
on the fixation target the nonviewing eye 
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deviated away from the nose, i.e., the fix. on 
stimulus was an insufficient fusional stin: is, 
No matter how hard he tried, he coul ot 
binocularly fixate on the target. Two T 
Ss had similar tendencies, but with « rt 
they managed to maintain relatively si ly 


fixation. There was no provision in Ex: <i- 
ment I to inform Ss when their eyes dev). ed 
or to eliminate Ss who could not mee: he 
requirement. Hence, the small effect f ad 
in Experiment I was probably due to : a- 
tive difficulties of maintaining the cor: «t 
fixation. 

Contrary to our initial expectation, 
sults indicated that the experimental setti; 
used can produce changes in apparent 
straight ahead, Table 2 shows that, althoueh 
it was smaller than the change in felt 
tion, there was a change in apparent straie‘ 
ahead. If an assumption is made that 
body remained fixed with respect to the } ad 
(the body was not strapped to the chair^ oe- 
fore and after the exposure period, the re ts 
can be interpreted as being due to a c’ 
in visual direction. 

The sum of two components of ada; i 
measured in Experiment IT represents 6 
of maximum adaptation possible. There 
greater adaptations of two components ! 
right-eye viewing condition. This ex: vi- 
mental outcome is contrary to that of Ex; j- 
ment I, which showed greater adaptation ‘1 
the left-eye viewing condition. We have -o 
explanation for this decrepancy. 


the 


GENERAL DISCUSSION 


The results of Experiment I and Experiment 
II taken together clearly demonstrate the role 
that the location of the cyclopean eye can play 
in Helmholtz's experimental setting and confirm 
the contention of this article that, although one 
can align a finger between one eye and an ob- 
ject, such a finding does not vitiate the principle 
of cyclopean projection. The experiments have 
shown that in the condition where a finger is 
placed in front of the fixation target there was 
a shift of felt position toward the median plan 
In the condition where the finger was placed 
behind the fixation target, there was a shift of 
felt position toward the apparent location of the 
finger, and a shift of apparent visual straight 
ahead toward the location of the finger. These 
results are consistent with the prediction based 
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both on Hering's principles of visual direction 
and the outcomes of numerous studies dealing 
with prism adaptation. 

The fact that sensory-motor adaptation oc- 
curred without the use of prisms is consistent 
with the findings of Day, Singer, and Keen 
(1967). Day et al, without reference to Helm- 
holtz (1925), reported an experiment similar 

a segment of the present experiments; 

namely, placing a finger behind the fixation tar- 
(the near-fixation condition). They at- 

;ute the apparent location of the hand to 
monocular parallax: a change in the apparent 

"tion of an object with change in the eye 

d to view it [p. 1129].” They do not state 

; changing the viewing eye should change 

rent location, but they found that “behav- 

| compensation in manual centering re- 
onses occurs [p. 1130]." In the present ex- 
periments, the explanation of the apparent 
vation of a finger is attributed to Hering's 
principles of visual direction and the adaptation 
viewed as a result of both a change in felt 
position and a change in visual direction. 

Perhaps a brief comment on the controversy 
¿lated to the explanation of prism adaptation 
vould be made here, since the results are ex- 

ained in terms of adaptation of different com- 
ponents (Efstathiou, Bauer, Green, & Held, 
1967; Hardt, Held, & Steinbach, 1971; and 
others cited in Experiment I). The contro- 
"e ey is whether the adaptation is due to a 

inge in different components or a change in 

c sentral control of sensorimotor coordination. 

may argue that we should wait for a reso- 
ion of this controversy before we interpret 
ur results in terms of changes in felt position 
and visual direction, However, Hardt et al. 
explicitly deny that experiments “permitting 
rect knowledge of the prism- -induced error 
(p. 229]" produce a change in the central con- 
roi of sensorimotor coordination. Therefore, 
the issue is not whether there is a change in 
different components, but what change occurs 
when there is no direct knowledge of the error. 
our experiment there was direct knowledge 
che error of aligning the finger, a situation 
which there is presumably no change in 
sensorimotor coordination. Hence, we can at- 
tribute our results to a change in felt position 
and visual direction without waiting for the 
resolution of the controversy. 
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ASSESSMENT OF SELECTIVE SEARCH AS AN EXPLANATION 


FOR INTENTIONAL FORGETTING 


DONALD HOMA! anp SUSAN SPIEKER 
New College 


An assessment of selective search as an explanation for intentional forgetting 
was investigated by measuring reaction time (RT) in paired-associate lists of 
varying length. On half of the trials, a postinput cue was provided which in- 
structed .S to forget either the first or second half of the list, and a single- 
stimulus probe was presented from the remaining pairs. For one group of Ss, 
the response items within a list were unrelated nouns; for another group, the 
response items within each list half were from the same category, but the 

categories within a list were different. For both random and categorized lists, 
it was found that (a) RT increased with list length, and (6) RT was significantly 

reduced by a forget cue, with some indication that this reduction was greater 
for categorized lists. It was concluded that the criteria for a selective-sear: h 
interpretation for intentional forgetting were satisfied, and that, for the most 
recently presented items, a serial and self-terminating search may be involved 


A number of recent studies have demon- 
strated that instructions to forget part of a 
list result in enhanced recall of the remain- 
ing material (Block, 1971; Davis & Okada, 


1971; Epstein, 1969, 1970). This result 


has been obtained when explanations such 
as differential encoding and/or rehearsal of 
the to-be-remembered (TBR) material have 
been eliminated (Shebilske, Wilder, & 
In the Shebilske et al. 
experiment, the forget cue occurred at the 
‘end of the presented list, effectively elimi- 


“nating differential encoding or tagging of 


the TBR set and minimizing any influence 
of increased rehearsal of the TBR material. 
In their paradigm, four consonant-vowel- 
consonant word pairs were shown on each 
trial, separated in half by a filler task. 
After the last pair, an instructional cue 
was presented which notified S that he 
would be tested on a word pair from the 
first half, second half, or either half of the 
list. When the cue was first or second, 
the test probe occurred in the first or second 
half, respectively, of the list, and the re- 
maining pairs could be forgotten; on either 
trials, any of the four pairs could be tested. 
It was found that recall of the TBR set 
was enhanced following an instructional 
cue that permitted half of the list to be 


E Requests for reprints should be sent to Donald 
Homa, Division of Natural Sciences, New College, 
Sarasota, Florida 33578. 


forgotten. Furthermore, when the oppo: 
tunity for differential rehearsal of the TB! 
set was made available by leaving t! 
interval between the instructional cue a 
test probe either blank or filled, no chan 
in the size of the enhancement in re 
following an only cue (first or second) \ 
noted. This result was replicated 
Epstein, Massaro, and Wilder (197. 
Overall recall was improved when the « 
portunity for rehearsal was permitted, 

the size of the only effect was unaffect: 
An explanation of intentional forgetting 
this paradigm was offered in which sele 
tive search of the TBR material was r« 
sponsible for the enhancement, i.e., at th: 
time of test, only the TBR set is searche: 
and potential interference from the to-be- 
forgotten (TBF) set is minimized, since 
this set is not examined. Support for this 
hypothesis was derived primarily from the 
intrusion data of Shebilske et al.: When 
S was responsible for the entire list, and 
could be tested from either half of the list, 
intrusions occurred from both halves c^ '' 
list. However, when half of the list . 
be forgotten, intrusions from the TBF 
were rare. Further support for a selective- 
search explanation was provided by Epstein 
et al.: Using a matching task, they demon- 
strated that a forget cue does not result in 
an enhancement in performance when the 
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size of the hypothesized search set is 
equated on forget and nonforget trials. 

In the present experiment, reaction time 
(RT) was used to directly assess the selec- 
tive-search hypothesis for intentional for- 
getting. The size and composition of the 
TBR and TBF sets were varied, and a 
forget cue occurred on half the trials. Al- 
though RT has been frequently used to 
infer underlying search mechanisms in 
recognition paradigms (Sternberg, 1966), 
relatively few experiments have employed 
RT as a means of testing recall models. 
One model, proposed by Epstein et al., 
suggests that at the time of test, S searches 
for the response most strongly associated 
with the test stimulus. Intrusions occur 
when the response from the inappropriate 
set has a higher associative strength than 
the correct response. For the present ex- 
periment, it was hypothesized that minimal 
support for a search explanation of inten- 
tional forgetting would require two out- 
comes: (a) longer RTs as the size of the 
TBR set is increased, and (5) shorter over- 
all RTs for trials when part of the list can 
be forgotten. The failure of either or both 
of these predictions would cast considerable 
doubt on the viability of selective search 
as an explanation of intentional forgetting. 
Substantial support for a search explana- 
tion would require that the characteristics 
underlying the search be identified, e.g., 
given that a variant of a serial and exhaus- 
tive search (Sternberg, 1966) is employed, 
but the associative strengths for each 
response are examined following presenta- 
tion of the stimulus, then only half as 
many items should be searched on a forget 
trial relative to a monforget trial. This 
would be reflected by (a) a linear relation- 
ship between RT and the size of the TBR 
set, (b) a slope for forget trials about half 
of that for nonforget trials, and (c) a rela- 
tively flat relationship between RT and 
the serial position of the item probed. 

A second major manipulation was the use 
of lists that were either categorized or com- 
posed of unrelated words. In the Shebilske 
et al. (1971) study, enhancement of recall 
was found for both types of lists, although 
the size of the facilitation was significantly 


greater for the categorized lists. In the 
present experiment, it was also hypothe- 
sized that differences in RT for forget and 
nonforget trials would be greater for the 
categorized lists. 


METHOD 


Subjects. All Ss were students at New College 
who were paid $1.50 for their services, Because 
major interest focused upon response latency for’ 
correct items only, Ss who made too many errors 
were removed. An arbitrary criterion of 65% 
correct recall was established as the minimal per- 
formance level required for eventual data analysis. 
In all, 9 Ss in the categorized condition and 20 Ss 
in the random condition failed to meet this recall 
criterion and were replaced. A total of 44 Ss 
satisfied the error criterion, 22 in each of the random 
and categorized conditions. 

Design. All Ss received 3 practice and 44 experi- 
mental lists, each list followed by an instructional 
cue (either, first, or second), and a single test probe 
of one of the pairs, When the instructional cue was 
either, any of the pairs in the list could be tested. 
When the probe was first or second, the probe would 
test a pair from the first half or second half of the 
list, and the remaining pairs could be forgotten, 
e.g., for a four-pair list, followed by the cue first, 
the stimulus probe would test the first or second 
pair but not the latter two pairs. 

The 44 experimental lists were composed of 16 
lists of four pairs, 12 lists of six pairs, and 16 lists 
of eight pairs. Half of the lists at each list length 
were followed by an either cue and half by a forget 
(first or second) cue. When the list contained four 
pairs, each input position of the list was tested 
exactly twice under each of the instructional cues, 
e.g., 8 either, 4 first, and 4 second, for a total of 16 
lists in all. When the list contained six or eight 
pairs, each input position of the list was tested 
exactly once under each of the instructional cues. 

Construction of the random lists was accomplished 
in the following manner. Initially, a total of 576 
words with a frequency between 1 and 50 times per 
million (Thorndike & Lorge, 1944) were randomly 
selected and formed into 288 stimulus-response 
pairs. These pairs were then randomly assigned to 
list lengths of Size 4, 6, and 8. The 44 instructional 
cues were then randomly assigned to the lists such 
that each list length had half either cues and an 
equal number of first and second cues. Input posi- 
tions for test stimuli were then semirandomly de- 
termined with the constraint that each input posi- 
tion be tested an equal number of times for a given 
list length. The eventual assignment of word pairs 
to list length, instructional cue, and input position 
of the test probe was maintained for 11 of the 22 
Ss; for the remaining 11 Ss, the instructional cue 
and input position of the probe were rerandomized 
across list lengths. The order of presentation of the 
44 lists was randomized for each S. 
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tion of list length and instructional cue, for catego- 
rized and random lists separately. 


A similar procedure was used in the construction 
of the categorized lists. A total of 44 categories 
~ were selected from the Battig and Montague (1969) 
norms and were randomly assigned to list length. 
Since each of the 44 lists contained 2 categories, 
each of the 44 categories was used twice. The only 
restriction in the assignment of categories to list 
length was that no list contain the same 2 categories. 
An attempt was made to use only high-frequency 
Category associates as response terms, 
Within each list, items for the two categories were 
always blocked during Presentation, ie., the re- 
. Sponse items from the first half of the list contained 
items from one category, and response items from 
the second half of the list contained only items from 
the other category. In all other essential regards, 
the assignment of instructional cues, determination 
of input position of the test probe, etc., mirrored 
the construction of the random lists, 


Since the stimulus terms were common nouns for 
! and random lists, it was 
decided to use the same stimulus term as the test 
probe for both types of lists. In sum, list composi- 
tion was the only between-.Ss manipulation, and 
instructional cue and input position of the test probe 
were the major within-Ss variables, 

Materials and apparatus. Stimuli and responses 
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were typed on radio-mat transparencies and ted 
in slides, with the stimulus term appearin; ove 
the response. A Kodak 550 Carousel proje and 
Hunter timer were used to present the slic ind 
monitor the presentation rate. A voice k vas 


used to record response latencies. A photoc: crie 
relay, sensitive to the presentation of e; ide, 
initiated the Hunter timer on test trials. Ai igh 
an interjection by S prior to his vocal re nse 
would terminate the timer, fewer than 5°; all 
trials had to be discarded. 

Procedure. The S was given standard p; eda 
associate instructions and told, in part, t) an 
instructional cue at the end of each list ild 
indicate whether any of the pairs could be forge +n, 
Once these instructions were clearly under d, 
three practice lists were presented, each list g 
one of the instructional cues. It wa. 
RTs were being recorded via the voice kes 
responses should be made as rapidly and s 
as possible. The necessity of avoidin: 
comments was clearly understood by . 

Each list was presented in the following manner: 
A ready slide signaled the beginning of each list, 
followed by serial presentation of half of the pairs 
of the list. A filler slide was then provided, followed 
by the remaining pairs of the list. A nd. fer 
slide, instructional cue, and test probe complete 
the presentation. All slides were presented for 2 
sec, with a 1-sec. interslide lą The filler s 
contained single digits which had to be ¢ 
subtracted, multiplied, or divided and thei 
Specified as odd or even. A somewhat eas 
task involving only a single arithmetic ope 
was demonstrated by Sheb (197 
effective in minimizing rehearsal of the sublists 

A maximum of 10 sec. was allowed for res 
although most responses were given within 
About 10 sec. intervened between successive 
Each session lasted about 1 hr, 


stre 


T 
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RESULTS 


A mean RT for each S was calculated ‘or 
each combination of list length and ia- 
structional cue. Any RTs that resulted 
from incorrect responses (22.6% for cate- 
gorized lists and 16.4% for random lists) 
and any correct RTs that exceeded the 
cell mean RT for each combination of list 
length and cue for each S by 3.00 sec. were 
deleted. The latter data correction ac- 
counted for less than 3% of the total data 
matrix. Figure 1 shows the mean RTs, 
averaged across Ss, as a function of list 
length and instructional cue for categorized 
and random lists separately. 

Separate analyses were performed on the 
random and categorized lists, with Ss, in- 
Structional cue (either vs. only), and list 
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length as main variables. For the catego- 
rized lists, both instructional cue and list 
length were significant, F (1, 21) — 7.88, 
and F (2, 42) = 9,98, both ps < .02; how- 
ever, the Instructional Cue X List Length 
interaction did not approach significance 
(F <1). The overall mean RTs for only 
and either trials were 1.63 and 1.88 sec., 
respectively, for a difference of about 250 
msec. in favor of shorter RTs following an 
only cue. 

For the random lists, instructional cue 
and list length were again significant, F 
(1, 21) = 6.13, and F (2, 42) = 4.47, both 
ps < .03. As was true for the categorized 
lists, the List Length X Cue interaction was 
not significant, F (2, 42) = 1.05, p > .20. 

To compare the magnitude of a forget 
cue for categorized and random lists, sepa- 
rate analyses contrasting the size of the 
RT reduction for categorized and random 
lists were computed for each list length. 
Only for List Length 4 was the enhance- 
ment of a forget cue greater for categorized 
than random lists, and this effect was only 
of marginal significance, £ (42) = 1.64, p < 
15. The overall RT reduction for catego- 
rized lists (about 250 msec.) was not sig- 
nificantly greater than the reduction for 
random lists (about 150 msec.), ¢ (42) = 
94, p > .20. 

The previous data were collapsed across 
the serial positions of the word lists. It is 
of theoretical interest, especially with re- 
gard to hypothetical search strategies, to 
note the RT changes as a function of the 
serial position for each of the list length 
conditions, e.g., a serial and exhaustive 
search might be expected to be relatively 
independent of the serial position of the 
test probe, whereas systematic changes 
with serial position might be expected for 
a serial and self-terminating search. In 
order to inspect serial position data, median 
RTs were determined for each serial posi- 
tion as a function of list length and in- 
structional cue. These data are shown in 
Figure 2 for the random and categorized 
lists separately. 
` [t should be emphasized that the data in 
Figure 2 are somewhat erratic, since each 
data point is a median of 22 RTs contrib- 


:random lists. 


uted by 22 different Ss. Nonetheless, the 
size of the only effect in terms of RT 
reduction for categorized and random lists 
is similar to that reported previously; for 
the categorized lists, the RT reduction 
following an only cue is about 250 msec. if 
serial positions are averaged. For the ran- 
dom lists, the RT reduction is about 140 
msec. The major data of interest in Figure 
2 are as follows. (a) Fourteen of the 18 
serial positions for the categorized lists 
show an only effect for RT, whereas 13 of 
the 18 positions show a similar effect for - 
the random lists. (b) The savings in RT 
seem somewhat greater for the second half 
of the list for both categorized and random 
lists—for categorized lists, the mean RT 
reductions for first and second list halves 
were about 180 and 320 msec., respectively ; 
the corresponding mean RT reductions for 
the random lists were about 90 and 180 
msec. (c) When the second list was probed 
following a forget cue for the first list, RTs 
decreased monotonically across serial posi- 
tions for both the categorized and random 
lists; this was true for all list lengths. 
When the first list was probed following a 
forget cue of the second list, some indica- 
tion of a primacy effect was evident, al- 
though no other trend across serial posi- 
tions is apparent. 

Error rates. Table 1 shows the mean 
error rates for the categorized and random 
lists as a function of instructional cue and 
list length. Overall, the error rate was 
slightly higher for the categorized lists; for 
the only and either instructions, these rates 
were 19.6 and 25.6, respectively, for the 
categorized lists, and 15.1 and 17.8 for the 
Thus, differences in error 
rates following an only or either cue tended 
to mirror RT data for the random and 
categorized lists, e.g., the difference for the 
random lists was about 2.7%, whereas this 
difference was about 6.0% for the catego- 
rized lists. 


Discussion 


If intentional forgetting is viewed in terms 
of a selective-search hypothesis, it might be 
expected that interference from the TBF ma- 
terial would be minimized if it could be effec- 
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and instructional cue, for categorized and random lists separately. 


tively ignored at the time of recall. Specifi- of intentional forgetting would appear to e | 
cally, Epstein et al. (1972) have Proposed that | satisfied. In particular, RTs following a fo; of 
the locus of facilitation from a forget cue is in cue were reduced, relative to a nonforget c>, 
the retrieval stage; the fewer associations that and RTs in general increased with the amou: - 
need to be Searched, the less likely it is that of the TBR material. Furthermore, there w:.s 
an erroneous but Strong association will com- some evidence that the RT reduction assoc,- 
pete at the time of recall with the appropriate ated with a forget cue was greater when the 
response, In the present experiment, minimal lists were categorized. Previously, Shebilsi:e 


predictions for a selective-search interpretation et al. (1971) had demonstrated that recall was 
enhanced following a forget cue, and that the 
TABLE 1 size of the enhancement was greater for cate- 
MEAN ERROR RATES FOR RANDOM AND gorized than random lists. Evidence that the 
pre Lists As A FUNCTION RT reduction was somewhat greater for the 
pe Second half of the list is also consistent with 

the results of Shebilske et al. 
: Random. Categorized Given that a retrieval mechanism is pro- 
nid posed to account for the enhancement of recall 


Only) Bither |= aL Onisa ithe 


following a forget cue, it is less clear how this 
cue cue cue 


: Search process should be conceived. Had a 
E s ig 13.4 | 13.6 | 19.9 | 158 Sternberg (1966) search been operative, e.g., 
8 


188 | 199 | 193 3 ae 27e each association of the TBR set is checked in 


a serial and exhaustive manner with the stimu- 
lus, then RTs should have been linearly related 
to the size of the positive set. If the forget 


M 151 | 17.8 | 164 | 19.6 25.6 | 22.6 
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cue effectively halves the size of the memory 
set, then the slopes for the forget and nonforget 
cues should have been in the ratio of 1/2. Al- 
though the relationship between RT and list 
length for the present experiment is well- 
described as linear, the lack of an interaction 
between list length and cue precludes an ex- 
planation based along Sternberg considera- 
tions unless additional assumptions are made, 
e.g, somewhat less than the total set is 
searched following an either cue. Even more 
troublesome for a search explanation that is 
serial and exhaustive is the relationship be- 
tween RT and serial position of the probed 
item. Although the serial position data was 
somewhat noisy, especially when the first list 
was probed, RT consistently decreased across 
serial positions for both the random and cate- 
gorized lists when the first list could be for- 
gotten. This data would seem best described 
by a search that is serial and self-terminating, 
with the search initiated from the most recent 
item. 

In conclusion, the results of the present 
experiment are consistent with an explanation 
of intentional forgetting based along retrieval 
considerations, at least for those paradigms 
that use postinput cuing. Although the serial 
position data support a search interpretation 
that is serial and self-terminating when the 
second list (or more recent items) is probed, 
it is less clear what the nature of the search 
might be for items presented earlier. A flat 
primacy and strong recency RT function have 
been reported by Shulman (1970) in a recogni- 
tion probe experiment. Conceivably, the 
nature of the proposed search strategy is a 
time-dependent process. 

The relative performance on the categorized 
and random lists is worth commenting on. 
It is somewhat surprising that the RTs for the 
random lists were, overall, of shorter duration 
than those for the categorized lists. One 
likely explanation would seem to be an S- 
selection problem—almost half of the Ss who 
attempted the task for the random lists had 
to be dropped due to unacceptably high error 
performance. Those Ss who satisfied the error 


criterion for eventual RT analysis may have 
been exceptionally good responders, and their 
overall RT data may reflect this. The extent 
to which interpretations provided for the ran- 
dom condition should be tempered with the 
problems of S selection remains unclear; the 
data support an enhancement for random 
lists following a forget cue. Whether the size 
of the enhancement was either increased or 
decreased by analyzing only the RTs for good 
responders remains an open question. 
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THE EFF ECTS OF MNEMONIC LEARNING ST RATEGIES ON 
TRANSFER, INTERFERENCE, AND 48-HOUR RETENTION : 


DOUGLAS H. LOWRY? 
Washington State University 


The effects of instructions to use imagery, sentence, or repetition strategies 
were compared on original learning, negative transfer, retroactive interference 

(RI), and 48-hr. retention. After reaching a common criterion in learning AB 
pairs, 5s were given 10 study-test trials on a list of AD or CD pairs or enga; 
"in a filler task. During acquisition, mnemonic strategies did not affect n 
tive transfer, RI, or 48-hr. retention. It was concluded that mnemonics only 
affect the rate of acquisition in paired-associate learning. Furthermore, it 
was suggested that the basis for mnemonic effects is centered on the associative 
Process as opposed to modification of stimulus attributes, 


zed 


— It is now well established that mnemonic equated across Strategies. In : ent? 
learning Strategies are superior to non- experiment, the effects of in ind - 
mnemonic or rote strategies, and attention verbal mnemonics were asses«: n5- 
is currently being turned to exploring the fer, retroactive interference, ermi 
nature and basis of mnemonic effects (cf. retention as well as in acqu 
Paivio, 1971), Thus far, studies involving When imagery and verbal inen onics 
mnemonics have been largely confined to have been compared in + ms, 
acquisition. If data were available on the differential effects of th we 
. effects of mnemonics on transfer, inter- not been found (Wood, 1 ver, 
erence, and long-term retention, current when a mnemonic strategy ; "ms 
ontroversies such as whether mnemonics pared to a nonmnemonic si: o 
affect stimulus or associative encoding buckle, 1971; Reese’), mnemo: ve 
- should be more readily resolved. For been found to facilitate List 2 1g 
if mnemonics result in differential Keppel and Zavortink (1969) demon ad 
of stimulus terms, one could argue that mnemonics also affect interfero ce 
at an AB-AD paradigm would become but that the effect was confined to retro- 
unctionally similar to an AB-CD para- action—suggesting that mnemonics make 
digm. That is, although stimuli are nomi- Previously learned material more resistant 
mnemonics would in some to interference from recently learned ma- 
mal ular items unique and thus terial. This finding opens the possibility 
functionally different (cf, Adams, 1967; (as suggested by an interference theory of 
Saver, 1969). On the other hand, if forgetting) that mnemonics may also affect 
ved e EE REM process, long-term retention. Unfortunately, the 
feriae RE weeds x transfer, inter- data are in conflict on this issue. Several 
Po di 4 etention would be Es (e.g., Boltwood & Blick, 1970; Schnorr 
€ degree of learning were & Atkinson, 1969) haye found that imagery 
‘The research rj 3 mnemonics facilitate long-term retention, 
tion of a PhD Sieertaton Sues a Ph. Whereas Olton (1969) found that verbal 
Graduate Schoo] at Washington State University. Mnemonics had no effect. This apparent 
The study was supported, in Part, by U.S. Public difference between imagery and verbal 
to Keith A. Wollen f 5 à mnemonics in Supporting long-term reten- 
Child Health and Hund Develop atate of tion may reflect different fı unctional proper- 
tion is expressed to Keith Wollen for his help, es (Bower, 1972) or methodological dif- 


? Requests for reprints should be addressed to 3H 
x - W. Reese. 
Douglas H. Lowry, who is now at the Departme, it 'ese i Soci 
of Social Sciences, Michigan Technological Uni Paper pr sued at the meeting of the iety for 


versity, Houghton, Michigan 49931, 


MNEMONIC STRATEGIES, TRANSFER, AND INTERFERENCE 17 


ferences in the studies (only Olton equated 
the degree of original learning). 

Potential methodological problems are 
readily encountered when studying the 
effects of mnemonics in transfer, interfer- 
ence, and long-term retention. Allowing 
or encouraging Ss to use mnemonics during 
both List 1 and List 2 learning (as did 
Arbuckle, 1971, and Reese, see Footnote 3) 
results in the possibility of specific transfer 
effects from List 1 being confounded with 
the effects of employing a more efficient 
strategy during List 2 learning: i.e., List 2 
effects may stem from mnemonics being used 
rather than having been used. Another 
form of confounding may occur when 
mnemonics are introduced into interference 
paradigms, For a retroaction paradigm, 
learning List 1 with mnemonics may result 
in less susceptibility to subsequent interfer- 
ence from List 2. Learning List 2 with 
mnemonics may interfere less with recall of 
List 1 (cf. Adams, 1967; Bower, 1972). 
Analogous effects may also occur in a proac- 
tion paradigm. Finally, a problem common 
among transfer, interference, and retention 
paradigms is the level of learning. If learn- 
ing is not equated across conditions, the 
resulting confounding of level of learning 
with experimental treatment makes clear- 
cut interpretation virtually impossible. 

Taken collectively, the available evi- 
dence aside from the area of acquisition is 
not definitive about the effects of mnemon- 
ics in general nor the potential differences 
between imagery and verbal mnemonic 
effects. Previous studies have suffered 
from methodological problems, and most 
have not compared mnemonic strategies, 
The present experiment overcomes these 
limitations in the following ways. First, 
all Ss are taken to a common level of List 
1 learning. Thus, neither specific transfer 
from List 1 nor long-term retention is con- 
founded with the degree of original learning. 
Second, the opportunity to use mnemonics 
during List 2 is reduced by employing a 
fast presentation rate. This reduces the 
use of mnemonic learning strategies. and 
subsequent variation in efficiency during 
List 2 learning. Additionally, it allows 
study of the hypothesis that mnemonics 


TABLE 1 


Worbs Usep To Construct A-B, 
A-D, AND C-D Parrs 


Term of pair 

A B c D 
ELBOW JELLY OFFICER ACROBAT 
CAT ORCHESTRA | SUNSET MOTHER 
LIBRARY ELEPHANT KISS 
MICROSCOPE FLAG COFFEE 
WINDOW INK VILLAGE 
HAMMER SEA UNIVERSITY 
TRE BLOOD TRUMPET 
KEG INSECT NEWSPAPER | JAIL 
AUTOMOBILE | PIANO LEOPARD BABY 
VALLEY NAIL WOMAN DOVE 
ROCK UMBRELLA | HOTEL POLICEMAN 
CIGAR MULE GARDEN REVOLVER 


make material more resistant to interfer- 
ence from subsequent material. Third, a 
direct comparison of imagery and verbal 
mnemonic strategies is made. 


METHOD 


Subjects and materials. The Ss were 144 college 
students whose participation partially fulfilled a 
course requirement in introductory psychology. 
The Ss, who were run individually, studied either 
one or two lists of 12 high-imagery noun-noun pairs 
(see Table 1 for pairs). The lists were organized 
into one of three paradigms in which List 1 was 
followed by: (a) List 2, consisting of pairs with the 
same stimulus term as in List 1 but different re- 
sponse terms (hereafter symbolized by AD), (b) 
List 2, consisting of pairs with different stimulus 
and response terms than in List 1 (hereafter symbol- 
ized by CD), or (c) an unrelated filler task of 
circling random two-digit numbers evenly divisible 
by three or four (hereafter symbolized by Rest). 
In order that both retroactive interference and 
transfer could be studied using the same materials, 
the paradigms were balanced according to the pro- 
cedure recommended by Zavortink and Keppel 
(1968). In addition, the stimulus and response 
terms were reversed for half of the Ss, For all 
lists, the mean imagery rating (Paivio, Yuille, & 
Madigan, 1968) of both stimulus and response 
terms was 6.62. 

Procedure. For List 1 learning, three independent 
groups of 48 Ss were instructed to learn each pair 
by either (a) forming an interacting mental image 
of the objects named by the pair, (b) forming a 
short sentence with a verb linking the pair, or (c) 
articulating the pair over and over until a new pair 
appeared. For each of the instructional sets, an 
example of the appropriate strategy was given, and 
guessing during recall was encouraged. The Ss 
were then required to summarize the instructions 
to insure comprehension. 

Training on List 1 proceeded by alternating 
study-test trials with articulation of both stimulus 


TABLE 2 


Mean CORRECT FOR List 1 CRITERION, TOTAL ON 
TRANSFER TRIALS, AND IMMEDIATE AND 48-Hn. 
im RECALL or List 1 PAIRS 


| List 1 strategy 
- Category and 
-. paradigm 
: Imagery Sentence Repetition 
|. Criterion 
"AD : 11.25 11.25 11.50 
SECH 11.19 11.12 11.25 
Rest 11.38 11.31 11.31 
Transfer-3 
AD 10.50 11.12 12.62 
CD 12.50 13.50 18.12 
- Transfer-10 3 
AD 81.69 81.00 84.44 
CD 82.56 88.38 97.69 
' Retroaction-0 
AD 9.25 1.94 7.56 
CD 10.81 9.88 10.06 
Rest 1144 11.38 11.06 
Retroaction-48 
AD 8.75 8.00 7.50 
cD 10.19 8.50 9.81 
Rest 10.50 10.12 10.00 


Note. See text for explanation of category and paradigm 
designations. 


and response terms required. A Lafayette high- 
speed memory drum presented each pair for 4 sec. 
during study trials, whereas on test trials, only the 
stimulus term appeared for 4 sec. There was no 
interval between a study trial and the following 
test trial, but a 4-sec. blank interval separated the 
end of a test and the beginning of a study trial. 
Five random orders of pairs were used for study 
als and five different orders for test trials. Train- 
ing was continued until 10 out of 12 items were 
. correct on a single test for Ss given imagery and 
sentence instructions. For repetition Ss, the criterion 
was 11 out of 12. The lower criterion for imagery 
and sentence conditions was selected on the basis 
of pilot data to equate the degree of original learning. 
Approximately 90 sec. after learning List 1, Ss in 
each of the three instructional groups either studied 
a second list of AD pairs or CD pairs, or engaged in 
the filler task for the length of time required to 
learn List 2 (approximately 11 min.) List 2 in- 
structions were the same for all Ss, i.e., learn each 
pair. by simply pronouncing it aloud once. Each S 
received 10 alternating study-test trials at a rat 
of 1.25 sec. per pair during study trials and 4 uc 


| per stimulus term during tests. All other i 

: were the same as for List 1. pd 
; After completing List 2, Ss were given i 
; fied-modified free-recall test. The S Set To 


i 4 min. in which to write response terms next to 
= appropriate stimuli from both lists. Following this, 
they were asked to indicate whether pairs came ftom 
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List 1 or List 2. The Rest groups were « 
only 2 min. for recall, since they learned on 
1. Following written recall, all Ss were ca: 
not to discuss the experiment with other =: 
and were dismissed after being reminded th 
were to return to participate in a related exper 
A second written recall identical to the o: 
received during the first session was admi» 
to all Ss 48 hr. later. Following this, Ss in 
on a questionnaire whether they recalled ea: 
by trying to remember (a) a mental picture 
objects, (b) a sentence or phrase, (c) no pa 
strategy, or (d) other (with explanation re 


RESULTS AND DISCUSSION 


Two conditions must be met fo: 
ingful comparison of the overall 


ine 
of 


the three learning strategies: (« iust 
use the suggested strategy, a! the 
level of List 1 learning must ! for 
each of the treatment conditi: king 
first at a, all groups report sing the 
instructed strategy more th: any other 


single strategy. Thus, this c adition seems 
reasonably well satisfied. © ur: 
an index of level of lear: 

number correct on the crite trial 


ing to 0, as 


the I 1 


as 


computed for each treatmeni » (see 
Criterion in Table 2). Analysis ince 
indicated no significant differen Fs 
< 1). It thus seems reasonable to : ade 
that Condition b has also been met as. hat 
other aspects of the data can be com, d. 


List 1 acquisition. The groups lear: ng 
List 1 differed only in the instructional : *t - 
they were given. Thus, it is possible -0 
combine groups receiving similar List 1 
instructions and use trials to criterion as 
an index of learning efficiency. Since i0 
correct out of 12 items was the higist 
criterion at which all Ss would be rcje-- 
sented, the mean trials to criterion o! 10 
for imagery, sentence, and repetition strate- 
gies were computed and found to be 2.35, 
2.67, and 3.31, respectively. Analysis of 
variance indicated overall significance, F 
(2, 141) = 7.42, p < .01, whereas / tests 
revealed that the repetition strategy dif- 
fered from the other strategies but that 
no other differences were significant (cd = 
50, p = .05). The results of individual 
comparisons were unchanged when the 
more conservative Scheffé test was used. 
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These results are consistent with the 
general finding that mnemonics enhance 
the rate of learning. However, the com- 
parison of more theoretical interest is 
between imagery and verbal strategies. 
On the basis of several lines of evidence, 
Paivio (1971) has argued that, with con- 
crete material, imagery mnemonics should 
produce more efficient learning than verbal 
mnemonics. The trend in the present data 
is consistent with this argument, but the 
differences were not significant. However, 
it should be pointed out that virtually all 
Ss had reached criterion by the end of three 
trials; Thus, the range over which trials 
to criterion could vary was quite restricted. 
Perhaps the restriction of range also at- 
tenuated the apparent differences between 
strategies. 

Transfer. Yn analyzing the transfer data, 
the question of major interest is whether or 
not mnemonic strategies affect transfer. 
Since transfer effects may be greatest during 
the initial trials, the total correct for each 
S over Trials 1-3 of List 2 for the six treat- 
ment groups (see Transfer-3 in Table 2) 
was analyzed by a factorial analysis of 
variance. The effects of interest would 
appear as an interaction between strategy 
and paradigm. Although significant main 
effects were found for strategy, F (2, 90) 
= 3.62, p < .05; and paradigm, F (1, 90) 
27.04, p < .01, the critical Strategy X 
Paradigm interaction was not significant 
(F « 1) Although the means in Table 2 
suggest that a substantial interaction exists, 
the differences were not significant due to 
the high variability (SD — 6.08). Similar 
results were obtained when the total correct 
over Trials 1-10 was analyzed (see Trans- 
fer-10 in Table 2). These results indicate 
that when compared to a repetition control, 
mnemonics did not differentially affect 
learning in AD and CD paradigms. 

The significant main effects of List 1 
strategy on List 2 learning deserve some 
comment. Multiple ¢ tests on the mean 
total correct on Trials 1-3 of List 2 revealed 
significant (cd = 3.04, p = .05) superiority 
of the groups given repetition instructions 
at List 1; i.e., mnemonics at List 1 resulted 
in negative transfer if the repetition strategy 


19: 


is viewed as the control. ‘These results 


contradict the findings of other Es (e.g. . 


Reese, see Footnote 3). However, these Es 
have either allowed or encouraged Ss to 
use mnemonics during List 2 learning. 
Apparently, the "transfer" effects in these 
studies resulted from more efficient learning 
by using mnemonics during List 2 rather 


than specific effects from List 1. Why the - 


mnemonic groups in the present study per- 
formed worse on List 2 than repetition 
groups is not clear. One possible interpre- 
tation is that the change in learning strate- 
gies between List 1 and List 2 resulted in 
some disruption for the mnemonic groups. 
Perhaps these Ss continued trying to use 
mnemonics but did not have sufficient time. 

Interference and retention. As in the case 
of transfer, any effects of mnemonics on 
retroactive interference will appear as an 
interaction involving strategy and para- 
digm. A three-way analysis of variance 
was performed on the number of correctly 
recalled List 1 responses during immediate 
and 48-hr. written recall (see Retroaction-0 
and Retroaction-48, respectively, in Table 
2). Strategy and paradigm were between- 
Ss variables, while recall interval was a 
within-Ss variable. Significant main effects 
were found for strategy, F (2, 135) — 3.09, 
p < .05; paradigm, F (2, 135) = 22.12, 
p < .001; and interval, F (1, 135) = 37.04, 
p < .001. However, the strategy by 
paradigm interaction was not significant 
(F < 1), nor was the Strategy X Paradigm 
X Interval interaction, F (4, 135) — 1.49, 
p > .05. Thus, mnemonics do not appear 
to reduce a paired associate's susceptibility: 
to interference. However, it is possible 
that the effect of mnemonics is to make 
material interfere less with previously 
learned material. This study did not test 
this alternative, but the failure to find 
that mnemonics affect proactive interfer- 
ence in Keppel and Zavortink's (1969) 
study suggests that this effect does not 
exist either. 

A result of the above analysis not dis- 
cussed so far is the failure to find a sig- 
nificant Strategy X Interval interaction, 
F (2, 135) = 1.10, p > .05. Such an inter- 
action would have indicated that List 1 
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learning strategies had differential effects 
on 48-hr. retention. Because of the theo- 
‘retical importance of the groups learning 
only List 1 (see Rest in Table 2), these 
"groups were analyzed in a separate two- 

way analysis of variance with strategy as a 

between-Ss variable and retention interval 

as a within-Ss variable. Again, the Strat- 

egy X Interval interaction failed to ma- 

terialize (F < 1). On the basis of these 

data and Olton’s (1969), it appears that 
neither imagery nor verbal mnemonics 
- enhance long-term retention of paired as- 
 sociates. Previous arguments to the con- 
trary appear to have resulted from a 
failure to equate the degree of original 
learning. 

- By way of summarizing the major results 
of this study, it appears that the effects of 
“mnemonics are confined to acquisition. 
Furthermore, there are implications for 
-. deciding whether mnemonics affect stimulus 

‘or associative encoding. If the nominal 
_ stimulus terms in an AD paradigm were 
encoded differently in List 1 and List 2, 
then there would be less retroactive inter- 
erence of List 1 pairs by List 2 pairs (i.e., 

ie paradigm in effect becomes AB, CD). 
Weaver (1969) found support for this hy- 
pothesis by varying the opportunity for 

ifferentially encoding stimulus terms in 
AD and CD paradigms, Thus, if the effect 
mnemonics is in some way centered on 
odifying stimulus encoding (e.g., increas- 
g distinctiveness; Duffy, 1971), then the 
.of mnemonics should result in less 
interference than when mnemonics are not 
used. However, in the present study, 
mnemonic conditions had no effect on 
reducing either negative transfer or retro- 
active interference. Thus, since modifica- 
tion of stimulus encoding appears unlikely, 
and since the effects of mnemonics in the 
present study were confined to acquisition, 


it is tempting to argue, as other E: ave 
(e.g, Bower, 1970), that the etfe of 
mnemonics are centered on the asso 
process. 
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Eye movements of kindergarten and third-grade Ss were compared during the 
differentiation of matched and unmatched pairs of letterlike symbols. The 
pairs differed on one of four dichotomous feature dimensions: form, opening, 
line, and origin. Despite the fact that older Ss required half as many fixations, 
frames, and cross-comparisons per pair to arrive at the same-different judge- 
ment than younger Ss, they fixated proportionally more distinctive features 
(41) than younger Ss (.36). The greater selectivity and economy in the extrac- 
tion and processing of information by older Ss was interpreted as the result 
of increased cognitive programming of eye movements. Older Ss, because of 
their familiarity with graphic features, were able to call upon memory for 
identification and interpretation of visual inputs. 


Younger Ss relied on a 


purely perceptual strategy to extract and process graphic information. 


The process of learning alphabet sym- 
bols by children has been characterized 
by Gibson (1969) as primarily one of ex- 
tracting and processing distinctive features 
(DFs). Recent evidence by Nodine and 
Steuerle (1973) has provided tentative 
support for this position. Although Nodine 
and Steuerle found a progressive increase 
in the utilization of DFs to differentiate 
graphemes from kindergarten to third 
grade, overall only about one fixation in 
four fell on letter display areas containing 
DF information. 

One would expect the perceptual effi- 
ciency of the visual scanning system, even 
of young children, to be higher than that 
suggested by the Nodine and Steuerle 
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(1973) findings. The authors suggest 
several factors which may have led to an 
underestimation of perceptual efficiency of 
their Ss: (a) ambiguities in the translation 
of Gibson's (1969) theory for assigning 
DFs to letters, (b) limitations in the re- 
solving power of the eye movement record- 
ing system, and (c) utilization of peripheral 
viewing in the pick up of DF information. 

The present experiment was designed to 
study information extraction and process- 
ing strategies of children as revealed by 
eye movements during the differentiation 
of letterlike symbols, and to extend the 
DF analysis to the results. The letterlike 
symbols were derived after a set of stimu- 
lus patterns developed by Garner (1970). 
These letterlike symbols differed on four 
dichotomous dimensions similar to those 
which characterize alphabet symbols. The 
letterlike symbols were either rectangular 
or circular in form, the direction of the 
opening was the same or different, the let- 
terlike symbols contained either a straight 
or oblique line, and finally, these lines 
originated either from the side or top (see 
Table 1 for examples). Sixteen letterlike 
symbols constitute the total set formed 
by the four dichotomous dimensions 
(24 = 16). 

By using letterlike symbols, it was pos- 
sible not only to specify DFs more clearly 
when contrasting one symbol with another, 
also to designate target areas con- 
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designates initial fixation.) 


taining DFs more accurately when map- 


ping these areas directly on the symbol 


displays for eye movement analysis. More- 
over, the letterlike symbols had the ad- 
ditional advantage of being: novel, thus 
controlling the specific experiences with 
them that is a potential source of con- 
founding when comparing children of dif- 
ferent grade levels. Finally, because of 
the relative lack of experience with the 
letterlike symbols and the large size of 
these pairs of symbols (12? each, symbols 
separated by 20°), children should show 
more dependence on foveal viewing of 
feature combinations and less dependence 
on peripheral viewing. This should lead 
to a more piecemeal analysis of these 
symbols than was obtained with alphabet 
symbols in the earlier experiment which 
were of comparable size. ` 

In addition to a comparison of dif- 
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Ficure 1. Computer-generated displays of eye movement patterns for a 
kindergarten S (left) and a third-grade S (right) to symbols varying in form, 
origin, line, and opening dimensions, respectively, from top to bottom. (Arrow 


ferences in the perceptual effici 

utilization of DFs) between ki" arten 11 
and third-grade Ss, which is pro=:mably 

a by-product of learning to re’, the 
present experiment provides info- nation i 
on the saliency of symbol features which 
most probably results from the iransfer 
of experiences with alphabet symbo!s. For 


example, it is well documented that be- 
ginning readers have difficulty discrimi- 
nating left-right reversals (Fellows, 1966; 
Huttenlocher, 1967), line to curve trans 
formations (Gibson, Gibson, Pick, & Osser; 
1962), and oblique line orientations (Olson, 
1970; Rudel & Teuber, 1963). 


METHOD 


Subjects. The Ss were selected from an ele- 
mentary school in Wyncote, Pennsylvania, a pre 
dominantly white middle-class suburb © 
Philadelphia. 


(Le. 00 
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A total of 25 children were randomly selected 
from the kindergarten and third-grade classes. 
Six boys and 7 girls were selected from the kinder- 
garten classes, and 6 girls and 6 boys were selected 
fromthe third-grade classes. 

The eye movement records from 3 kindergarten 
and 2 third-grade Ss could not be scored due to 
the poor definition and contrast of the cine film. 
In addition, there were 3 practice Ss whose records 
were not included in the data. The mean age of 
the remaining 10 kindergarten Ss was 5.9 yr., and 
the mean age for the 10 third-grade Ss was 8.9 yr. 
The mean Reading Readiness score (Metropolitan 
Readiness Tests) for the kindergarten Ss was 78.1 
(93rd percentile), SD = 2,5; for third grade, the 
mean score was 67.6 (75th percentile), SD = 1.5. 

Apparatus. A Mackworth wide-angle eye camera 
(Polymetric Co., Model V-1166) was used to 
monitor S’s eye movements. This apparatus con- 
sisted of a viewing box and rear-projection stage 
located 35.6 cm, from S’s eyes. A chin rest at- 
tached to the front of the box served to hold .S’s 
head in place as he viewed the stimulus display. 
A. Beaulieu 16-mm. reflex cine camera with a 
75-mm. f/2 Soligon Telephoto lens fitted with 
a Paillard-Bolex 40-mm. extension tube was placed 
in the viewing port on the right side of the housing. 
Each frame of cine film contained a picture of S’s 
right eye over which was superimposed the reflected 
image of the stimulus display. The pupil center 
determined by a template overlay was used as the 
reference point for determining the locus of the gaze. 
Plus X negative film at 8 ft/sec using an f/4 lens 
setting was used in photographing the eye move- 
ments. The film was pushed 2} stops during de- 
velopment to enhance contrast. The films were 
scored using a computer (see Results). Some 
examples of eye movement patterns are shown in 
Figure 1. 

Materials. The stimuli were the letterlike sym- 
bols shown in Table 1. Each symbol was pho- 
tographed on a 35-mm. slide; two Kodak Carousel 
35-mm. projectors were used to rear project the 
symbols in pairs. The symbols were clear (white) 
letters on a black background. When projected, 
the symbol dimensions were 7.6 cm.? (129). Forty 
symbol pairs, 20 matched and 20 unmatched pairs, 
were formed by combining symbols. 

One of the main advantages of using these 
letterlike symbols was that it was possible to 
contrast symbols against each other in pairing 
them (unmatched pairs) so that the distinctive 
features would be easily identifiable. 

The unmatched pairs were categorized into five 
sets according to the features on which they dif- 
fered. The 20 unmatched symbol pairs with their 
identification number are presented in Table 1. 
The unmatched symbol pairs of the first set dif- 
fered in the feature combination of line origin and 
line orientation and included No. 11, 12, 31, and 34. 
'The unmatched symbol pairs of the second set 
differed in form (curved vs. square) and included 
No. 7, 14, 21, and 37. The unmatched symbols 
in the third set differed in line origin (side vs. top) 


and included No. 8, 20, 22, and 40, The un- 
matched symbol pairs in the fourth set differed in 
line orientation (straight vs. oblique) and included 
No. 2, 18, 28, and 29. Finally, the unmatched 
symbol pairs of the fifth set differed in opening 
direction (right vs. left) and included No. 4, 15, 
26, and 38. Half of the unmatched symbol pairs 
for each set were curved and half were square. 
Two of the four unmatched symbol pairs differing: 
in form opened to the left and two opened to 
the right. 

Twenty matched symbol pairs were formed by 
using the four single dichotomous dimensions (i.e., 
excluding the combination set) to create four pairs 
each plus one duplicate pair each. A list of the 
matched and unmatched symbol pairs was formed 
in order to determine the order of presentation 
of the pairs. This order was random except for 
the constraint that the first and second halves of 
the list contain equal numbers of matched and 
unmatched symbol pairs representing each feature 
dimension. The order of presentation of the first 
and second halves of the list was counterbalanced 
across Ss to control for practice effects, 

Procedure. Each S was tested individually, one 
session per child. After S was familiarized with 
the apparatus he was told that he was going to 
be shown two “funny looking letters" which would 
be either the same or different. The S's task was 
to look at the two letters and tell E whether they 
were same or different. The S was also told that 
E was taking a picture of his eye and that S must 
place his head in a chin rest and remain still, as 
well as refrain from talking so as not to blur the 
picture. A procedure was adopted whereby S 
closed his eyes prior to the presentation of each 
symbol pair. Upon Z's signal (after starting 
filming), S opened his eyes and viewed the symbol 
pair. As soon as S decided whether the two sym- 
bols were same or different, he closed his eyes. 
After S closed his eyes, E stopped filming and 
asked S for his response. 


RESULTS 


Scoring of eye movement records. The 
cine film records were projected onto the 
surface of a Thomson table (Edwin In- 
dustries Corp.) connected with a LINC-8 
computer (Digital Equipment Corp.), and 
E entered each data point, frame by frame, 
by marking the center of the pupil and 
the center of the target display with a 
cursor. The computer was programmed 
to calculate the difference between these 
two points and translate this difference 
into x and y coordinates in order to de- 
termine the locus of the gaze on the 
display. 

The normalized fixation coordinates were 
digitized and stored on magnetic tape. 


MEAN NUMBER OF FIXATIONS/PAIR 


COMB. FORM. ORIG. LINE OPENING 
FEATURE DIMENSIONS 


FiGURE2. A comparison of the mean number 
of fixations per pair between kindergarten and 
third-grade Ss for each of the feature dimensions 
(unmatched pairs). 


. The computer was programmed to enter 
each fixation in a 16 X 16 matrix. Each 
square of the 16 X 16 matrix corresponded 
to a visual angle of 4?, so that each 
symbol of the pair was contained in a 
target area which was 3 X 3 squares. The 
two symbols of the pair were separated 
by a nontarget center area of 12 squares 
and a surrounding area of 226 squares. 
Details of the computer system for scoring 
and analyzing cine film records can be 
found in Kundel and Nodine (1973). 
Design. Analyses of variance were car- 
ried out on three dependent measures: 
(a) number of fixations, (b) number of 
frames (time), and (c) number of cross- 
comparisons. -A mixed design was used 
for each of the analyses. Each analysis 
consisted of one between-Ss variable (grade 
level) and two within-Ss variables (features 
and trials). Separate analyses were per- 
formed for matched and unmatched pairs 
for each dependent variable, however, 
because these measures were highly cor- 
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related, only the results for 
fixations will be presented. 


The error rate for both g of Ss. 
was 10%. Most errors (654; kinder- | 
gartners, 61% for third grade: curred | 
to the feature dimension ope No. 4, | 


15, 26, and 38). 

Analysis of number of fixatio 
garten Ss required more fi 
symbol pair than third-grade 5 
= 15.90, p < .01. The mean 
fixations per pair for kinderga: 
7.27 and the mean for thi: 
was 3.91. These means wer 
to the corresponding means ! 
symbol pairs. Figure 2 show: 
number of fixations required | 
tiate unmatched symbol pairs 
the five feature dimensions for k 
and third-grade Ss. 

The Ss responded differently 
feature dimensions as indica: 
significant features main effec: 
= 5.88, p < .01. This was du 
to the fact that the feature « 
opening (6.88/pair) and line 
both required significantly mo 
than the combination feature - 
origin-line (4.65/pair, p < «| 
test). Grade level interacted wi: catures; 
F (4, 72) = 3.25, p < .05, whic 
simple main effect for kinderga 
dicated, F (4, 72) = 848, p 
due to a more variable respon - 
to the five feature dimensions ! 
garten than third-grade Ss. 

For matched pairs, Ss at boih grad 
levels required more fixations to differen 
tiate symbol pairs containing oblique lin 
(6.01/pair) than straight lines (5.38/pair) 
F (1, 18) = 5.61, p < .05, and symbol 
pairs in which the line originated from th 
top of the symbol (6.13/pair) than the 
side of the symbol (5.25/pair), F (1, 19) 
= 627, p < .05. 

Analysis of distribution of fixations O 
symbol pairs. The results of the analyse 
of variance for frames, fixations, and cros* 
comparisons indicate that the third-gra' 
Ss took less time and had fewer fixati 
and paired comparisons per symbol P 
than kindergarten Ss. "These results 
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suggest that, for each grade level, certain 
features were more difficult to discriminate 
than others (e.g., left-right reversals for 
kindergarten Ss; oblique line orientations 
for third-grade Ss). In order to measure 
these differences, it was necessary to define 
exactly what featural information was 
being processed by Ss during symbol dif- 
ferentiation. An analysis of the DFs pro- 
vides an analytical way of comparing the 
quality of eye movements between kinder- 
garten and third-grade Ss. 

Target versus nontarget fixations. The 
16 X 16 matrices, printed out by the com- 
puter for each discrimination, were divided 
into target areas (ie., the left and right 
3 X 3 areas containing symbols) and non- 
target areas (ie, 3 X 4 center area be- 
tween symbols and the 226 squares sur- 
rounding the symbol pairs). 

Comparison of the proportions of fixa- 
tions on the left and right 3 X 3 target 
grids for kindergarten and third-grade Ss 
indicate high agreement, p (18) = .73, 
p «.01. It should be noted that the 
middle row in left and right targets re- 
ceived over half of all fixations for both 
kindergarten Ss (.58) and third-grade Ss 
(.56). This bias in the looking behavior 
of Ss conformed—p (18) — .64 for kinder- 
garten Ss, and p (18) — .65 for third-grade 
Ss, p < .01—with the overall bias intro- 
duced by the schemes for assigning DFs 
to target squares shown in Table 1. 

Fixations on distinctive features. Table 1 
presents the list of DF squares for each 
unmatched symbol pair. In specifying 
DFs, only those squares that carried dif- 
ferential information about the feature 
dimension being contrasted were chosen. 
Thus, for pairs contrasting the dimension 
origin, DFs were assigned only to squares 
containing differential information about 
line origin. In this case, the DF squares 
contained differential information on the 
presence vs. absence of a specific feature 
in a given square for a symbol pair (e.g., 
presence of line originating from left central 
square of left symbol of pair No. 8 vs. 
absence of line in left central square of 
right symbol), as well as the presence of 
different features in equivalent squares of 


symbols comprising a pair (e.g., presence 
of horizontal line in center square of left 
symbol of pair No. 8 vs. presence of 
vertical line in center square of right 
symbol). Using this procedure, six squares 
defined the DF patterns for symbol pairs 
differing on the feature dimensions com- 
bination-origin and line, form, and one 
symbol pair of opening (No. 26). Four 
squares defined the DF patterns for the 
symbol pairs differing on the dimensions, 
origin, line, and two symbol pairs of 
opening (No. 4 and 15). The remaining 
symbol pair differing on opening (No. 38) 
was defined by eight DF squares. 

Table 1 also compares the proportions 
of fixations on DF areas between kinder- 
garten and third-grade Ss. The overall 
proportion of fixations on DFs exceeds 
chance for both kindergarten Ss (.36) and 
third-grade Ss (41). Only symbol pairs 
for the form dimension consistently dis- 
played fewer fixations on DF areas than 
would be expected by chance. This result 
may have arisen from the way DF areas 
were designated for the form dimension 
which considered only squares containing. 
maximum differences between circle and 
square. 

The increase in utilization of DFs from 
kindergarten Ss to third-grade Ss agrees 
with the results of our previous study. 
The greater overall utilization of DFs by 
both groups from one in four fixations to 
better than one in three fixations may be 
attributed to a more direct translation of 
the DF theory due to the use of simpler 
graphic symbols. 

Not only was the proportion of fixations 
on DF areas lower for kindergarten than 
third-grade Ss, but the output of the 
former was twice that of the latter. More 
striking evidence of output differences is 
shown in Table 2 which presents the 
proportions of symbol pairs by feature 
dimension and grade level receiving fixa- 
tion patterns containing single fixations 
(e.g., fixations on one symbol or the other 
or between the two symbols), single com- 
parisons (e.g., one cross-comparison), and 
multiple comparisons (e.g., many cross- 
comparisons). This table indicates that 
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TABLE 1 


PROPORTIONS OF FIXATIONS ON DISTINCTIVE FEATURE (DF) SQUARES (UNMATCHED PA: 
FOR KINDERGARTEN AND THiRD-GRADE SS 


Proportion DF (numbe: 
Symbol pairs Feature grids» Proportion — | ——————— — —— ———— — ] 
Kindergarten Third 


A. Origin & Line 


u. EG BB HH 33 A9 (18) .33(0 
pc BH OWE 33 .57(31) 46(12 
CN QN RE RE 33 .53 (24) 8207 
Scc Fl BH HE 33 AL(7) S413 
Total 33 41 (73/177) 48 (46 
B. Form 
7 10 fl Ba 33 A6(7) A8(4 
14. ACG E E 33 .36(16) 28(5 
4 EG E E 33 27 (16) 311 
35-5353 Bau 33 14(6) | .24(¢ 
Total 33 .21 (40/188) 26(2 0) 
C. Origin 
8$ ET RH BH 22 .41 (20) 43 ( 
20 ZED I BR 22 .50(24) 45(' 
2 CO ki HB 2 46(27) 2G 
0. OC Wi BH 2 .32(14) AM 
Total :42(85/200) 40 (38 96) 
D. Line 
2 CE fa BS 22 .37 (22) 2710 
8 CC He m 22 .30(19) A7(14) 
23. EF I] 22 .38(15) AA 1) 
2. (TIX B E 22 32(15) At 
E Total 22 .34(71/209) 138(47/12:) 
Opening 
£69 ER EN 22 .25 (20) A3 (9) 
6. (T T] Ex 2 .23 (20) .26(8) 
de desi m & 33 «53 (38) .68(21) 
$8. OD mm Em .66(45) .62 20) 
eit 31 .41(123/303) | .50(58/115) 
Grand total 28 :36(392/1077) | -41 (215/528) 


1; origin of li n 'ontal value) present in Square 4 of left bol, 4 of right 
tee aan M ELE ur ed right symbol, peg Sanare 2^3 le eymbel, and orientation d 
of right symbol. ymbol, present in different value (oblique value) in Square 5 (cente) 


e » E BR Us vede Contrast this with the kindergarten fixa- ) 
i gle fixations, and tion pat i i imari 
another third (.37), single comparisons. LO E Le NM 


(.69) of multiple comparisons and virtually 
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TABLE 2 


PROPORTIONS OF SYMBOL PAIRS By FEATURE DIMENSION AND GRADE LEVEL RECEIVING SINGLE 
FIXATIONS, SINGLE COMPARISONS, AND MULTIPLE COMPARISONS 


Single fixations Single comparison Multiple comparisons 
Feature dimension z 7 à 
Kinder- | Third grade | Kinde- | Third grade | eres | Third grade 

Combination—line-origin .02 .34 .35 AS .63 21 

Form 08 322 .36 44 55 33 

Origin .08 -33 -26 .33 .66 725 

Line .05 -21 26 .28 .69 51 

Opening .03 -23 .05 que .92 44 

Total 05 s] 26 E .69 Reith 

Chance* ? .016 125 .094 375 89 „50 
Mean number of fixations per 

feature dimension 2.70 2.18 4.22 3,39 6.56 3.07 


a Based on an average of eight fixations per pair for kindergarten Ss and four fixations per pair for third-grade Ss, 


none (.05) in the single fixations category. 
Not only was the multiple comparison 
fixation pattern most frequently used by 
kindergarten Ss, but it contained an aver- 
age of 6.56 fixations per feature dimension 
(four symbols) which was twice that of 
third-grade Ss for the same category. 

The distribution of single fixations, single 
comparisons, and multiple comparisons ex- 
pected by chance are shown at the bottom 
of Table 2. Comparison of expected and 
actual distributions indicate that both 
groups make fewer multiscans than would 
be expected by a random filling of the 
cells of the two symbol matrices. Kinder- 
garten Ss displayed more single scans than 
would be expected by chance, whereas 
third-grade Ss displayed more single 
fixations. 


DISCUSSION 


The present findings replicate those of 
Nodine and Steuerle’s (1973) previous study 
in which alphabet symbols were used, thus 


demonstrating the generalizability of the DF 
theory of visual differentiation. The results 
of both quantitative and qualitative analyses 
of the eye movement records from the two 
experiments indicate developmental differences 
in the child’s ability to extract and process 
DF information. A comparison of the quan- 
titative measures for letterlike symbols and 
letters is presented in Table 3. In all cases, 
letters received higher scores than letterlike 
symbols, however, the increments (shown in 
parentheses) were smaller for older Ss than 
younger Ss, These smaller increments, as we 
shall argue below, can most certainly be at- 
tributed to experience with graphic symbols. 

In the present study, DF information was 
linked directly to graphic features associated 
with the dimensions line, origin, form, and 
opening. Third-grade Ss looked less at the 
stimulus display (3.9 fixations), but fixated 
proportionally more DFs (.41) than kinder- 
garten Ss who looked more at the stimulus 
display (7.3 fixations), but fixated propor- 
tionally fewer DFs‘ (.36). The greater selec- 
tivity and economy in the extraction and 
processing of visual inputs by older Ss is 


TABLE 3 
COMPARISON or EYE MOVEMENT MEASURES (PER PAIR) BETWEEN LETTERS AND LETTERLIKE SYMBOLS 
Letterlike symbols Letters 
Grade level 3 z ^ 

Fixations QUOC ee a Em ua 
Kindergarten T3 2.0 2.5 11.7 C38) | 3.1 (36) | 3.1 (19) 
First grade aa E c 7.3 1.7 2.2 
Third grade 3.9 1.0 1.3 5.9 C34) | L3 23) | 15 C13) 


a Based on data from Nodine and Steuerle (1973). 
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presumed to reflect an increase in cognitive 
programming of eye movements. How does 
this cognitive programming influence eye 
movements? 

Our evidence indicates that in the beginning 

stages the child approaches the problem of 
differentiating graphic symbols as one would 
a visual search task. The S may or may not 
know the names (labels) for the graphic 
symbols, or have knowledge of the DFs which 
serve as potential targets of visual search. 
This is not critical, however, since differentia- 
tion of the symbols is based primarily on 
select, search, and test operations. The young 
S (a) selects a feature of the first symbol 
(selection may be random) and holds it in a 
short-term memory buffer, (b) searches the 
features of the second symbol until a potential 
match or contrast is found, and (c) tests the 
potential matching or contrasting feature of 
the second symbol against the stored feature 
of the first symbol in short-term memory. 
The characteristics of this strategy are that 
it requires, first, a large number of fixations 
because information pick up is tied to foveal 
scanning and point-for-point comparison of 
visual features, and second, many cross-com- 
parisons (including redundant ones) because 
only the current feature being tested is held 
in short-term store. In many of the younger 
Ss’ eye movement records, it appeared as if 
S was trying to move his eyes so as to physi- 
cally superimpose one symbol over the other 
in order to compare features. 

As the child gains familiarity with graphic 
symbols, he encodes them by a set of DFs 
stored in memory. It is these stored repre- 
sentations of the graphic symbols coded by 
DFs that are the basic ingredients in cognitive 
programming of eye movements. 

At this point the extraction and processing 
operations take direction, and information 
processing becomes more efficient. The older 
S (a) selects a feature from among a set of 
potential DFs which define graphic symbols, 
(b) identifies the feature as part of a feature 
set already represented in memory by name, 
label, or other form of feature code, and (c) 
tests the potential matching or contrasting 
feature of the second symbol, after identifying 
it from memory, with a memorial representa- 
tion of the first symbol. The advanced stages 
of this strategy are characterized by a great 
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deal of reliance on memory for g phic 
symbols. The S calls upon memc to 
identify the feature set which is cod. ^ by 
name or other form of feature code. and 
compares the result with a second f- ‘ure 
similarly identified from memory. No « ubt, 
peripheral vision helps S edit out irre’ sant 


information as he selects potential targ: 
testing (Mackworth & Morandi, 1967). 
The shift in perceptual strategy fro 
which relies almost exclusively on iní 
tion derived from foveal scanning 
stimulus display, to one which (a) ma! 


of information from peripheral as v as 
foveal input sources, and (b) cal- pon 
memory for identification and interp tion 


of these inputs are two important € 
mental changes which help the child 
his true information-processing potenti 
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ADAPTATION LEVEL AS A FACTOR IN HUMAN 
WAVELENGTH GENERALIZATION: 


ARTHUR TOMIE anp DAVID R. THOMAS? 
University of Colorado 


According to an adaptation level interpretation, central tendency effects in 
stimulus generalization should occur within but not across conceptual cate- 


gories. 


In Experiment I, two groups of Ss viewed a 505-nm. (green) light 


and were tested for generalization with only shorter (bluer) or only longer 


(greener) wavelengths. 


Only the latter groups showed a central tendency 


shift. Additional groups indicated that a test series that is nominally sym- 
metrical about 505 nm. may be functionally asymmetrical, yielding a central 
tendency shift toward longer (greener) values, In Experiment II, two groups 
of Ss viewed a 495-nm. light and were tested with values of 465-505 nm. in 
5-nm.steps. For one group, for which E labeled the training stimulus blue, a 
central tendency shift toward shorter wavelengths was observed. The second 
group, given a green label, showed no such shift. 


[n a study of human voluntary stimulus 
wrolivation, Thomas and Jones (1962) 
| inat following single-stimulus train- 
> location of the training stimulus 
he test series has a potent and 
) : effect on the subsequently ob- 
tained stimulus generalization gradient. 
ions and Jones gave five groups of Ss 
a exposure to a light of 525 nm. 
(gre: nstructed them to remember the 
stimui:, and then tested for recognition of 
the traii»g stimulus in a generalization 
test. Five generalization test series were 
ematically varied to include two degrees 
of asymmetry for both longer and shorter 
wavelengths, and a symmetrical control. 
With each of the asymmetrical test series, 
ponding was displaced away from 525 
coward the center of the test series. 
¿ee of response displacement was 
found to be a direct function of the degree 
of asymmetry of the test series, and only 
with the symmetrical test series did a clear 
decr :tal gradient of stimulus generaliza- 
tiet i at the training stimulus value. 
1 ıs and Jones (1962) interpreted 
their finding as a “central tendency effect,” 


um 
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of Colorado, Boulder, Colorado 80302. 
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a stimulus generalization application of 
Helson’s (1947, 1964) adaptation level 
theory. The central tendency effect has 
been replicated many times and has been 
found with the following stimulus dimen- 
sions: size area (Helson & Avant, 1967), 
weight (Hébert, Origlio, & McGuirk, 
1972), brightness (Thomas, Svinicki, & 
Vogt, 1973), and line angle (Giurintano, 
1972). 

In a recent theoretical paper, Capehart, 
Tempone, and Hébert (1969) set forth an 
explicit adaptation level (AL) interpreta- 
tion of the central tendency effect. They 
proposed that in training, S learns to re- 
spond not to the absolute physical attri- 
butes of the training stimulus but to a 
stimulus that has the value of the AL at 
that time, i.e., the training stimulus value. 
During testing, as the AL shifts with ex- 
posure to the asymmetrical test series, S’s 
responding is displaced accordingly. This 
interpretation has received direct support 
from a recent study by Hébert, Bullock, 
Levitt, Woodward, and McGuirk (1974). 
These investigators tested for stimulus 
generalization with weights of 100, 125, 
150, 175 and 200 gm., following training 
with a weight of 150 gm. The Ss were in- 
structed to identify the training stimulus 
when it appeared in the test and also to 
rate each test stimulus on a 7-point cate- 
gory rating scale of “light” to "heavy" 
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Ficure 1. Mean generalization gradients for 


Groups 465-505, 485-525, and 505-545. 


with the category rating of 4 being the 
subjective middle (AL). Thus, each S$ 
provided a measure of his individual AL 
as well as a gradient of responding to the 
test stimulus values. A high within-Ss 
correlation between responding and the 
category rating of 4 was found, indicating 
that Ss were indeed responding to their ALs. 
That central tendency effects occur on 
many quantitative stimulus dimensions 
is well documented in the literature; how- 
ever, no systematic attempt has been made 
to determine whether central tendency 
effects occur across conceptual categories 
on qualitative stimulus dimensions. Al- 
though Thomas and Jones (1962) demon- 
strated the central tendency effect along a 
qualitative dimension (color), their range 
of test stimuli was confined to a single 
conceptual category (green). Helson (1959) 
has argued that there should be no AL shift 
across conceptual categories because there 
should be no averaging of stimulus input 
across category boundaries. If this con- 
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Apparatus. Each S was seated in an rimental: 
room facing and approximately 60 cn m a 1220 
X 76 cm. vertical panel covered w: lack felt 
cloth. Located approximately at « vel and 
equidistant from either vertical edge 1e panel 
was a 4,45-cm.-diam. circular aperture zed with 
a translucent glass screen upon whic'i stimuli 
were projected. A solenoid-opera shutter 
assembly located immediately behind <e trai 
lucent glass screen was controlled | Hunter 
(Model 1245) interval cycler timer. he light) 
source, a Bausch and Lomb monochron (Model 
33-86-02), equipped with a tungsten source, 
was mounted approximately 25 cm. b | and at 
the same height as the circular aper! A pair 
of circular Kodak (Type M) carbon ne densi 
optical wedges was mounted on the mo romator: 
between the light source and the selecti^ nob. All 
stimuli, in 5-nm, steps from 465 nm. (bi , through 
545 nm. (yellowish green), were ited fo 
brightness by adjusting the settings of variabl 
wedge on the basis of three independ )s prio 
to the initiation of the experiment. 

Procedure. The Ss were unsystemati assigned 
to four groups of 20 Ss each. All Ss w read th 


following instructions: 


This is an experiment in color perc n. At 
the beginning of the experiment, a s; > color 
will be presented through the smal! in the 
screen in front of you. Try to keep «! lor in 


mind because you will be asked to tify it 
later. After one minute this color wil] turned 
off and a few seconds later a color wi iin be 
presented. You must decide whether is the 


he ex- 
same. 
will be 
vust res 
will be 
tween 


original color shown you at the start 
periment. If it is, respond with the v 
"The colors which you will have to jud 
shown to you for five seconds. You 
spond while the color is present. Ther 
approximately a 10-second interval | 
trials. 

Now we are going to begin the exp a 
Remember to try to keep the origina! «olor in 
mind and respond as rapidly as you ca» saying 
the word same whenever the originai color 
appears, Do you have any questions? 


: iment. 


Only questions concerning the procedures of t 


experiment were answered by E. Following amy 
needed clarification of instructions, a stimulus 05 
505 nm. (green) was presented for 1 min., during) 
which time the instructions were continued 4 
follows: 


tention is correct, and if AL and the central 
tendency effect are linked, as Hébert and 
his associates claim, then there should be 
no evidence of a central tendency shift 
across conceptual categories either. The 


This is the color which you are to remember. 


present study was designed to test this 
hypothesis. 


EXPERIMENT | 


Study it carefully for one minute. Then you 
will be shown other colors which you are to 
judge as being the same as or as being different 


Method from this color and to respond accordingly. 
Subjects, The Ss were 80 undergraduate female 


students enrolled in introductory 
d : € psychol 
courses at the University of Colorado. d 


Following the presentation of the training 
Stimulus, Ss in all groups were tested for stimulis 
generalization. The groups were differentiated only" 
on the basis of the series of stimuli employed in tha 
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FiGURE 2. A comparison of generalization gradients 
for Block 1 vs. averages for Blocks 2-9 for (A) 
Group 505-545, (B) Group 465-505, and (C) Group 
485-525, 


generalization test. For Groups 465-505, 485-525, 
and 505-545 there were nine test stimuli in 5-nm. 
steps through the respective ranges as given. For 
Group 500-525 there were six test stimuli in 5-nm. 
steps. For each S the nine or six test stimuli were 
randomized within each series and presented in nine 
different series. Stimulus duration and intertrial 
interval were held constant throughout the experi- 
ment at 5 sec. and 10 sec,, respectively. The num- 
ber of responses (defined as the verbal response same 
in the presence of a test stimulus) made to each of 
the test stimuli constituted a gradient of stimulus 
generalization. The training value of 505 nm. was 
selected because of its location within the green con- 
ceptual category near the blue-green conceptual 


boundary. 


Results and Disucssion 


The generalization gradients obtained 
from Groups 465-505, 485-525, and 505- 
545 are presented in Figure 1. Group 505- 
545 shows a large (15-nm.) displacement of 
modal responding from the training stimu- 


lus to a value (520 nm.) located toward the 
center of the asymmetrical test series. A 
comparison of responding to values of 505 
nm. and 520 nm. indicates a reliable peak 
shift, ¢ (19) = 2.84, p < .02, and confirms 
Thomas and Jones’ (1962) finding that a . 
central tendency shift can be obtained . 
within a conceptual category. On the © 
other hand, Group 465-505 shows no modal 
response displacement from the training. 
stimulus. Given only the marked asym- 
metry of the test series, one would expect a 
central tendency shift toward the center of. 
the series, However, if all test stimuli in 
the blue conceptual category (stimuli 465 
nm. through approximately 490 nm.) were 
nonfunctional in determining the prevailing 
AL, then one would expect the AL to be 
located at a value near the training stimu- 
lus. As Thomas et al. (1973) have shown, 
when test AL and the training stimulus 
value are relatively close, there may be no 
central tendency shift. 

In addition to the prediction that the 
central tendency shift will vary positively: 
with'degree of within-category asymmetry, 
AL theory predicts that these shifts will, 
occur gradually over time, as AL changes 
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FIGURE 3. Mean generalization gradients for 
Groups 485-525 and 500-525, 
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with increasing exposure to test stimuli. 
To test this hypothesis, generalization 
gradients obtained during the first test 
series were compared with those obtained 
during the remaining course of testing. 
For Group 505-545, a comparison of the 
obtained gradients reveals the development 
of a substantial central tendency shift 
during the course of the test, as shown in 
Figure 2A. Group 465-505 shows no 
central tendency shift development during 
the course of the test. In fact, the tendency 
is to shift back toward the training stimulus 
value (see Figure 2B). 

The lack of a central tendency shift in 
Group 465-505, taken together with the 


- large, reliable, and gradual central tendency 


shift in Group 505-545, argues strongly in 
support of the hypothesis that AL effects 
are operative within, but not across, con- 
ceptual categories. If this hypothesis is 
correct, then it may be argued that for 
Group 485-525 the test series is nominally 
symmetrical but functionally asymmetrical, 
since the blue values in the test series are 
presumably nonfunctional. Note in Figure 


1 that this group does indeed show a peak 


shift (/« 1, ns) to a longer wavelength 
value, and, as Figure 2C reveals, this 
tendency to shift increases during the 
- course of the test. Of the 17 gradients that 
_ showed a displacement of maximal respond- 


. ing from the training stimulus value, 11 


shifted to a longer wavelength value, 
whereas only 6 shifted to a shorter one. It 
is, of course, consistent with AL theory 
that the shift should be greater for Group 
505-545 than for Group 485-525 because 
the degree of. asymmetry is greater, with 8 
values of longer wavelength than 505 nm. 


E: rather than 4, 


A direct comparison of the i 
gradients of 
Groups 485-525 and 505-545 reveals a 


greater modal response displacement for 


Group 505-545. A statistical comparison 
of "area shift" scores in these two groups 
was „also carried out. Each individual 
gradient (including only values of 505 nm. 
through 525 nm., which were common to 
both. groups) was treated as a frequency 
distribution, and the mean value of that 
distribution was computed. This mean 
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reflects the location of respo g within. 
the gradient—the higher the —;can, the? 


greater the tendency to respo: © longer 
wavelength values. The co rison of 
gradient means confirms that shift i 
indeed greater in Group 505 . £ (38) 
= 4.92, p < .01. 

The "functional" test seri Group: 
485-525 may also be less a metrical 
than that of Group 505-545 be — ise so 
test values of shorter wavelen: ran 505 


nm. may fall within the concept itegory 
green and thus be operative in i 


AL. Figure 1 indicates a h level of 
generalized responding to 500 n., sug% 
gesting that for this group nm. i 


probably categorized as green, 
values of shorter wavelength : 
not. If all wavelength values s 
500 nm. are nonfunctional for 
525, a comparable gradient m 
tained from a group for which : 
are omitted from the test. Gro 
was run for this purpose. A 
this group produces a gradient « 
to that of Group 485-525, pea 
same stimulus value (510 nm 
sponding almost identical to 
wavelength values (see Figure 3 


Unlike Group 485-525, the :.ak shift 
for Group 500-525 from 505 : to 510 
nm. is significant, £ (19) = 2.14, > < 05. 
A comparison of the means o! the tw0) 


gradients (based on all common stimulus)” 
values) fails to achieve significance, £ (38))) 
= 1.85, p > .05. There isa tendency (nom 
significant) for Group 500-525 to respond 
less to the 505-nm. training value, and 

significant tendency, t (38) = 2.96, p < „Olr 
to respond less to the 500-nm. stimulus: 
This latter difference is a type of context 
effect not previously reported in the gen 
eralization literature. Thomas and His 
(1963) had reported a "units effect in 
generalization, in that there was a greatel 
decrement in responding to a test stimulus 
at a given physical distance from the train” 
ing stimulus when there was an intervening 
test stimulus than when there was not. I 
the present instance, the tendency to € 
spond to a given test stimulus is increase? 
by the presence of additional test stimu! 
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still farther removed from the training stimu- 
lus value. In the Thomas and Hiss study, 
both of these context effects may have 
occurred simultaneously. In that study 
each group received the same number of 
test stimuli (five), although their spacing 
was different. Thus, a lower level of gen- 
eralized responding attributed to the pres- 
ence of intervening stimuli in one group 
might be reinterpreted as a higher level of 
responding to that test stimulus as a con- 
sequence of stimuli still farther removed 
from the training stimulus in the compari- 
son group. In the present study, only the 
latter interpretation can apply, since no 
stimuli intervened between 505 and 500 
nm. in either group. Note that this same 
interpretation may be applied to the non- 
significant difference in responding to the 
training stimulus value, 505 nm., by using 
the peak of the gradient as a starting point. 
There is only one test value beyond 505 nm. 
in Group 500-525, whereas there are four 
in Group 485-525. Since the completion 
of the present experiment, Hansen, Tomie, 
Thomas, and Thomas (1974) have repli- 
cated the observation that the amount of 
generalized responding varies positively 
with range of test stimuli. Furthermore, 
they have demonstrated this effect with 
both wavelength and line angle test 
dimensions. 

It is appropriate to compare the gradients 
of Groups 500-525 and 505-545 directly. 
Both groups show reliable peak shifts; 
however, analysis of gradient means, in- 
volving stimuli from 505 nm. to 525 nm., 
which were common to both groups, reveals 
a significantly greater shift for Group 505- 
545, t (38) = 3.08, p < .01. It might be 
argued that this effect is not due to differ- 
ences in asymmetry of the test series, but 
rather to differences in total number of 
stimulus exposures during testing. These 
variables may be separated by comparing 
the first 6 series of test stimuli (total = 54) 
for Group 505-545 with all 9 series of test 
stimuli (total = 54) for Group 500-525. 
Even in this analysis, however, the group 
differences in area shift are maintained, 
t (38) = 2.72, p < .01. 


Before concluding, it is appropriate to 


consider alternative interpretations of the . 


findings reported here. One interpretation 
involves possible differences in discrim- 
inability for stimuli of longer vs. shorter 
wavelength than 505 nm. The mode of 
the 505—545 gradient was displaced 15 nm. 
(approximately 19 just noticeable differ- 
ences—]NDs) from the training stimulus 
value. On the other hand, in Group 465- 
525, the mode was not even displaced from 


505 nm. to 500 nm., a distance of approxi- 3 


mately 6 JNDs. It is quite clear, there- 
fore, that the shift in the 505-545 gradient 
and the lack of shift in the 465-505 gradient 
cannot be attributed to any discriminability 
difference. 

The displacement of responding toward 
longer wavelengths is consistent with a 
hypothesis of verbal mediation via labeling 
the 505-nm. training stimulus green. In 
several studies, Thomas and his associates 
(e.g., Thomas & DeCapito, 1966; Thomas 
& Mitchell, 1962) have ascribed such shifts 
in responding to verbal mediation. Pre- 
sumably, during the initial exposure to the 
training stimulus S labels it (either im- 
plicitly or explicitly) such that during sub- 
sequent testing there is an enhanced 
tendency for Ss to respond to those stimuli 
to which the label is most appropriate. 
The results of the present study, however, 
suggest that this particular labeling inter- 
pretation is incorrect. Note that the 
gradients of Groups 485-525 and 500-525 
show less shift than the gradient of Group 
505-545, peaking at a value which is still 
bluish-green. All three groups presumably 
used the same label for the 505-nm. training 
stimulus and thus they should have shown 
comparable shifts. 

It is possible to argue for a joint AL- 
labeling interpretation in which the label of 
the original stimulus undergoes changes as 
a function of the test series, Thus, as AL 
shifts farther toward the yellow-greens in 
Group 505-545, their label of the original 
stimulus changes accordingly, and this 
altered label mediates the greater peak 
shift. Such an interpretation seems some- 
what unwieldy, and it certainly could not 
apply to relationships between AL and 


eic SEC. ^as 
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central tendency effects that have been 
demonstrated with quantitative dimen- 
sions like brightness which are less subject 
to labeling. 

A final alternative interpretation of the 
present results ascribes the differences in 
the locus of maximal responding among the 
groups to differences in chromatic adapta- 
tion. Because each group experienced a 
different set of adapting (test) stimuli, the 
differentially altered states of sensitivity of 
the pigments in the retina might somehow 
account for the shifts in responding that 
were observed. 

It seems clear that if it were possible to 
manipulate the category membership of a 
particular training stimulus so as to pro- 
duce a central tendency shift or prevent one 
with the same set of physical test stimuli, then 
a sensory adaptation interpretation of the 
effect would be precluded. Such a demon- 
stration was attempted in Experiment II. 


EXPERIMENT II 
Method 


Subjects. The Ss were 40 undergraduate female 
- students enrolled in introductory psychology courses 
at the University of Colorado, 

Apparatus. The apparatus contained a circular 
aperture 4.5 cm. in diameter in a 61 X 63.5 cm. 
black panel. The aperture was covered with a piece 
of translucent plastic. The Ss were seated with 
their faces approximately 60 cm. from the panel, 
with the circular aperture approximately at eye 
level. The Bausch and Lomb monochromator and 
the Kodak neutral density optical wedges described 
in Experiment I were used in the same manner in 
Experiment If, 

Procedure, The Ss were unsystematically assigned 

to two groups of 20 Ss each. Both groups were read 
the same instructions as used in Experiment I with 
two exceptions; (a) there was to be a 5-sec. interval 
between trials, and (6) for one group, whenever the 
"word "'color'' appeared in the instructions it was 
preceded by the word "blue," for the second group 
the word "green" was used. 
Following the reading of the instructions, a 
495-nm. light was presented for 60 sec. The Ss in 
both groups were then exposed to the same series of 
test stimuli, which included all values from 465 nm. 
to 505 nm. in 5-nm. steps. For each S the nine test 
stimuli were randomized within each series and pre- 
sented in six different series, Stimulus duration and 
intertrial interval were held constant ‘throughout 
the experiment at 5 sec. The number of responses 


(defined as the verbal response same in the presence | 


of a test stimulus) made to each of the test stimuli 
constituted a gradient of. stimulus generalization. 
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cted be 


The training value of 495 nm. was 
cause of its ambiguous status with r« i to the - 
blue-green conceptual boundary. Pilo ork had 
suggested that our Ss were approxima! equally 
likely to label this stimulus blue or g and it 
was hypothesized that they would t! ore be 
willing to categorize it in the manner R d by E. 

With regard to the training value of 4' n., the 
test series from 465 to 505 nm. is nomi: asym- 
metrical, with five test values of shorter clength 
and two of longer wavelength. From th« :dpoint 
of AL theory, however, the functional - uli are 
those in the same conceptual category raining 
stimulus. Locigally, if S categori ım. asi 
blue, then all five test values of shorter \ length 
would also be called blue, and the blue—~) bound- 
ary would be at a longer wavelength th 95 nm. 
The values 500 and 505 nm. might be id blue 
and might be called green. In any case, he test 
series would be functionally asymmet: |, with 
five blues of shorter wavelength than t raining 
value and zero, one, or at most, two, blu longer 
wavelength. This substantial asymm. should 
result in a central tendency shift fro: 5 nm. 
toward shorter wavelengths. 

The situation with the green-label gr is very 
different. If 495 nm. is categorized as there - 
are only two longer wavelength values would 
also be called green, This would not lead: central 
tendency shift toward longer waveleng!! or two 
reasons. First, two values to one side of t raining 
stimulus do not provide a sufficient degree“! asym- 
metry. Second, values of 490 and perhaps -ven 485 
nm. might also be classified as green, m: ing the 
functional test series symmetrical or n sym- 


metrical for these Ss, 


Results and Discussion 


The generalization gradients obtained 
from the blue-label and green-label »roups 
are presented in Figure 4, As predicted, 
the blue-label group shows a peak of re- 
sponding displaced from 495 nm. toward 
shorter wavelengths. A comparison of 
responding to values of 495 and 490 nm. 


indicates that this shift is reliable, / (19) - 


= 5.15, p < .01. Furthermore, the blue- 
label group shows an enhanced tendency to 
respond to the values of 490 nm. and 485 


nm., in comparison with the green-label - 


group, and a reduced tendency to respond 
to 500 and 505 nm. To statistically com- 
pare the two groups' gradients, area shift 
Scores were obtained, as in Experiment I. 
A comparison of gradient mean scores indi- 
cated that the difference in the location of 


the two groups’ gradients is indeed sig- 


nificant, ¢ (38) = 4.25, p< E 


1 
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:! groups. 


The adaptation level interpretation of the 
central tendency shift predicts that the 
location of maxima] responding will be dis- 
placed fr the training value gradually 
over tir ges with increasing 

i t val test stimuli. To 

e.t esis, generalization 
iring the first test 
series were coinsarez with those obtained 
during the remaining course of testing. 
"or the blue- label group, à comparison of 
5tained gr ts reveals the develop- 
stantial central tendency 

shift ng the course of the test, as shown 
in Figure SA. J :/cen-label group, how- 
ever, shows no cena! tendency shift de- 
velor pment during the course of the test (see 


NERAL DISCUSSION 


The resuits of Experiment II are entirely 
consistent with an adaptation level interpreta- 
tion of the central tendency shift. Only the 
blue-label group showed the shift, presumably 
because these Ss conceived of the training 
value as blue and thus as a member of a class 
of stimuli all or most of which were of shorter 


wavelength than the 495-nm. training value: 
Thus, the functional test series, consisting of 
all values classed as blue, was asymmetrically 
spaced around the training value. Respond- 
ing gradually shifted to shorter wavelengths 
as the AL shifted from the training value with 
repeated exposure to the test series. i 

The failure of the green-label group to shift 
toward longer wavelengths is consistent with ` 
the view that little if any functional asym- 
metry existed in the test series for this group. 
As Experiment I indicated, the degree of 
central tendency shift varies positively with 
the degree of within-category test asymmetry. 

Because the same physical training and test 
values were used with both groups, chromatic 
adaptation alone cannot account for the pres- 
ent results. The shift from the training stimu- 
lus to a bluer value in the blwe-label group is 
consistent with a verbal mediation hypothesis 
(cf. Thomas & DeCapito, 1966). However, 
the failure of the green-label group to show a 1 
comparable shift is inconsistent with that view. 
Furthermore, a difference in discriminability 
would favor a shift toward longer wavelengths, 
which are more difficult to discriminate from 
495 nm. than are shorter ones. As noted in 


1.0, (A) I 
Blue-Lobel Group ER Bn 2-6 


(B) e-—-e Block | 
Green-Label Group ee Blocks 2-6 


MEAN NUMBER OF RESPONSES. 


465 475 485 495 505 


WAVELENGTH (nm.) 


Ficure 5. A comparison of generalization 
gradients for Block 1 vs. averages for Blocks 2-6: 
for (A) the blue-label group, and (B) the green-label 
group. 


connection with Experiment I, the difference 
. in the amount of shift obtained in Groups 
- 485—525 and 505-545 is also inconsistent with 
a simple verbal mediation interpretation. It 
might be possible to derive an interpretation 
_ of Experiment II employing the notions of 
chromatic adaptation and verbal mediation 
. in some combination, but that interpretation 
would certainly be strained. 
Experiment II demonstrates a central ten- 
dency shift that a simple sensory adaptation 
interpretation cannot handle. Of course, this 
does not preclude the possibility that such a 
mechanism accounts for the results of Experi- 
ment I, although that interpretation is cer- 
_ tainly unparsimonious. Neither do the present 
"experiments deny a role for stimulus labeling 
in human wavelength generalization situations. 
Rather, they suggest an independent yet pri- 
mary role for stimulus labeling and categorizing 
in situations conducive to such processing. We 
propose that in such situations labeling and/or 
categorizing determines the category member- 
- ship of the training stimulus and as a conse- 
quence defines the functional generalization 
.test series over which AL effects are subse- 
quently manifested. We conceive of the AL 
changes during testing as the more direct basis 
of the central tendency shift, however. Pre- 
sumably, with stimuli that are difficult to 
label, such as loudness, brightnesses, etc., only 
AL factors would need to be considered in pre- 
dicting central tendency shifts and related 
phenomena. 
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SENSORY AND VERBAL CODING STRATEGIES IN 
SUBJECTS WITH ABSOLUTE PITCH! 


JANE A. SIEGEL? 
University of Western Ontario, London, Ontario, Canada 


The performance of six absolute pitch and six control Ss was examined in three 
studies involving recognition memory for tone frequency. When the standard 
and comparison were 1/10 semitone apart, absolute pitch Ss reported using a 
sensory coding strategy and did not differ from the controls in overall per- í 
formance or rate of forgetting. When the stimulus difference was 3/4 semitone, 
absolute pitch Ss shifted to a verbal coding strategy, and their memory for 
pitch was significantly better than the controls. With a one-semitone differ- 
ence, the absolute pitch group showed no significant forgetting over a 15-sec. 
retention interval filled with interference tones. These findings support the 
hypothesis that possessors of absolute pitch show superior pitch memory 
only when they can differentially label the stimuli with musical note names. 


Possessors of absolute pitch can ac- 
curately identify large numbers of notes of 
the musical scale. Their ability contrasts 
sharply with that of most other individuals 
who can identify only about five different 
tones varying in pitch, even after sub- 
stantial practice (Hartman, 1954; Pollack, 
1952). Some possessors of absolute pitch, 
on the other hand, can identify almost any 
piano note without error (Van Krevelen, 
1951). Moreover, when given an oscillator 
and asked to produce a note of the scale, 
they do so with great accuracy. For ex- 
ample, one S in the author's laboratory was 
able to produce D£, E, and F with a 
standard deviation of just 1/9 semitone 
(J. A. Siegel, 1972). 

Absolute pitch has been of interest to 
psychology since its beginnings in the 19th 
century, but even after a hundred years of 
theorizing (see Ward, 1963a, 1963b, for a 
review) the mechanisms underlying this 
ability remain a mystery. Most of the 
research has focused on the nature-nurture 
controversy—that is, whether absolute 
pitch could, with sufficient practice, be 


l'This research was supported by the National 
Research Council of Canada Grant A7895. I would 
like to thank Victoria Woods for her help in running 
the experiments, Keith Whittle for technical 
assistance, and William Siegel for his many useful 
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experiments. 

? Requests for reprints should be sent to Jane 
A. Siegel, Department of Psychology, University 
of Western Ontario, London, Ontario N6A 3K7, 
Canada. 
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acquired by anyone, or whether it is based 
on some inherited ability. Relatively little 
attention has been paid to the question 
which is the concern of the present paper: 
What unique capacities do individuals with 
absolute pitch possess which enable them 
to identify the notes of the scale so ac- 
curately ? 

Neu (1947) proposed that absolute pitch 
is based on a superior ability to make rela- 
tive discriminations among tone frequen- 
cies. If tones appear less similar on a sen- 
sory basis to individuals with absolute 
pitch, then perhaps they will be more easily. 
identified. This hypothesis appears to 
be incorrect, however, since two studies 
(Oakes, 1955; J. A. Siegel, 1972) have 
shown that possessors of absolute pitch are 
no more accurate at making sensory dis- 
criminations of tone frequency than other 
muscially trained persons. 

Another possibility is that absolute pitch 
consists of a superior memory for tone fre- 
quency. For most people, pitch informa- 
tion is rapidly forgotten (Massaro, 1970a, 
1970b; Wickelgren, 1966), and W. Siegel 
(1972) has shown that Ss’ inability to 
identify tonal stimuli is due to this rapid 
forgetting. It is possible, therefore, that 
the crucial factor underlying absolute pitch 
is the ability to remember detailed informa- 
tion about tone frequency. Sucha capacity E 
might be analogous to the ability of persons 
with eidetic imagery to remember detailed 
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visual displays (e.g., Stromeyer & Psotka, 
1970). 

An experiment by Bachem (1954) pro- 
vides a good picture of the pitch memory 
abilities of individuals with absolute pitch. 
He compared the performance of absolute 
pitch Ss and musically trained controls in 
a recognition-memory task employing re- 
tention intervals of from 1 sec. to 1 wk. 
‘A standard tone was followed after the 
appropriate delay by a comparison tone, 
and S had to indicate whether the two 
stimuli were same or different. At each 
delay, Bachem determined the pitch sepa- 
‘ration between the standard and compari- 
son tones that was neccessary for S to 

achieve a “threshold” level of performance. 
For both groups, this relative threshold 
became larger as the retention interval in- 
- ereased to a delay of 1 min. Moreover, the 
absolute level of performance of the two 
groups seemed to be roughly the same— 
ranging from thresholds of roughly 1/20 
- semitone at the 1-sec. delay to roughly 1/2 
semitone at the 1-min. delay. Only at 
retention intervals of greater than 1 min., 
did the performance of the two groups 
diverge. Beyond this point, the thresholds 
of the control Ss continued to increase, 
while those of the absolute pitch Ss re- 
mained the same as they had been at 1 min. 

Bachem's (1954) data rule out the possi- 
bility that absolute pitch involves eidetic 

imagery for frequency information. At 
retention intervals of less than 1 min. when 
the separation between the standard and 
comparison tones was quite small, the 
memory abilities of the absolute pitch and 
control Ss were similar. This finding has 
been confirmed by other experiments in the 
author's laboratory (J. A. Siegel, 1972) and 
indicates that individuals with absolute 
pitch may exhibit the same rapid forgetting 
of pitch information shown by most other 
people. 

However, it is still possible that absolute 
pitch depends on some sort of special 
memory ability. Although Bachem's (1954) 
two groups performed similarly at short 
delays, the performance of the absolute 
pitch Ss surpassed the controls at long re- 
tention intervals. Such a pattern of results 
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would be expected if absolute pitch Ss li. ve 
a normal short-term memory for freque 
information and a superior long-t 
memory, and if a certain amount of tin 
required for material to be transferred f: 
the short-term to the long-term store. 


Unfortunately, Bachem's (1954) dat. do 
not provide unambiguous support for : .ch 
a hypothesis. His experimental proce ‘re 
required the simultaneous variation of |) th 
the retention interval and the similarit of 
the standard and comparison tones anc he 
effects of these two variables are : n- 
founded. Infact, Bachem himself prop ed 
that the superiority of the absolute pit: Ss 
was due to the effects of stimulus simi: ty 
rather than the retention interval. ile 
suggested that when the standard and « m- 
parison tones were sufficiently far a: rt, 
the absolute pitch Ss coded them in i ms 
of the notes of the musical scale and : sed 
these codes to mediate their respons: > in 
the judgment task. Thus, they woul. ‘ot 
try to remember the physical chara: er- 
istics of the standard tone, but r: a 
verbal mnemonic relating it to the 12 n. tes 
of the chromatic scale. On the other h: nd, 
stimuli highly similar to one another wo ild 
be given the same note name, even th...zh 
they were physically different. —U;.ler 
these circumstances, a verbal coding st: at- 
egy would be ineffectual, and absolute 
pitch Ss would be likely to respond on the 


basis of their memory of the physical ci: 
acteristics of the standard, rather than 
note name, Thus, they would not be ex- 
pected to perform any more accurately 
than the control Ss, 

Bachem’s (1954) hypothesis implies that 
absolute pitch Ss differ from other indi- 
viduals primarily in their knowledge of how 
the notes of the musical scale are mapped; 
onto the frequency continuum, rather than 
in some basic memory ability. Moreover; 
his coding theory gains a certain amount 
of support from the fact that he himself 
was a possessor of absolute pitch and his 
explanation of the data is based on hi 
introspective impressions of what w 
happening in the experiment. The purpo: 
of the present series of studies was to pr 
vide a more rigorous test of the verbal cod- 
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FiGURE 1. 
to the musical scale. 
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The relation of the stimuli used in Experiments I, II, and III 
(Bars designate the 1/10-semitone set used in Experi- 


ments I and IL; circles, the 3/4-semitone set of Experiment I; and arrows, the 


one-semitone set of Experiment III.) 


ing theory by examining the effects of the 
retention interval and stimulus similarity 
independently in a delayed comparison 
paradigm similar to that employed by 
Bachem, 


EXPERIMENT | 


In Experiment 1, absolute pitch and 
control Ss judged the relationship between 
two tones separated either by 1/10 or 3/4 
semitone. A 3-sec. retention interval be- 
tween the standard and comparison stimuli 
was filled with a large number of brief 
tonal stimuli to assure a reasonable number 
of errors (see Massaro, 1970a). The rela- 
tionship between the tone frequencies used 
here and the notes of the well-tempered 
scale is shown in Figure 1. 

In the 1/10-semitone condition, the 
stimuli cluster around the same musical 
note, and are likely to be given the same 
note name by the absolute pitch Ss, while 
in the 3/4-semitone condition, they are 
likely to be labeled differently. If the 
verbal coding hypothesis is correct, then 
the absolute pitch Ss should outperform 
the controls only in the 3/4-semitone con- 
dition where the standard and comparison 
can be differentially labeled. On the other 
hand, if individuals with absolute pitch 
differ primarily in their long-term memory 
ability, there should be no difference be- 


tween the groups in either condition be- 
cause of the short retention interval 
employed. 


Method 


Subjects. The Ss were 12 students in the Faculty 
of Music at the University of Western Ontario. 
Six claimed to be possessors of absolute pitch, and 
this was verified by asking them to identify the 12 
notes of the scale. The tones were presented via a 
pitch pipe and no feedback was given. All 6 abso- 
lute pitch Ss scored 100% correct on this task, while 
the controls performed at a chance level. All Ss 
had participated in pilot studies prior to the be- 
ginning of the present one and were thus well prac- 
ticed in the experimental task. They were paid $,02 
for each correct response. This worked out to an 
average wage of about $2 per hour. 

Apparatus. A small laboratory computer (PDP- 
12, Digital Equipment Corp.) controlled the stimuli, 
collected Ss" responses, and performed preliminary 
analyses on the data. Sine-wave tones were gen- 
erated by a voltage-controlled oscillator (Wavetek 
112) whose frequency was controlled by the output 
of the computer's D:A converter. "These tones were 
presented via Clark 100 earphones at 33-mv. root 
mean square, The system was found to be accurate 
to within .1 Hz. after warm up. 

Procedure, The Ss were run individually in a 
testing room that was separate from the computer, 
On each trial they were presented with two tones, 
and they had to indicate which one was higher by 
pressing one of two push buttons on a response box 
in front of them. The stimulus tones were each 1 
sec. in duration and were either 3/4 semitone or 
1/10 semitone apart (see Figure 1). In the 3/4- 
semitone condition, the stimuli were drawn from a 
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stimulus similarity. (Data are shown separately 
for absolute pitch [AP] and control Ss, and 95% 
confidence intervals are indicated by brackets.) 


set ranging in 9.7-Hz. steps from 200.6 to 258.8 Hz. ; 
in the 1/10-semitone condition they were drawn from 
a set ranging in 1.3-Hz. steps from 216.1 Hz. to 223.9 
Hz In both cases, the standard and comparison 
tones were adjacent members of the appropriate 
-stimulus set. Six different stimulus pairs were used 
in each condition of the experiment. 

There was a retention interval of 5 sec. between 
e two stimulus tones. This interval was filled 
with a series of 18 interfering tones having a dura- 
tion of .25 sec. each. There was no delay between 
the interfering tones, but a .25-sec. gap separated 
the beginning and end of the interference tone series 
from the two stimulus tones. The interference tones 
were randomly drawn from a range of 55-720 Hz. 
in both conditions. 

‘The Ss had 3 sec. after the offset of the second 
stimulus tone to make their response. At the end 
of this response period, a feedback light went on, 
and .5 sec. later, the next trial of the experiment 
began. Within a block of 12 trials, the frequency 
difference between the two stimulus tones was held 
constant, but the particular stimulus pair used was 
varied randomly with the restriction that the same 
pair could not occur twice in a row. On half of the 
trials in each block, the higher stimulus occurred 
first. "Two blocks of trials were run for each of the 
two levels of stimulus similarity, and all the data 


3The appropriate step size was determined by 
averaging the frequency difference corresponding to 
a 1/10- or 3/4-semitone step over the frequency 
range studied. Thus, the designation of the condi- 
tions as “1/10” or “3/4” semitone is only approxi- 
mate. 
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for each S were collected in one experimental =: sion, 
Different conditions were presented in suc sive 
blocks of trials, and half of the Ss in eac) roup 
received the 3/4-semitone condition first. 

Results and Discussion 

The results are shown graphice in 
Figure 2, in which the mean percen! e of 
correct responses for each group is ^ own 
as a function of stimulus similarity. The 
brackets indicate the 95% con: nce 
interval around each data point. -t is 
evident that absolute pitch Ss per- 
formed the controls, but only in ti 3/4 
semitone condition, / (10) = 5.85, ? 01. 
In the 1/10-semitone condition, a! lute 
pitch Ss seem to have a slight adve ‘age, 
but the 95% confidence intervals the 
two groups overlap extensively, and test 
showed that difference to be nonsigr ant, 
t (10) = .84, p > .05. 

The pattern of results described bove 
corresponds to that predicted by th: bal 
coding theory of absolute pitch. ord- 
ing to that theory, absolute pitch .5: ould 
do better than controls in the 3/4-se tone 
condition because they can relate thc > muli 
to different notes of the scale and si: = the 
appropriate note names in memory. Such 
a strategy would not be an effective «ue in 
the 1/10-semitone condition, since it is 
highly likely that the standard and com- 


parison tones would be assigned to the same 
verbal category. Thus, absolute pitch Ss 
would shift their strategy to one of re- 
membering the physical characteristics of - 
the tones, rather than verbally coding the 


items on the basis of their relation to the” 


notes of the scale. 

An interesting question is whether abso- 
lute pitch Ss themselves were aware of suc 
a strategy shift. To find out, a question- 
naire was administered after the main eX 


periment in which Ss were asked to indicate 


which of the following strategies they had 
used in the various conditions of the expert- 
ment: (a) a verbal coding strategy in which 
they related the stimuli to the notes of the. 


scale, or (b) a sensory coding strategy 1” ^ 


which they attempted to remember the 
physical characteristics of the tones. If 
they had used neither of these strategies, 
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' were asked to describe the nature of 
xe strategy they had employed. 
Four absolute pitch Ss and four controls 
completed this questionnaire. All four 
.bsolute pitch Ss reported using the verbal 
oding strategy in the 3/4-semitone condi- 
ion and a sensory coding strategy in the 
10-semitone condition. On the other 
hand, controls never reported using a verbal 
coding strategy. Three of them said they 
used a sensory coding strategy. The fourth 
reported using what he called a "silent 
whistling approach," which could be inter- 
preted as a sensory coding strategy. More- 
over, none of the control Ss said they used 
a different strategy in the two similarity 
conditions as was the case for the absolute 
pitch group. The questionnaire data sup- 
port the verbal coding hypothesis of abso- 
jute pitch, and suggest that verbal labeling 
is only useful to absolute pitch Ss when the 
stimuli belong to different musical note 
categories. 


Experiments II AND II 


Experiment I demonstrated an interest- 
ing correlation between the type of coding 
strategy reported by Ss and their level of 
performance. With a narrow stimulus 
spacing, both absolute pitch Ss and con- 
trols reported using a sensory coding 
strategy, and there was no difference in 
their level of performance. When the 
difference between the standard and com- 
parison was increased to 3/4 semitone, 
absolute pitch Ss shifted to verbal coding, 
and they outperformed the controls in 
this condition. Experiments II and III 
investigated the influence of the type of 
mnemonic code, sensory or verbal, on the 
rate of forgetting. When absolute pitch 
Ss adopt a sensory coding strategy, they 
should exhibit the same rapid memory loss 
that has been found in studies using nor- 
mal Ss (e.g., Massaro, 1970a). On the 
other hand, when the standard and com- 
parison fall into different verbal categories, 
absolute pitch Ss should show virtually no 
forgetting, since they should be able to 
effectively rehearse the verbal code during 
the retention interval. Experiments II and 
III tested these predictions by examining 


the rate of forgetting of absolute pitch and ^ 


control Ss with a standard-comparison 
difference of 1/10 or one semitone. 


Method 


The Ss in Experiment I also served in Experi- 
ments II and III. The range of stimulus and inter- 
ference tones employed in Experiment II were the 
same as those used in the 1/10-semitone condition. 
of Experiment I. However, in Experiment TD 
retention intervals of 1, 3, and 5 sec. were employed 
and these intervals were filled with randomly selected 
.25-sec. tones. 

In Experiment IIT, members of a standard-com- 


parison pair were one semitone apart and were e 


drawn from a set of tones extending in semitone 
steps from 184-261 Hz. (see Figure 1). All the 
stimuli corresponded closely in frequency to one of 
the notes of the scale. Retention intervals of 5, 10, 
or 15 sec. were filled with randomly selected .25-sec. 
interference tones. In both experiments, Ss heard 
14 trials at each retention interval, and the order 
in which the various retention interval conditions 
were presented was determined by a Latin square. 
In all other respects, the apparatus and procedure 
were the same as in Experiment I. 


Results and Discussion 


The data from the two experiments were 
analyzed in separate 3 X 2 analyses of 


variance with retention interval and abso- | 


lute pitch vs. control as factors. The 
results are shown graphically in Figures 3 


and 4 in which the mean percentage of 


correct responses is plotted as a function 
of the retention interval. It is evident that 
the pattern of results in the two studies 
was strikingly different. In Experiment 
II, when the standard and comparison 
tones were just 1/10 semitone apart, there 
is little difference in the performance of 
the absolute pitch and control Ss, F (1, 10) 
21:5, 9.05. 
forgetting occurred from 1 to 5. sec. 


In both groups, rapid . 


j 


F (2,20) = 36.8, p « .01, and the rate of 


loss in the two groups was the same. This 
last point is confirmed statistically by the 
fact that the Absolute Pitch vs. Control 
x Retention Interval interaction failed to 
reach significance, F (2, 20) 2.5. 

In Experiment III, on the other hand, 
there were marked differences in the effects 
of the retention interval on the performance 
of the two groups. Figure 4 demonstrates 
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FiGURE 3. Percent correct as a function of the 
retention interval. (The pitch separation between 
the standard and comparison tones was 1/10 semi- 

tone, Abbreviation: AP = absolute pitch.) 


that the control group showed a substantial 
loss, dropping from a mean of 86% correct 
at 5 sec. to 70% correct at 15 sec., while 
the absolute pitch group exhibited almost 
no decrement in performance. At 5 sec., 
these Ss averaged over 96% correct, and 
even after 15 sec. filled with interfering 
tonal stimuli, their average score had 
dropped no lower than 92%. These ob- 
servations are confirmed by a statistically 
significant Absolute Pitch vs. Control 
X Retention Interval interaction, F (2, 20) 
= 9.0, p < .01. In addition, an analysis 
of the simple effects of the retention interval 
on the performance of the absolute pitch 
group alone revealed no significant change 
in performance, F (2, 20) = 1.5, p > .05, 
while that for control Ss was highly sig- 
nificant, F (2, 20) = 26.5, p < .01. 


GENERAL DISCUSSION 


The results reported here indicate that 
absolute pitch Ss have two distinct modes for 
processing tone frequency—a sensory trace 
mode that maintains the sensory event for a 
very brief time in memory, and a verbal mode, 
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in which tones are labeled with musical -ote 
names. Control Ss, on the other hanc, re- 
ported using only the sensory trace moc : of 
mnemonic coding. In the verbal mode, sol- 
lute pitch Ss may rehearse musical :ote 
names almost indefinitely, and very ` ttle 
memory loss occurs. In the present stud. for 
example, almost no forgetting was founc ver 
a 15-sec. retention interval filled with int- ‘er- 
ing tonal stimuli. Bachem (1954) found | sat, 
when they were able to encode the s: .uli 


verbally, absolute pitch Ss performe ac- 


curately with retention intervals of up to ` wk, 

On the other hand, a number of s «lies 
have shown that information in the s -ory 
trace mode is lost rapidly, and that ati: pts 
to rehearse the items are relatively inet! cual 
(Massaro, 1970b; Wickelgren, 1966). "or- 


getting in the sensory trace mode occu 
the mere passage of time (Harris, 1952; ©. A. 
Siegel, 1972), but the presence of inter; 
sensory stimuli in the retention inte: 
highly interfering (Massaro, 1970a; W. gel. 


1972). An interpolated verbal memor isk, 
however, has relatively little effect Ss’ 
memory for pitch (Deutsch, 1970). 
The processing of frequency informat by 
Ss with absolute pitch appears similar the 
100 
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Ficure 4. Percent correct as a function of the 
retention interval. (The pitch separation between 
the standard and comparison tones was one semitone 
Abbreviation; AP = absolute pitch.) 
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way in which most of us encode complex verbal 
material. Presentation of the stimulus results 
in the formation of a raw sensory trace from 
which information is lost within a few seconds, 
unless S is able to recode it and rehearse it 
verbally (see Neisser, 1967). Such verbal cod- 
ing is easily accomplished for stimuli such as 
words or alphanumeric characters, and even 
for many visual patterns (Glanzer & Clark, 
1964). However, for most of us, stimuli drawn 
from simple sensory continua, such as pitch or 
loudness, have virtually no reliable, easily 
rehearsable associations. For this reason, 
these materials have been characterized as 
ultra-low meaningful (Siegel & Siegel, 1972) 
and subject to the rapid forgetting that is 
typical of the sensory trace mode. Whatever 
verbal coding does occur with such items is 
thought to be relatively imprecise and depen- 
dent on the context established by other tones 
presented during the course of the experiment 
(Durlach & Braida, 1969). 

Possessors of absolute pitch, on the other 
hand, report that their labeling of tones varying 
in pitch occurs on an absolute basis, in much 
the same way that they categorize letters, 
words, or common objects. Unpublished 
studies in the author’s laboratory suggest that 
they prefer to use the standard note names, 
e.g, Ap, C£, as categories, and their use of 
such labels is virtually unchanged when con- 
textual cues are altered. Moreover, for most 
such individuals, the mapping of note names 
onto the frequency continuum is just precise 
vnough to allow them to encode semitone differ- 
ences (J. A. Siegel, 1972; Van Krevelen, 1951). 
The latter finding accounts nicely for the fact 
that, in the present studies, absolute pitch Ss 
abandoned the verbal coding strategy when the 
"ifference between the standard and compari- 

. was substantially less than a semitone. 

Apparently, then, most individuals with 
absolute pitch have learned just enough about 
tone frequency so that they can distinguish 
notes of the Western musical scale with a high 
degree of accuracy. The mapping of musical 
note names onto the frequency continuum is 
arbitrary, and it is unlikely that absolute pitch 
Ss are born with a set of neural analyzers tuned 
to the frequencies of the present version of the 
Western musical scale. Their ability to label 
tone frequencies is not correlated with pitch- 
discrimination performance or short-term mem- 
ory for pitch (Oakes, 1955; J. A. Siegel, 1972). 
Moreover, they demonstrate superior memory 
performance only under conditions where they 
can use their prior knowledge about the musical 
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scale to encode the stimuli verbally. Although 
recent research demonstrates that pitch-label- 
ing ability may be greatly improved with prac- 
tice (Brady, 1970; Cuddy, 1968), the question 
remains as to how the mapping of note names 
onto the frequency continuum is acquired by 
individuals with absolute pitch, and why this 
ability is lacking in most trained musicians, 
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PROACTIVE INTERFERENCE IN SHORT-TERM RETENTION 
AND THE MEASUREMENT OF DEGREE OF LEARNING: 
A NEW TECHNIQUE! 
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In three experiments Ss were presented with successive free-recall lists to ex- 
amine proactive interference effects and changes in degree of learning in a 
short-term retention task, Recall was relatively constant across lists for the 


immediate recall groups. 


For the delayed recall groups, recall decreased 


from the first to the second list and was relatively constant thereafter. 
With the technique used it is possible to obtain estimates of the degree of 
learning of a short-term retention task that are not confounded by ceiling 


effects. 


Applications of this technique are discussed with regard to deter- 


mination of the locus of the Wickens’ release from proactive interference effect. 


One of the most common tasks presently 
in use for the study of memory for verbal 
material over relatively short retention in- 
tervals (those measured in seconds) is the 
Brown-Peterson distractor task (Brown, 
1958; Peterson & Peterson, 1959). In this 
task S is presented with a triad of either 
letters, digits, or words for study; he is 
then required to perform some distractor 
task during the retention interval (usually 
counting backward by threes from some 
specified number); and finally he is asked 
to recall the triad. The finding that is of 
most direct theoretical relevance to the 
present study is that, given a constant 
retention interval, the probability of recall 
is some decreasing function of the number 
of previously presented triads (e.g., Keppel 
& Underwood, 1962; Wickens, 1970). 

'These proactive interference effects in 
short-term memory have been interpreted 
theoretically in the same manner as have 
proactive effects in long-term memory. It 
was assumed that during the retention 
interval following the presentation of a 
triad, associations from previously pre- 
sented triads recovered and, at the time 
of recall, these associations competed with 
the to-be-recalled triad, producing inter- 
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The greater the number of these 
prior-presented triads, the greater the 
interference, and hence, the lower the 
probability of recall. Hawkins, Pardo, and 
Cox (1972) recently found evidence to 
support this interpretation using a recog- 
nition test variant of the Brown-Peterson 
task. Other investigators (Dillon, 1973; 
Petrusic & Dillon, 1972) have failed to find 
support for this notion and instead have 
argued that the decrement in recall is 
produced by processes occurring at the 
time of learning rather than at the time of 
recall. Specifically, they have argued that 
the degree of learning of triads presented 
early in a series is greater than that of 
those presented late in a series. 

The major problem with proposing de- 
gree-of-learning differences as responsible 
for the recall decrements as a function of 
the number of prior items in the Brown- 
Peterson task is that it is extremely diffi- 
cult, if not impossible, to determine this. 
degree of learning accurately (Keppel, 
1965). Estimates of the degree of learning. 
are normally obtained by giving an im- 
mediate recall test following the learning 
trial. If this procedure were used in the 
Brown-Peterson task, all of the estimates 
of the degree of learning would be at or 
near 10095. As Keppel points out, while 
it is easy to conceive of differences in the 
degree of learning for items which are all 
recalled perfectly, such differences cannot 
be measured because of the ceiling effect. 


ference. 
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Given that a meaningful theoretical ques- 
tion can be asked as to whether the delete- 
rious effects of prior items on the recall of 
an item occur at the time of input or at 
the time of recall, it seems critical to devise 
a procedure that will allow for a meaning- 
ful independent estimate of the degree of 
learning. The present experiments can be 
viewed as an attempt to devise a procedure 
of this type. 

In devising this new procedure, an at- 

tempt was made to retain many of the 
characteristics of the Brown-Peterson task, 
while allowing for accurate estimates of the 
degree of learning. Insofar as the major 
deterent to these accurate estimates was 
the presence of a ceiling effect, it was 
decided that the easiest way to eliminate 
this problem would be to increase the task 
difficulty. The strategy used to increase 
the difficulty was to increase the number 
of items presented on each trial from 3 to 
10. For half of the Ss in the first experi- 
ment, recall was taken immediately follow- 
ing the presentation of each list. For the 
other half, recall was taken following a 
4-sec. retention interval after each list 
presentation. All Ss received six lists. 
- The first experiment was intended pri- 
marily to determine whether there were 
Systematic differences in the degree of 
learning of the successive lists as evidenced 
by the immediate recall Ss, as well as to 
determine whether there were proactive 
interference effects when a retention inter- 
val followed each list presentation. If 
recall decreases across lists in the immedi- 
ate recall group, and if these decreases 
parallel those found in the delayed recall 
groups, then the proactive interference 
effects can be accounted for on the basis 
Ji degree-of-learning differences, lf, on 
he other hand, the recall decrements in 
he delayed recall group are more pro- 
lounced than those in the immediate recall 
roup, then the proactive interference 
ffects could not be accounted for com- 
letely on the basis of differences in the 
egree of learning of successive lists. 
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EXPERIMENT I 
Method 


Lists. Six 10-item lists were constructec 
pool of five-letter words with Thorndi! 
(1944) frequencies ranging 11-19 on the ( 
Words were assigned to lists randomly v 
restrictions that no two words in the s 
begin with the same first letter and that 
appear in more than one list. Each list w 
onto a slide in two columns of five words e: 
Ss received the same six lists with the ord: 
presentation being determined by four rep 
of a 6 X 6 Latin square. 

Design and subjects. There were four i 
dent groups formed by the factorial combi; 
the two variables, length of the retention 
(RI) following each list presentation (RI 
and length of the intertrial interval (TI) 
recall and subsequent presentation of : 
study list (ITI = 0 or 4). The ITI m: 
was included to determine if list discri tion 
might influence the presence or absence oí rec- 
of-learning differences with immediate : , or 
proactive interference effects with delay: call, 
Twenty-four undergraduate students, par ting 


ma 
orge 
unt, 
the 
list 
word 
yped 
All 
list 
ions 


pen- 
n of 
‘rval 
or 4) 
ween 
next 
ition 


in the experiment to fulfill a course requ ent, 
were assigned to each of the four groups ding 
to a block-randomized schedule, for a total j Ss, 

Procedure, Each .S was told that he i be 
presented with several lists of words and his 
task was to remember as many of the w rom 
each list as possible. Those Ss who recali each 
list immediately and who were given no in. -trial 
interval (RI-0/ITI-0) were told that imn itely 
after the brief study period (10 sec.), ti» word 
recall would appear on the screen and at th: time 
they were to recall aloud as many of the woro. ‘rom 
the immediately preceding list as possible. They 
were given 10 sec. for recall, As soon as the :ecall 
period ended, the next list was presented, a» i this 
cycle was repeated for all six lists, The procedure 
was similar for those Ss having immediate vecall 
and a 4-sec. ITI (RI-0/ITI-4), with the exception 
that these Ss were told that following each recall 
period they would be shown a slide with the num- 


bers 1-9 printed on it in a random order and that 
they would be required to read each digit aloud 
and that they would have only 4 sec. to read all ` 
nine digits. Those Ss having delayed recall and no 
ITI (RI-4/ITI-0) were given 10 sec. for study, the 
digit reading task described above for 4 sec., and 
recall for 10 sec.; the next list was presented im- 
mediately. Finally, those Ss having both delayed 
recall and a 4-sec. ITI (RI-4/ITI-4) were given 10 
sec. for study, digit reading for 4 sec., recall for 10 
sec., and digit reading for 4 sec.; then the next list 
Was presented. All Ss were told that no word would 
be repeated from an earlier list, and that at recall 
they Were to try to recall only words from the 
immediately preceding list, but they were encour- 
aged to guess if they were unsure. All materials 
were presented to S on a rear-projection screen 
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TABLE 1 


PROBABILITY OF RECALL AS A FUNCTION OF 
ORDINAL POSITION FOR THE Four INDE- 
PENDENT GROUPS IN EXPERIMENT I 


Ordinal position 


Group 
1 2 3 4 5 6 


443 | .41 | .39 | .43 
142 1.50 | .45 | .47 
:29- |..23-|..32..].126 
30 | .30 | .32 | 133 


ITI-0/RI-0 | .47 | .41 
ITI-4/RI-0 | (51 | 47 
ITLO/RI-4 | 43 | 26 
ITI-4/RI-4 | 41 | 132 


Note. In group names, RI — retention interval, ITI — in- 
tertrial interval, and the number indicates duration, mea- 
sured in seconds. 


through the use of a Kodak Carousel slide projector 
with the time intervals controlled by a peripheral 
timing device. 


Results 


The probability of recall as a function of 
the ordinal position of the list is presented 
in Table 1 for each of the four independent 
groups. All recall probabilities to be re- 
ported in this paper represent transforma- 
tions of means based upon an arcsin trans- 
formation of the recall scores. The first 
point to note in Table 1 is that recall de- 
creased across lists, at least slightly, in 
all four groups, with recall of the first list 
being the highest in each group. Next, it 
can be seen that recall in the delayed recall 
groups (RI-4) was consistently less than 
that in the immediate recall groups (RI-0). 
Finally, the presence of a 4-sec. ITI en- 
hanced recall slightly, as evidenced by the 
fact that in only 2 of the 12 possible com- 
parisons was recall greater with no inter- 
trial interval than with an intertrial interval. 

Summing over the two retention groups 
and the six ordinal positions, the proba- 
bility of recall was .36 in the IT I-0 groups 
and .40 in the ITI-4 groups, and although 
this difference is small in an absolute sense, 
it is reliable, F (1, 72) = 6.87, p « .05. 
There were, however, no statistically sig- 
nificant interactions of the intertrial inter- 
val variable with either the retention in- 
terval variable or the ordinal position 
variable, or with these two variables to- 
gether. The recall probabilities were .44 
and .31 for the RI-0 and RI-4 groups, 
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respectively, and this difference was re- 
liable, F (1, 72) = 81.55, p < .01. 
Summing over the four independent 
groups, the recall probabilities across the 
six ordinal positions were .45, .36, .36, .36, 
-37, .37, with the overall decrease being 
statistically significant F (5, 360) = 8.22, 
p «.01. In addition, the rate of decrease 
was greater for the RI-4 groups than for 
the RI-0 groups, F (5, 360) = 2.72, p < .05. 
Given that the overall effect of the inter- 
trial interval variable was quite small and. 
that there were no interactions of this 
variable with the other variables of inter- 
est, and given that the primary purpose of 
this experiment was a determination of the 
recall probabilities on immediate and de- 
layed recall tests as a function of successive 
list presentations, it was decided to com- 
bine the two intertrial interval groups at 
each retention interval. The probability 
of recall as a function of list position for 
these two groups is plotted in the left 
panel of Figure 1. Certain additional 
analyses of these data were done, and it 
should be pointed out that these analyses 
were dictated by the nature of the results 
rather than by any a priori considerations. 
As can be seen in Figure 1, the difference 
between List 1 recall and the average recall 
of Lists 2 through 6 was greater for the 
RI-4 group (.42 vs. .29) than for the RI-0. 


PROBABILITY OF RECALL 


Re 6,9,12 sec. wd 


Experiment 1 Experiment 1 


DISP a lease Wa een 


ORDINAL POSITION 


FIGURE 1. Probability of recall as a function of 
length of the retention interval and ordinal position 
for groups in Experiments I and II. (Abbreviation: 
R = retention interval.) 
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group (.49 vs. .44), F (1, 360) = 7.13, p < 
.01. When tested separately, the decre- 
ment in recall from List 1 to List 2 was 
significant for both the RI-4 group, F 
(1, 46) = 3419, p < .01, and the RI-0 
group, F (1, 46) = 4.56, p < .05, although 
“one might wish to consider the latter effect 
as of borderline significance in light of the 
_ post hoc nature of the analyses. Summing 
- over the two retention intervals, the proba- 
bility of recall did not differ for the second 
through the sixth ordinal position. Also, 
there was no difference in the recall across 
Positions 2 through 6 for the RI-0 as 
opposed to that for the RI-4 groups. 
The following conclusions seem to be 
warranted by the above analyses. For 
both immediate and delayed recall, the 
largest decrement across list positions oc- 
curred from the first to the second list. 
_ This decrement was greater when delayed 
recall was given. Beyond this decrement, 
there was little change in recall probabili- 
ties across list positions. 
Analysis of the intrusion data indicated 

a greater number of interlist intrusions in 
the delayed recall groups. Also, these in- 
trusions came primarily from the immedi- 
ately preceding list, These intrusion data 
re of little interpretive value, however, 
ze insofar as they represent a mean of slightly 
.. more than 1 intrusion for each S across the 
five lists, or about .2 intrusions per list 
paper... 


Discussion 

The results of the first experiment indicate 
that when Ss were given immediate free-recall 
tests following each of six successively pre- 
sented lists of 10 items, there was only a 
slight decrease in the degree of learning of the 
second list and essentially no change across 
Lists 2 through 6. When recall of each list 
was taken after a 4-sec, RI, there was a 
marked decrease in the overall level of recall 
relative to the immediate group, as well as a 
sharp drop in recall from the first to the 
second list, but again, no noticeable change in 
recall across Lists 2 through 6, The presence 
of proactive interference in the delayed recall 
groups is comparable to the findings of Keppel 
and Underwood (1962), and the fact that 
the decrement is most pronounced from the 
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first to the second list and relatively c 
thereafter is similar to the findings o! '.oess 
(1964). . 

The similarities just described, wh not 
totally unexpected, are somewhat su: ising 
in that both of the earlier studies cit’ em- 
ployed the Brown-Peterson task, wl in- 
volved the recall of trigrams, while the sent 
study involved successive free-recall list f£ 10 
low-frequency words. Nonetheless, the- -imi- 
larities were sufficiently striking to warr fur- 
ther investigation using this new tec! ique. 
The next question raised was whethe. with 
this new task, proactive interferenc: ects 
would increase with increasing length the 
retention interval, as has been found « the © 
Brown-Peterson task (Keppel & Und ood, 
1962). The second experiment was d. iyned 
to try to answer this question. 

As stated in the introduction, th: ison 
for developing the technique employer’ . the 
first experiment was to allow for an esi tion 
of degree of learning in studies of sho term 
retention which would be unconfou: by 
ceiling effects. The strategy employed is to 
increase the task difficulty by increa the 
length of the list to be recalled. W) this 
approach eliminated the problem oí ling 
effects, there was some indication, e ially 
in the delayed recall groups, that t task 
difficulty was increased to the extent í the 
level of recall was too low. Inthatasor what 
steady state of recall may have been r hed, 
decreases beyond this level may be difh It to 
produce. Therefore, it was decided t in 
the subsequent experiments the list ' ngth 
would be reduced to eight items, while nain- 
taining the 10-sec. presentation time. Also, 
it was decided to increase the number «:/ lists 


presented to each S from six to eight in order 
to determine if the relative constancy ir. recall 
across Lists 2 through 6 for both the immediate 
and delayed groups in the first experiment 
would continue for Lists 7 and 8. 


EXPERIMENT II 
Method 


Lists. Eight eight-item lists were constructed 
from the same pool of words and with the same 
restrictions as in Experiment I. Each list was 
typed on a slide in two columns of four words each. 
All Ss received the same eight lists, with the order 
of list presentation being determined by 24 random 
sequences of the digits 1-8. 

Design and subjects. There were five independent 
groups, defined by the length of the retention in- 
terval (RIs of 0, 3, 6, 9, or 12 sec.). The twenty- 


tant 


` 


i 
l 
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four undergraduate students participating in the 
experiment to fulfill a course requirement were 
assigned to each of the five groups according to a 
block-randomized schedule, for a total of 120 Ss. 

Procedure. The procedure for this experiment was 
the same as that for Experiment I with three excep- 
tions. First, there was a constant ITI of 3 sec. for 
all retention interval groups. Second, the distractor 
task involved requiring S to read aloud a random 
sequence of the digits 1-8 in 3 sec., with the number 
of these number-reading tasks varying depending 
on the length of the interval to be filled (e.g., for 
RI-3, S was given one sequence; for RI-12, S was 
given four sequences). Finally, all Ss were given 
3 sec. of digit reading prior to the presentation „of 
the first list. 


Results 


The probability of recall for each of the 
‘ive retention interval groups as a function 
of list position is presented in Table 2. As 
can be seen in this table, recall in the im- 
mediate group was superior to that in any 
of the delayed groups. There was no 
evidence for any decrement in the degree 
of learning across lists in the RI-0 group; 
if anything, recall was slightly increasing. 
Except for List 8, recall in the RI-3 group 
might best be described as relatively con- 
stant across list positions. For the RI-6, 
RI-9 and RI-12 groups, however, there 
was evidence for a decrement in recall 
across list positions. It will be remembered 
that Lists 7 and 8 were included in this 
experiment to determine if the constancy 
in recall found in Experiment I would 
maintain itself over additional ordinal 
positions. This constancy was clearly ab- 
sent, particularly between Lists 7 and 8 
for Groups RI-3, RI-6, and RI-9, Un- 
fortunately, the changes in recall that did 
occur were not systematically related to 
the length of the retention interval and 
therefore did not lend themselves to any 
obvious interpretation. 

For purposes of statistical analysis it 
was decided to examine only those list 
positions that were comparable to those 
in Experiment I, and the data for the 
comparisons to be reported are summar- 
ized in the right panel of Figure 1. The 
first of a series of planned comparisons 
revealed that the probability of recall 
summed over the six lists in the RI-0 


TABLE 2 


PROBABILITY OF RECALL AS A FUNCTION OF ORDINAL 
PosrrioN AND LENGTH OF RETENTION INTER- 
VAL (IN SEC.) IN EXPERIMENT II 


Ordinal position 


Retention 
interval 
1 | 2-85] ats 1:76: JO BE 
0 58 | .56 | .62 |.59 | 64] .64 | .65 | .62 
3 47 |.41 ].44 |.45 | 42 | .45 | .48 | 36 
6 44 |.38 |.38 |.33 |.35 |.31 |.31 | 37 
9 48 |.35 |.34 |.31 | .32 | .38 | .39 | 334 
12 44 1.47 |.33 | .32 1.32 |.37 | .36 | .35 


group (.61) was greater than that in the 
combined delayed recall groups (.38), F 
(1, 115) = 75.51, p < .01. The overall re- 
call probability was also greater in the 
RI-3 group (.44) than in the remaining 
three delayed recall groups (37), F (1, 115) 
= 821, p < .01. The level of recall did 
not differ, however, for the RI-6 (.36), 
RI-9 (.36), and RI-12 (.37) groups (F « 1). 
There were no statistically significant in- 
teractions involving the latter three groups 
and the variable of ordinal position and, 
therefore, the single curve in Figure 1 was —— 
used to represent these three groups. 
Finally, as is evident in Figure 1, there 
was an interaction of ordinal position and 
retention interval when all five retention 
interval groups were considered, F (20, 
575) = 12.20, 5 < .01. 

The fact that the level of recall was 
higher in Experiment II than in Experi- 
ment I was to be expected, since the list 
length was changed from 10 items to 8 
items, while maintaining the 10-sec. study 
interval for each list. It was not expected, 
however, that the change in list length 
would change the effect of ordinal position, 
particularly in the RI-0 group. As can be 
seen in Figure 1, it appears that recall in 
the RI-0 groups in Experiment I was, if 
anything, decreasing slightly across lists, 
while for the same group in Experiment Jt 
recall seems to have been increasing slightly 
across lists. It was decided to compare: 
the two experiments directly. Therefore, 
an analysis was done including the variables 
of experiments (I vs. II), retention interval 
(RI-0 vs. RI-4 and RI-3 in Experiment I 
and Experiment II, respectively), and 


ment Il, in which a constant 3-sec. ITI 
was used. 

Summing over the two experiments and 
_ the six list positions, recall in the immediate 
recall groups (.54) was higher than that 
- in the delayed recall groups (.38), F (1, 92) 
And, as stated above, 
recall in Experiment II (.52) was greater 
than that in Experiment I (40), F (1, 92) 
= 83.24, p < .01. Neither the Experi- 
_ ments X Retention Interval interaction 
= (F < 1) nor the Experiments X Retention 
| Interval X Ordinal Position interaction 
F < 1) was significant. It would seem 
that the conclusion to be drawn from the 
combined results of. Experiment I and 
Experiment II is that there 
no change in the 


recall dropped 
from the first to the second list and re- 


"mained relatively constant thereafter. 


were quite comparable to those from the 
| first experiment. 


experiment, the intrusion rate was. simply 
too low to allow for 


Discussion 


of the first two experi- 
en recall of each of a 
ee-recall lists was re- 


Sec. preceded the recall 
the decrease in recall con: 
the first four list positions when the retention 
interval was in the ran 
technique employed in the present experi- 
ments does seem to allow for àn assessment of 
proactive interference effects in short-term re- 


d ng for an 
estimate of the degree of learning that is un- 
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ordinal position (Lists 1 to 6). Only the 
| data'for Ss who had the 4-sec. ITI in 

; Experiment I were used for this analysis, 
because it was felt that these were more 
comparable to the data for Ss in Experi- 


confounded by the ceiling effc. 
present when the Brown-Peter: 
task is used. There is, howeve 
tional methodological issue w 
consideration. 

It is possible that even thou 
successive immediate recall tests « 
any decrease in recall, the degre: 
for those Ss given successive rec: 
a retention interval was not fair 
by the successive immediate reca! 
other words, successive immediate ; 
not influence the degree of learn: g 
quent lists while successive delavo 
perhaps, would exert an influence « 
of learning of subsequent lists. 
this statement into operational! 
would predict that Ss given a 
recall test following successive 
tests on prior lists would reca: 
Ss given immediate recall tests < 
lists. This prediction was tested 
experiment. 


less! 
the 
thet 


EXPERIMENT III 
Method 


Design and subjects. There were ei; 
dent groups of 24 .Ss with each group ingg 
four free-recall lists. The groups were dif crenti 
on the basis of the length of the retention inti 
that followed the various lists. One grou; wasg 
four successive immediate recall trials (de 
as 0-0-0-0). A second group had a 6 
List 1 and immediate recall for the rem 
lists (6-0-0-0). The third group had 
for Lists 1 and 2 and immediate recall {or I, 
and 4 (6-6-0-0), and the fourth group bad a 
RI for the first three lists and List 4 recall” 
immediate (6-6-6-0). 

e remaining four groups were inc! 
assess the effect of Switching from immedi 
to delayed recall. The comparison group for 
Was a group given four successive delayed (6 
recall trials (6-6-6-6). "The other three groups y 
comparable to the three switch groups jus 
scribed. That is, one group had three delayed 
trials following one immediate recall trial (0- 
one group had two immediate recall trials foll 
by two delayed recall trials (0-0-6-6); and one gro 


indi 


Lists and procedure, 
used in Experiment II 
experiment. 


Four of the eight-item lis 
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two with the lowest recall were eliminated. All Ss 
received all four lists, with the order of list pre- 
sentation being completely. counterbalanced across 
the 24 Ss in each group. The instructions and 
procedure were the same as those for Experiment 
II, with the exception that Ss were instructed 
explicitly that they could be asked for either im- 
mediate or delayed recall of any given list and that 
they should not try to anticipate which type of 
recall they would have during the study interval. 


Reiults 
"The probability of recall for each of the 
eight groups at each of the four list posi- 
tions is presented-in Table 3.- The recall 
levels in the group having four successive 
mediate recall trials (0-0-0-0) were com- 
arable to the corresponding values for 
^» RI-0 group in Experiment II (see 
'? 2). The recall levels for Group 
-6 were not quite as comparable to 
corresponding values for the RI-6 group 
Experiment II, with the greatest dis- 
© »pancies being at List Positions 2 and 4. 
The reason for these discrepancies is not 
o»vious, although slightly different in- 
s "uctions were given in the two experi- 
n nts. Statistically, there was no overall 
d ference in the recall level in the two 
e periments, F (1, 92) < 1; nor was there 
a significant Experiments X Retention 
Interval X Ordinal Position interaction, 
F I yee MER any case, the most 
critical data in Experiment III are those 
on the recall trials when a switch occurred 
from delayed to immediate recall and vice 

versa. 

The recall for those groups switching 
‘om delayed to immediate recall was com- 
iwed to that for the group given four 
successive immediate recall trials. These 
comparisons can be found by examining 
the values on the diagonal from the upper 
left-hand cell to the lower right-hand cell 
of the upper half of Table 3 and comparing 
these values with the corresponding list 
position in Group 0-0-0-0. In each case, 
recall in the switch groups was less than that 
for the corresponding list in Group 0-0-0-0. 
For example, at the second ordinal posi- 
tion, recall was .47 in Group 6-0-0-0 and 
52 in Group 0-0-0-0. The corresponding 
values for comparisons involving Groups 
)-6-0-0 and 6-6-6-0 were .56 vs. .58 and .53 
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TABLE 3 


PnoBaniLITY oF Rec 
POSITION FOR TI 


TION IN 


TERVAL GROUPS 


IN EXPERIMENT III 
Ordinal position 
Group 
——— ÉD 

1 2 3 4 

Delayed /immediate 
0-0-0-0 59 52 58 .60 
6-0-0-0 AD AT 57 56 
6-6-0-0 AD E .56 59 
6-6-6-0 ELI E ET 53 

Immediate/delayed 
-6-6- .39 
0-6-6-6 34 
0-0-6-6 137 
0-0-0-6 22 


vs. .60, respectively. Only the difference 


at Ordinal Position 4 (.53 vs. .60) was sta- 
tistically significant, (46) = 2.44, p < 05. 
It should be noted that for the two groups 
having immediate recall trials after the 
switch trials (Groups 6-0-0-0 and 6-6-0-0), 
recall was higher on the subsequent im- 
mediate recall trials than on the switch 
trial itself. 
that the differences on the switch trials 
may be due to performance factors rather 
than to any difference in the degree of 
learning. Additional support for this notion 
can be found in that the differences be- 
tween the switch groups and € »roup 0-0-0-0 
were not systematically related to the num- 
ber of prior lists that had delayed recall 
tests, as would be expected if the prior 
lists were producing a true decrease in the 
degree of learning. 


Similar comparisons were made to assess 3 
the effects of switching from immediate to 


delayed recall. As can be seen in the lower 
half of Table 3, recall on the switch trials 
was lower than the corresponding recall in 
Group 6-6-6-6 (.47 vs. .39, .39 vs. .38, and 
-39 vs. .22 for the comparison of Group 
6-6-6-6 with Groups 0-6-6-6, 0-0-6-6, and 
0-0-0-6, respectively). As was the case for 
those groups switching from delayed to 
immediate recall, the only statistically sig- 
nificant difference appeared with List 4 
(.22 vs. .39), 1 (46) = 2.64, p < .05. Per- 
formance factors on the switch trial similar 
to those mentioned above may be at least 
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This would seem to indicate 


- partially responsible for these differences. 
The size of the decrement on List 4 seems 
E. to indicate, however, that the proactive 
. interference effects produced by three im- 
- mediate recall trials were greater than 
those produced by three delayed recall 
trials. 1 


- Discussion 


TTwo conclusions seem warranted by the 
results of Experiment III, First, the degree 
of learning of the third or fourth of a series of 
free-recall lists, as evidenced by immediate 
recall, was not drastically different for groups 
having delayed recall of the prior lists as 
compared to a group having successive im- 
mediate recalls. The slight differences found 
- — (about 4%-5%) seem to have been produced 
y by performance factors on the switch trial. 

- Thus, with the present technique, a group 
given successive immediate free-recall trials 
may be used to assess accurately the degree 
of learning for those groups given delayed 
recall in a proactive interference design. 
Second, the proactive interference effects pro- 
duced by three successive immediate recalls 
on the delayed recall of a fourth list were 
greater than those produced by three succes- 
Abd delayed recall trials prior to the fourth 
ist, 


GENERAL Discussion 


— As was mentioned in the Discussion section 
- of Experiment I, the results with the present 
- task were very similar to those previously 
_ found with the Brown-Peterson task (Keppel 
& Underwood, 1962; Loess, 1964). One simi- 
larity that was found in all three experiments 
was that. proactive interference did not con- 
tinue to increase linearly as a function of the 
number of prior lists. In fact, for nearly every 
retention interval the recall was constant 
across the later list positions or increased 
slightly. The interpretation proposed by 
Keppel and Underwood would seem to be 
appropriate here. They contended that any 
proactive interference effects might be counter- 
acted by learning-to-learn effects, If the 
proactive effects dominated, recall would de- 
crease; if learning-to-learn effects predomi- 
nated, recall would increase; and if the two 
effects cancelled each other equally, recall 
would remain constant. The learning to learn 
that might be involved with this task could 
be learning to differentiate the to-be-recalled 
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items from prior list items. A predi. on that 
follows from the above is that the | l-up of 
proactive interference should vary ı func- 
tion of the interlist similarity of : to-be- 
recalled items. h 

This last prediction leads direct!) nto an 
immediate research extension of th. »resent 
technique. Wickens (1970) has sho that, 
with the Brown-Peterson task, rele: + from 
proactive interference is a functio: of the 
similarity of the release-trial item. o the 
prior-list items. It would be expect then, 
that with the present task, the bui- -up of | 
proactive interference would have bee :reater 
had items from the same concep class 
been used for each list rather tha 1e un- 
related words actually used. More ically, 
however, it would be possible to : rmine 
with the present technique how mu: of the 
release from proactive interference ect is 
due to differences in the degree of |: ing of 
the release list and how much is d o dif- 
ferences produced solely at the time . layed 
recall. 

This would be accomplished by d: lining 
the difference on the final recall tria tween 
two groups given successive immedi recall 
trials on items from the same concep: | class 
followed by another immediate recall. either 
items from the same conceptual ci. or a 
different conceptual class, This «^ rence 
would then be compared to that betw: n two 


groups given successive delayed reca 

followed by delayed recall of either iter. from 
the same or from a different conceptu:! class. 
If the difference on the switch trial tween 
the two delayed recall groups was «eater 
than the difference between the two immediate 


recall groups, then the release from proactive 
interference would be a phenomenon produced 
at the time of recall. If the differences were 
equivalent in the immediate and delayed recall 
groups, however, then the release from pro- 
active interference would simply be reflecting 
a higher degree of learning for the list from à 


" " 
different conceptual category as compared to 


that for the list from the same category. 
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STIMULUS ENCODING IN A-Br TRANSFER! 
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A-Br transfer was studied in groups which differed in their inducements to 
The nominal stimuli were double-solution five- 
letter anagrams. One group received one solution in parentheses during List 1 
and the other solution in parentheses during List 2. Another group had either 
the first or last letter of the anagram stimulus highlighted in color, with that 
switched between Lists 1 and 2. Relative to an A-Br group with no induce- 
ment to change encodings, only the former of these A-Br groups showed re- 
duced negative transfer in Experiment I. 
throughout both lists does not constitute a good test of the encoding vari- 
ability hypothesis, and Experiments II and III indicated no such reduction 
when the transformational cues were not continuously present. ‘These results 
do not support the recoding corollary of the encoding variability hypothesis. 


change functional stimuli. 


It is commonly observed that negative 
transfer results when Ss are required to 
learn new responses to old stimuli, e.g., 
when the second task involves repairing 
first-list stimuli and responses as in A-B, 
A-Br transfer. The negative transfer is 
generally attributed to interference from 
the List 1 associations. That Ss are often 
unable to recall List 1 associations after 
List 2 is often interpreted as indicating 
that these associations were unlearned so 
that List 2 could be learned. 

However, under some circumstances Ss 
might select new functional stimuli during 
List 2, thus avoiding interference without 
necessitating unlearning (Bryk & Kausler, 
: 1966). Martin (1968) has referred to this 
as the encoding variability hypothesis, 
arguing that the more variable the possible 
encodings for a particular stimulus unit, 

the easier this recoding is to effect. En- 
coding variability should be inversely re- 
lated to meaningfulness, but it can be 
scaled in other ways as well (e.g., Butler 

& Merikle, 1970). While Martin (1971) 
has argued in favor of the maintenance of 
List 1 associations rather than unlearning, 
the evidence is not unequivocal (Ellis, 1973; 
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However, the presence of cues 


Postman & Underwood, 1973). pres- 
ent experiments were concerned h re- 
ducing negative transfer by recodin; muli, 
but not with manipulating encodi vari- 
ability as an attribute of the mate: >. In 
particular, we were interested in icing 
Ss to select new encodings given t the 
stimulus materials permitted recod 

The procedures most directly ro ed to 
the present research involve "for. <" Ss 
to change functional stimuli. Ti : pro- 
cedure seems important, since Ss o not 
always change encodings sponta: ously, 
even in the face of interference (e.g., ‘ oggin 
& Martin, 1970). Williams and : nder- 
wood (1970) attempted to gain dirs: : con- 
trol over Ss’ encodings by using a tec!inique 
developed by Rabinowitz and Witte (1967). 


Since Ss often select a single letter «s the 
functional cue when the stimuli are low in 
meaningfulness (cf. Richardson, 1971), the 
first letter might be printed in a special 
color during List 1, with some other letter 
similarly highlighted during List 2. If Ss 
do use the new component in List 2, then 
List 2 could be learned without interference 
from responses elicited by the old func- 
tional stimuli. However, Williams and 
Underwood found no evidence of differ: 
ential transfer when fractional functional - 
stimuli were manipulated in this manner: 
While Ss often select a single letter as à 
functional cue, it seems likely that other 
encodings are possible, and the failure to 
account for these alternatives may be part 
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he reason that earlier studies have not 
ways found benefits due to recoding. Our 
oncern is with the possibility that Ss may 
ransform the nominal stimulus as well as 
fractionate it, e.g., as when SS transforms 
the trigram uss into the word BUS. Low- 
meaningfulness stimuli should actually 
allow several such transformations, using 
all of the letters or some subset, and in 
terms of the encoding variability hypothe- 
sis, Ss might switch from one transforma- 
tion to another to avoid interference and 
unlearning. Both transformation and frac- 
tionation can be distinguished, at least con- 
ceptually, from elaborative encoding. The 
former refers to changes involving primarily 
the stimulus terms, while the latter refers 
to changes that involve the combination 
of the stimulus and response terms in each 
pair, e.g., a compound image or phrase in- 
volving the particular materials. Elabora- 
tive encodings also seem relevant to 
the encoding variability hypothesis (e.g., 
Davidson, Schwenn, & Adams, 1970; 
Lesgold & Goldman, 1973), especially in the 
sense that response characteristics may help 
Ss select functional stimuli (Davis, Brown, 
& Ritchie, 1968), but such encodings are 
beyond the scope of the present report. 
Underwood and Erlebacher (1965) noted 
that transformations of low-meaningfulness 
items (anagrams) into high-meaningfulness 
items (solution words) might be somewhat 
helpful for the response terms of a paired- 
associate list, but that a source of off- 
setting interference could be in decoding 
the item into its nominal form in order to 
respond correctly. This procedure seems 
adaptable to the stimulus terms of paired- 
associate lists also, without the attendant 
interference from decoding. The decoding 
problem is neutralized, since Ss need only 
recognize one stimulus as different from 
the others in order to perform correctly, 
and need not reproduce the stimulus item 
for recall. Underwood and Erlebacher’s 
fourth experiment did in fact consider such 
transformations for the stimulus terms, 
but only for single-list acquisition, and not 
from an encoding variability perspective. 
By using a specific type of stimulus 
unit, namely, double-solution anagrams, the 


present experiments investigated changing 
transformational encodings as well as frac- 
tional encodings in A-Br transfer. The 
nominal stimuli (anagrams) were the same 
across A-Br groups, but inducements to 
recode for the second task were different. 
As one inducement, the Williams and Under- 
wood (1970) color-highlighting procedure 
was used. This provided a useful replica- 
tion of their experiment, and allowed some 
comparison of the magnitude of reduced 
negative transfer due to changed fractiona- 
tions relative to changed transformations. 

The transformational inducement to re- 
code can be illustrated by an example. On 
List 1, S might see APHSE (PHASE)-8 as a 
pair, where one solution is shown in 
parentheses as a part of the stimulus unit. 
This should encourage S to learn PHASE-8 
rather than APHSE-8. Then on List 2 the 
other solution would be shown in paren- 
theses, namely, APHSE (SHAPE)-5. In this 
way, Ss can be induced to use particular 
transformations and switch them to known 
alternatives. Groups with fractionation 
and transformation inducements to encode 
could then be compared to a regular A-Br 
group which had only the five-letter ana- 
gram units as the nominal stimuli in both 
tasks, with no extra cues. 

In view of the conflicting findings on the 
recoding corollary of the encoding varia- 
bility hypothesis, it seems of interest to 
examine the role of transformational en- 
codings in such situations. In fact, Martin 
(1971, p. 330) expressed some concern about 
the need to go beyond the conception of 
functional stimuli in terms of single letters 
(see also Martin, 1972). Perhaps trans- 
formational changes would be more com- 
mon or more spontaneous than fractiona- 
tions. The following experiments were 
directed to this question, and differed pri- 
marily in the degree to which the induce- 
ments to encode in a particular way 
remained available to Ss. To the extent 
that the extra cues must remain available 
to reduce negative transfer, then the encod- 
ing variability interpretation seems weak- 
ened, since the two lists do not really in- 
volve nominally identical stimuli. Experi- 
ment I provided some Ss with extra cues 


TABLE 1 


PERFORMANCE MEANS AND STANDARD DEVIATIONS 
(IN PARENTHESES) FOR ALL PHASES OF 
EXPERIMENT I 


, Measure A-Br | A'-Br | A*-Br | C-B 

List 1 total errors 98.25 | 73.92 .17 | 68.42 
(37.24) | (33.69) | (52.36) | (31.36) 

3 List 2 total errors 61.08 | 44.42 | 30.00 | 30.50 
i (28,19) | (16,87) | (15.47) | (12.02) 
" Errors on the first two 

: trials of List 2 1617 | 17.00 | 13.08 | 14.42 
(2.41) | ( 2.22) | (4.46) | C2:90) 

Transfer score 23.61 | 20.78 42 | 35.17 
(18.10) | (19.43) | (17.10) | (19:22) 

List 1 recall 5.5 15 3.08 | 6.42 
i (3.37) | ( 2.77) | ( 2.47) | ( 2.68) 


Note, A'-Br was the A-Br group with single letters highlighted 
in color, and A*-Br was the group shown the solution words 
throughout each list. 


throughout each list, in order to maximize 
any recoding effects, while Experiments II 

and III provided the extra cues only on 
Trial 1 of each task. Since the latter con- 

ditions more closely approximate nominal 

stimulus identity on Lists 1 and 2, they more 
= rigorously test the recoding assumption, 


EXPERIMENT I 
Method 


Design and subjects. Four different groups were 
involved, three A-Br groups, which differed in the 
type of encoding inducement, and a C-B control 
group. Forty-eight students from introductory 
psychology served as Ss, in partial fulfillment of 
course requirements. 
Materials. 
rom those used by Mayzner 


basic lists were formed: 
(A-B re-paired), and a C-B list with new stimuli. 


responses, 
. use a C-B list as a control rather than a C-D list 
(see Martin, 1968). Each list was arranged into 
three random orders for presentation, 
list was learned last i 
variation accomplished by different first lists, 
Procedure. method was used 
throughout, with Trial 1 serving as a guessing trial, 
Lafayette memory 
drum at a 2:2-sec. rate of Presentation, with an 
c Learning was to a cri- 
terion of one errorless trial on each task, 
One of the A-Br. groups received no extra cues, 
Another of the 
A-Br groups, to be symbolized A'-Br, was similar 
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to the Williams and Underwood (1555) group, 
This group had five pairs with the first | ters high- 
lighted in red and five pairs with the st letters © 
highlighted during List 1, with these th switched 
so that the pairs that had their first | ors high- 
lighted on List 1 had their last letters shlighted 
on List 2, and vice versa. The third ^ ^r group, 


symbolized A*-Br, received transforma 
During List 1, the A*-Br group r: 
(randomly determined) of the two possi! 
to each anagram in parentheses beside : 
stimulus for each pair during both antic 
study periods. During List 2, the A* 
received the other solution for each « 
parentheses. However, the A-Br and A* 
received no specific instructions about t: 
about switching encodings: Ss were : 
that "some additional information will 
with the five-letter nonsense unit whi 
helpful." In both cases, the extra cues w 
throughout each task, as was done by W 
Underwood for the highlighted arrangem 
both cases the basic pairings of ana 
numerals were the same across groups. 
Ss learned a list comparable to the | 
group, with no extra cues. All four gt 
then switched to the same A-B list as t! 

Although the primary thrust of this : 
was transfer, the unlearning of List 1 
was also of interest. Accordingly, all 
a modified modified free-recall test i 
following List 2, with the nominal stin: 
listed on a sheet of paper and $s instruct: 
the first- and second-list response for 
This test was unpaced. 


h one; 


Results 


List 1 performance. Table 1 suminarizes 
the performance of each group on both 
lists. Although there was some tendency 
on List 1 for the groups with extra cues t0? 
perform better than the regular A-Br 
group, though still worse than the C-B 
group, the differences in total errors be- 
tween the four groups were not significant, 
F (3, 44) = 1.36, { 

List 2 performance. List 2 total errors 
revealed a significant difference, however; 
as the regular A-Br group performed 
notably worse than the other three groups t. 
F (3, 44) = 7.06, p < .001. A Duncan's 
test indicated that the A*-Br and A'/-Br 
groups did not differ significantly from each 
other or from the C-B group, while the 7 
regular A-Br group was significantly worse 7 - 
(b < .05) than all others. 

A further analysis of the early trials of ; 
List 2 seemed advisable, however, since 
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‘ch performance most clearly reflects the 
esult of transfer rather than subsequent 
learning (Postman, 1971). An overall dif- 
ference was again present for the errors on 
the first two trials of List 2, F (3, 44) = 
3.80, p < .025. As for total errors, the 
A*-Br and C-B groups did not differ sig- 
nificantly from each other, but were su- 
perior to the A'-Br and regular A-Br 
groups, which did not differ from one 
another, 

Transfer scores. A transfer score was 
computed for each S according to the fol- 
lowing formula: (List 1 errors — List 2 
errors) divided by (List 1 errors + List 2 
errors) multiplied by 100. This percentage 
transfer measure is shown in Table 1, and 
it revealed a group difference also, F (3, 44) 
4.84, p < .01. A Duncan's multiple 
range test revealed that the A'-Br, A-Br, 
and C-B groups did not differ significantly 
from one another, but A'-Br and A-Br 
were significantly worse than the A*-Br 
group (p « .01), which did not differ from 
the C-B group. 

Recall. The List 1 recall data indicated 
that there was a significant overall differ- 
ence between groups, F (3, 44) = 4.91, 
p «€ 01. In this case, the A-Br and C-B 
groups did not differ from one another, 
but each recalled more than the two groups 
with extra cues during learning, which were 
comparable. The reason for this depressed 
recall, when the recoding hypothesis pre- 
dicts increased recall, seems likely to be 
the manner of testing for List 1 recall. The 
recall stimuli were the nominal stimuli, 
without the extra cues (highlighting or 
solution words). Thus, Ss in the A'-Br 
and A*-Br groups were deprived of the 
cues present during learning, and appar- 
ently these Ss were unable to recover them 
from the nominal cues, even though the 
test was unpaced. Alternatively, the fact 
that two solutions were possible may have 
led to some interference in recall, in the 
manner of the stimulus-competition hy- 
pothesis proposed by Solso (1968). In any 
event, the List 1 recall results seem equivo- 
cal in regard to unlearning. 


SECO LORS 


IN A-Br TRANSFER 


Discussion 


The transfer scores and the early trials of 
List 2 clearly indicated that the extra trans- 
formational cues aided performance relative 
to the other two A-Br groups, rendering this 
group comparable to the C-B control. The 
data also replicated the finding of Williams 
and Underwood (1970) in that the highlighted ` 
cue change did not reduce negative transfer 
relative to the regular A-Br group. 

While it is true that the transformational — 
cuing did reduce negative transfer, this result — - 
can probably be best explained without re- 
course to the encoding variability hypothesis. 
It can be argued that it indeed should have 
happened since the parenthetical material was 
truly a C-B paradigm in fact, with each pair 
of solutions as the A and C terms, This is 
especially true since the solution words were 
always available with the nominal stimuli, 
Given this actual presence, Ss likely used the 
more meaningful components as their func- 
tional stimuli (cf. Richardson, 1971), and 
actual active transformations may not have 
been necessary. This initial experiment seemed 
required as a first step, but it constitutes, at - 
best, the weakest possible test of the recoding 
hypothesis. 

A more demanding test would require that 
the extra cues not be present throughout 
learning. If the recoding corollary is to have — | 
any general value, the results of Experiment I _ 
must be replicated under conditions which 
more closely resemble conventional proce- 
dures. Experiment II provided a test of this — 
notion, with the cues being shown only on the 
very first trial of each task, with the cued 
groups then treated exactly like the regular 
A-Br group thereafter. This would require — 
that Ss actively make such transformations 
(or fractionations) after Trial 1. The fact 
that the cued groups in Experiment I seemed 
unable to retrieve the functional cues from the 
nominal stimuli on the unpaced recall test 
may suggest that Ss have difficulty doing this, 
However, it seemed that this procedure should - 
be evaluated, and Experiment II was con- 
ducted for this purpose. 


EXPERIMENT II 
Method 


Experiment II used exactly the same lists and 
general procedures as Experiment I, with one ex- 
ception. On Trial 1 of each task, Ss in the A -Br 
and A*-Br groups saw what these groups in Experi- 
ment I saw throughout each list. After that, how- 


TABLE 2 


3 PERFORMANCE MEANS AND STANDARD DEVIATIONS 
x (IN PARENTHESES) FOR ALL PHASES OF 
EXPERIMENT IT 


Measure A-Br | A'-Br | A*-Br | C-B 
List 1 total errors 81.83 91.92 | 105.83 84.50 
p (41.47) | (34.25) | (54.78) | (29.57) 
List 2 total errors 52.75 | 55.00 | 56.83 IS 
(25.97) | (20.94) | (25.08) | (10.45) 
| ud xov pod 15.67 16.42 17.00 15.33 
trials. E X E 5 
pa ( 2.81) | C 1,88) | C 1.81) | (2.02) 
‘Transfer score 9.65 | 24.36 | 28.69 | 45.82 
(26.60) | (18.17) | (12.61) | (10.23) 
List 1 recall 5.42 5.67 6. 8.58 
( 1.98) | ( 2.67) | ( 2.91) | ( 1.88) 


, Note, A'-Br was the A-Br group with single letters high- 
- lighted in color, and A*-Br was the group shown the solution 
-. words on the first trial of each list, 


ever, these Ss were switched to the same window 
- on the memory drum as the regular A-Br Ss and 
saw only the nominal anagram stimuli. The design 
was identical, with six men and six women in each 
of the four groups. 

The recall test was as before for the regular A-Br 
and C-B groups, but the two cued groups went 
. through two phases. First, the cued groups were 
asked to recall the List 1 and List 2 responses for 
each nominal anagram stimulus as in Experiment 1; 
- then when S finished, he was given another sheet 
of paper with the appropriate transformational or 
- fractional cues on it and asked to write down all 
List 1 and List 2 responses that he could recall. If 
the depressed recall for A'-Br and A*-Br in Experi- 
ment I was due to the provision of inappropriate 
retrieval cues, then the second phase of the recall 
test should provide a more accurate picture of the 
availability of List 1 responses when Ss engage in 
such cue selection. The Ss in the A-Br and C-B 
groups were also required to write the responses 
again, to give them a comparable second score. 


| Results 


Acquisition and transfer. Table 2 con- 
tains the performance statistics for Experi- 
ment II. Although there were some dif- 
ferences on the first task, these did not 
reach significance (F < 1) In terms of 
second-list total errors, a significant differ- 
ence resulted, F (3, 44) = 3.84, p < .05, 
as the C-B group was superior to all the 
A-Br groups, while the A-Br groups did 
not differ among themselves, A similar 
outcome is apparent for the transfer Scores, 
computed as in Experiment I, with the 
C-B group superior to the other three, F 
(3, 44) = 480, p < 01. However, the 
number of errors on the first two trials of 
List 2 did not indicate any overall differ- 
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ences between groups, F (1, 3 = 1.4 
There was clearly no recoding nefit fg 
either type of encoding cue. 

Recall. Table 2 indicates tha: ne List 
recall (to the nominal stimuli iS com 
parable for the three A-Br gro but 
three A-Br groups recalled les — ^an tl 
C-B group, F (3, 44) — 4.42 « 0 
This is as would be expected ii e A-Bi 
conditions produced some v -arning, 
though this effect should be "preted 
with some caution since the C-E J A-Bi 
first lists were different in conte: List 
recall when cued Ss were given specia 
cues (not shown in Table 2) did diff 
from their recall to the nomi: timuli, 
If these Ss really were not usin extri 
cues here, then such recall dat nd thi 
transfer results here would be ex; ted. 
Discussion 

Experiment II clearly indicate: at tl 
extra cues on Trial 1 did not prod: ifferei 
tial transfer. In fact, cued Ss wed 
encounter interference during th: t task 
and the early trials of List 2. us, the 
acquisition and transfer data clea: how no 
benefit from the provision of spec © trans 
formations, or the attendant pris. og of 
transforming strategy which shou! ive n 


sulted. Under these circumstances 
expected that the unlearning dat 
indeterminate. 


EXPERIMENT III 


While the results of Experiment [1 seem 
clear-cut, a few Ss remarked in the experi- 
mental debriefing that more time might 
have been of some value. The 2:2-sec. 
rate used here is hardly uncommon in the 
transfer literature, which might imply some 
limitation upon the recoding hypothesis, 
but it did not seem unreasonable to eX 
amine this question further at a slower rate 
of presentation. However, the results fot 
the single-letter manipulation seemed 0 
clear-cut that we did not continue this 
group. Instead, we included a second type” 
of C-B group, one which also received some” 
exposure to the solution words. While the 
critical question is whether the A*-Br group 
is superior to the regular A-Br group, it | 
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cmed of interest to determine the effects 
4 such cuesin the C-B control arrangement. 


Method 


Experiment III involved a 2 X 2 factorial design; 
exposure to solution words on Trial 1 of each task 
(no, yes) and transfer paradigm (A-Br, C-B). 
There were six men'and six women in each cell, 
recruited from summer school classes and paid for 
their participation. 

The basic additional feature of this experiment 
was the added group, symbolized as C*-B. The 
lists were the same ones used in Experiments I and 
II, with the A*-Br and C*-B groups being shown 
the solution words in parentheses only on the 
first trial of each task. The lists were presented at a 
4:4-sec, rate, to a criterion of one errorless trial on 
each task. Other aspects of the learning procedure 
were as in the first two experiments. 

For the first posttransfer recall task, each S was 
shown 10 old anagrams (used in List 1 and/or List 
2) along with 10 new anagrams as distractors; the 
new anagrams were also five-letter double-solution 
anagrams. The 10 old anagrams were those used 
in Lists 1 and 2 for the A-Br and A*-Br Ss, but for 
the C-B and C*-B Ss, 5 were randomly selected 
from List 1 and 5 from List 2, in order to keep the 
same 10 old-10 mew representation, and to also 
require them to give both List 1 and List 2 responses 
as well. (Two forms of the recognition test were 
used, involving the alternative halves of the pos- 
sible anagrams.) All Ss were required to indicate 
which anagrams had been used in the earlier phases, 
and to write beside each old stimulus its List 1 
and/or List 2 response. Each S was then given 
another sheet of paper with the 20 solution words 
for the old anagrams and the 20 words derived from 
the distractor anagrams, and asked to repeat the 
process, 

The uncued Ss were asked following this phase 
whether the solution words they marked as being 
related to the earlier phases of the experiment were 
"discovered" during paired-associate learning or 
solved as solution words during the anagram recog- 
nition phase which they had just had; while a few 
reported having spontaneously generated the word 
solutions during learning, most indicated that they 
had solved them during the immediately preceding 
anagram recognition test. Finally, cued Ss were 
asked to rate the effectiveness of the solution-word 
cues for paired-associate learning. 


Results 


List 1 performance. able 3 provides a 
summary of the results of the third experi- 
ment. Analysis of the List 1 total errors 
revealed no significant effect for cues or 
paradigms, or their interaction (Fs < 1). 
As before, this suggests that Ss were un- 
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TABLE 3 


PERFORMANCE MEANS AND STANDARD DEVIATIONS 
(IN PARENTHESES) FOR THE PAIRED- 
ASSOCIATE Tasks IN EXPERIMENT III 


| A-Br 


Measure A*-Br C-B C*-B 
List 1 total errors 45.83 52.08 43.42 49.67 
(25.55) | (24.02) | (16.47) | (22.10) 

List 2 total errors 30.25 33.42 20.67 
(12.32) | (10:49) | ( 6.80) | ( 9.23) 

Errors on the first two 

trials of list 2 14.00. 15.50 13.83 16.42 
(2.83) | ( 2.07) | ( 2.13) | (1,88) 
Transfer score 20.24 | 19.50 3.71 4.64. 
(23.82) | (14.61) | (13.56) | (21.61) 


Note. A*-Br and C*-B were the groups shown the solution 
words on the first trial of each list. 


able to benefit from the initial exposure to 
the cues, even at a slower rate of presenta- 
tion. If anything, cued Ss were a little 
worse than uncued Ss, as in Experiment II. 

List 2 performance. Analysis of List 2 
total errors revealed significantly more 
errors for the two A-Br groups, F (1, 44) 
= 6.57, p < .025, with no apparent dif- 
ference between the regular A-Br and 
A*-Br groups. There was a marginally 
significant tendency for the cues to lead to 
more errors (rather than fewer), F (1, 44) 
—3.58, p < .10. The Paradigm X Cues 
interaction was not significant (F « 1). 
The errors on the first two trials of List 2 
revealed no significant effect for paradigms 
(F < 1) but cued Ss were worse than un- 
cued Ss, F (1, 44) — 9.84, p « .005, with 
no interaction. 

Transfer scores. The transfer scores, 
computed as noted above, revealed only a 
marginally significant effect for paradigms, 
F (1, 44) = 2.90, p < .10, with no cues 
main effect or Paradigm X Cues interac- 
tion (Fs < 1). In neither case did the 
extra cues lead to greater transfer; if any- 
thing, the cues depressed transfer. 

Recall and recognition. "Table 4 presents 
the posttransfer tests from Experiment III. 
Although the differences were small, the 
two A-Br groups did show better recogni- 
tion of the anagram stimuli, P (1, 44) = 
13.83, p < .001, but there was neither a 
main effect for cues nor a Paradigm X Cues 
interaction (Fs « 1.24). The paradigm 
effect seems clearly attributable to the es- 
sentially doubled exposure which the A-Br 
groups had with the anagrams, and the 
absence of a cues effect is consistent with 
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TABLE 4 


RECOGNITION AND RECALL PERFORMANCE MEANS 
AND STANDARD DEVIATIONS (IN PARENTHE- 
SES): EXPERIMENT III 


C-B 


Measure A-Br | A*-Br 
Anagrams test. 
Re iti 9.92 10.00. 8.92 9,33 
Sis das (29 |C000 | Q0 | Cà» 
> List 1 recall 9; 3 | ei 
x (2:97) |.( 2.23) | (2:56) | (2.88) 
Solution-Word test 
Recogniti: 7.83 11.08 3.08 7.92 
in (7.54) Sor wary Eck 
List 1 it 4.33 = N L 
d (5.02) | (.3.12) | 2.72) (3.24) 


, Note. A*-Br and C*-B were the groups shown the solution 
. words on the first trials of each list. 


the failure of cued Ss to utilize the cues in 
the paired-associate tasks. In scoring the 
List 1 recall data, the recall of C-B .Ss was 
multiplied by two, since only five List 1 
stimuli were used in their test; no signifi- 
cant effects were present (Fs < 1). 
Recognition of the solution words was 
better for the two A-Br groups, F (1, 44) 
= 5.84, p < .025, and better for cued Ss, 
_ F (1, 44) = 6.09, p < .025, with no inter- 
- action (F < 1). The cue effect seems to 
_ indicate the initial exposure to the solu- 
tions, and the correct recognitions by un- 
cued Ss were in part due to solutions ac- 
complished during the anagram recogni- 
tion test. List 1 recall to the solution 
words revealed no significant effects (Fs < 
26). Given the recognition advantage 
for the cued groups, the absence of a List 1 
recall advantage here further supports the 
nonuse of the cues for associative learning. 
Rated effectiveness. The rated cue effec- 
_ tiveness was not reliably correlated with 
the transfer scores for the A*-Br or C*-B 
groups, rs = .49 and —.49, respectively, 
bs < .10. Similarly, the rated effectiveness 
was uncorrelated with the List 1 and List 2 
total errors for the A*-Br group, rs — .13 
and .01, respectively, while these correla- 
tions were —.65 and —.47 for the C*-B 
group, ps < .05 and .10, i.e., fewer errors 
for greater rated effectiveness. Rated effec- 
tiveness correlated .68 with recognition of 
the solution words for the A*-Br group 
and .71 for the C*-B group, bs < .05; 
these would seem to indicate some further 
effect of initial exposure, but it did not 
show up in the other performance measures, 
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Discussion 

Experiment III did not support recoding 
expectation, but did replicate th: sic finds 
ings of Experiment II at a slower e of pre 
sentation. Neither the A*-Br no 1e CXR 
arrangements produced facilitatio: nd post 
transfer tests generally indicated | Ss were 
not utilizing the cues. Thus, as in »erimenl 


II, the List 1 recall data ought not — Ter, 


GENERAL Discussion 


It appears to be the case that nuousl 
present transformational cues wille ce nega 
tive transfer, while this is not : "ase for 
continuously present fractionation s. Th 
latter result appears to replicate © finding 
of Williams and Underwood (1 ^), with 
somewhat different procedures. le th 
first experiment might be taken a porti: 
of the recoding hypothesis, it seem: :npler tà 
interpret it in terms of a C-B par m gens 
erated by Ss’ selection of the mor :eaning 
ful component, since the solutio es weri 
always present. In any event, the ond and 
third experiments clearly indicate -hat th 
transformational cues were of littl: ie when 
they were not continuously presen. — Perhap 
the Ss were still idiosyncratically t forming 
stimuli, but such cues proved to of littl 
value when provided for the S. 

There may be some reason to be eve that 
highly specific instructions about recoding 
would have helped somewhat, anc it may be 
necessary to consider such factors. ‘loweveh 
since Experiments II and III herc involved 
fairly common transfer procedures, it seems 


necessary to question either the reliability of 
the recoding phenomenon, or its generality in 
the explanation of transfer results. Not only 
are there the present transfer findings involv- 
ing both transformational and fractional en- 
codings, and other studies which failed to find 
recoding benefits with fractional encodings 
but Ellis (1973) has reported reliably greater - 
transfer for Ss who retained encodings rather 
than shifting. The present results suggest 
that the explanation for the discrepancies does 
not depend upon the difference between frat 
tional and transformational encodings, at least 
not in any simple manner. Perhaps the key 
is to be found in elaborative encodings, where | 
"response representativeness”’ (Davis et ali 
1968; Ellis, 1973; Martin, 1972) can play @ 
role. In this regard, James and Boeck 
(1973) use of homograph stimuli suggests a p95 
sibility, where the List 1 and List 2 response — 
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prime S to attend to different meanings 

ne stimulus, but subsequent experiments 

il have to determine that. In view of the 

ivailable evidence, it seems that the domain 

of the recoding corollary of the encoding vari- 
ability hypothesis is quite restricted. 


REFERENCES 


Bryk, J. A., & Kausler, D. H. Stimulus meaning- 
fulness as unlearning in the A-B, A-C transfer 
paradigm. Journal of Experimental Psychology, 
1966, 71, 917—920. 

Butler, B. E., & Merikle, P. M. Uncertainty and 
meaningfulness in paired-associate learning. Jour- 
nal of Verbal Learning and Verbal Behavior, 1970, 
9, 634-641. 

Davidson, R. E., Schwenn, E. A., & Adams, J. F. 
Semantic effects in transfer. Journal of Verbal 
Learning and Verbal Behavior, 1970, 9, 212-217, 

Davis, W. L., Brown, S. C., & Ritchie, E. Cue 
selection as a function of degree of learning and 
response similarity. Journal of Experimental 
Psychology, 1968, 78, 323-328. 
lis, H. C. Stimulus encoding processes in human 
learning and memory. In G. H. Bower (Ed.), 

Psychology of learning and motivation. Vol. 7. 

ew York: Academic Press, 1973. 

vegin, J., & Martin, E. Forced stimulus encoding 

ind retroactive interference. Journal of Experi- 

inental Psychology, 1970, 84, 131-136. 

C. T, & Boeck, W. J. Paired-associate 
learning with homograph stimuli. Bulletin of the 

sychonomic Society, 1973, 2, 81-82. 

Lesgold, A. M., & Goldman, S. R. Encoding 
imiqueness and the imagery mnemonic in associa- 
tive learning. Journal of Verbal Learning and 
Verbal Behavior, 1973, 12, 193-202. 


Martin, E. Stimulus meaningfulness and paired- 
associate transfer: An encoding variability hy- 
pothesis. Psychological Review, 1968, 75, 421—441; 

Martin, E, Verbal learning theory and indepen- 
dent retrieval phenomena. Psychological Review, 
1971, 78, 314—332. 

Martin, E. Stimulus encoding in learning and 
transfer. In A. W. Melton & E. Martin (Eds), 
Coding processes in human memory. Washington, 
D. C.: V. H. Winston, 1972. 

Mayzner, M. S., & Tresselt, M. E. Anagram solu- 
tion times: A function of multiple-solution ana- 
grams. Journal of Experimental Psychology, 1966, 
71, 66-73. 

Postman, L. Transfer, interference and forgetting. 
In J. W. Kling & L. A. Riggs (Eds.), Experi- 
mental Psychology. New York: Holt, Rinehart 
& Winston, 1971. 

Postman, L., & Underwood, B. J. Critical issues 
in interference theory. Memory & Cognition, 
1973, 1, 19-40. 

Rabinowitz, F. M., & Witte, K. L. Stimulus selec- 
tion as a function of letter color. Journal of 


Verbal Learning and Verbal Behavior, 1967, 6, . 


167—168. 

Richardson, J. Cue effectiveness and abstraction 
in paired-associate learning. Psychological Bul- 
letin, 1971, 75, 73-91. 

Solso, R. L. Functional stimulus selection as re- 
lated to color versus verbal stimuli. Journal of 
Experimental Psychology, 1968, 78, 382-387. 

Underwood, B. J., & Erlebacher, A. H. Studies of 
coding in verbal learning. Psychological Mono- 
graphs, 1965, 79 (13, Whole No. 606). 

Williams, R. F., & Underwood, B. J. Encoding 
variability: Tests of the Martin hypothesis. 
Journal of Experimental Psychology, 1970, 86, 
317—324. 


(Received September 11, 1973) 


ae ad Rd 


Journal of Experimental Psychology 
.— 1974, Vol. 103, No. 1, 62-70 


for 20 sec. 


tiveness of locations fixated decreased 
after about 10 sec. of viewing time, 


decrease as viewing time progressed. 
described whereby Ss initially made 


formative features less frequently 
tive details. 


One ultimate objective of investigations 
of the direction of visual attention has been 
to predict the course of visual exploration 
_ from some cluster of internal and external 
variables. Because of the difficulty in 
scaling any stimulus dimensions of a com- 
plex scene, most researchers have employed 
simple geometric forms as stimuli, which 
Attneave and Arnoult (1956) have shown 
to be scalable on an informational dimen- 
- sion (in a restricted sense). Results from 
the few studies that have used complex 
. pictures as stimuli (eg., Brandt, 1945; 
Buswell, 1935; Yarbus, 1967) have been 
Re- 
t (1967) 
devised a method whereby the regions of a 


-sized pieces and presenting them 
ly to Ss who were asked 
the pieces for 


= future occasion. When different Ss looked 


‘This paper is based on ae i i 
submitted to Iowa State dae reat 
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THE TIME COURSE OF PICTURE VIEWING' 


JAMES R. ANTES? 
University of North Dakota 
The eye movements of 20 Ss were recorded as 


The informativeness of regions within the pictures was determin 
independently by subjective ratings from 20 different Ss. Mean inform 


steady increase and mean extent of saccadic eye movements showed a steac 
many long saccades to fixate informati 


elements for short fixations; this behavior gradually evolved to fixating i 
and with longer examination of less inform 


they viewed each of 10 pictur 


over time and reached an asympto: 
Mean duration of fixation showed 


A pattern of visual exploration v 


tive ratings, then, appear to b 
method of scaling the inforin: 
of regions of a complex pictur: 
Given that Ss tend to fix 
tive” areas of complex pictur 
tion of interest here conce 
course of their visual explora: 
worth and Morandi (1967) t: 
distribution of eye fixation: 
2-sec. interval of a 10-sec. exp 
determined that the relative c. 
of eye fixations over the 
not change with time. The: 
"Therefore, it must be assumed 
placed their fixations just a 
during the first 2 sec as thes 
the last 2 sec of the 10-sec exposure 


worth & Morandi, 1967, p. 5:91." j 
formative regions were apparently fixated 
immediately and dominated during the 


entire exposure duration. 

Other investigators, however, have sug 
gested that the course of visual exploration i 
may not be so simply described. Buswell 
(1935) identified two patterns of eye move 
ments as Ss viewed complex scenes: (a) à j 
general survey in which the eyes move i 
short pauses over the picture, and di 
longer fixations in a more concentrated” 
area usually appearing after the survey 
Scan. Similarly, Karpov, Luria, and 
Yarbus (1968) provide evidence for they 
existence of an orienting period when 
leading cues of the picture are identified 
followed by a period when the eyes a 
fixated on elements containing the most 
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rmation. Thus, these authors suggest 
iat informative regions may not be 
ixated immediately, but that an orientation 
period appears first during which the 
entire picture is surveyed. However, in 
neither investigation was an independent 

determination of informativeness made. 
In the present study an investigation 
was made of the eye movement patterns 
of Ss as they viewed complex pictures, 
which were rated for informativeness by 
an independent group of Ss. The existence 
of distinct scanning patterns throughout 
the course of viewing was investigated by 
examining the location and duration of eye 
fixations and the extent of saccadic eye 
movements. On the basis of the results 
of Buswell (1935) and Karpov et al. (1968) 
it was expected that an initial orientation 
period followed by a close examination of. 
detail would be evidenced by an increase 
in mean duration of fixation with time, a 
decrease with time in mean extent of eye 
'ovements, and an initial increase in the 
vformativeness of locations fixated to a 
ıt a few seconds after the initial picture 
ure when an asymptote would be 

ri d. 


METHOD 
? movement recording 


tus, 
{ was a corneal reflection system, the eye 
movonent recorder (Series V-1164) manufactured 
i [tek Corp., Lexington, Massachusetts. The S 
ated facing a rear-projection screen 53 cm. 
ont of him with his head resting on a foam- 
cred head rest. To restrict head movements S 
d a bite bar on which was a hardened dental 
wax impression of his teeth. A Beaulieu 16-mm. 
motion picture camera provided a permanent record 
of Ss’ eye movements, and a closed circuit television 
system allowed simultaneous monitoring of eye 
movements on a television screen. 

Stimuli. The stimuli were nine cards (Numbers 
5, 6BM, 7GF, 8BM, 9GF, 12BG, 12M, 13MF, and 
17GF, all Series 2) from the Thematic Apperception 
Test (TAT) and a reproduction of Morning on the 
Cape by Leon Kroll. The pictures were photo- 
graphed and prepared as achromatic slides. When 
projected onto the screen, they were of approxi- 
mately equal size, subtending no more than 20? of 
visual angle vertically and horizontally. In com- 
parison, Mackworth and Morandi (1967) used 
16? X 16? pictures, but neither Buswell (1935) nor 
Karpov et al. (1968) reported picture size. 


The eye movement recording ap- 


Subjects. The Ss were 20 undergraduates (eight 
females) from the general psychology course at 
lowa State University, Extra course credit was 
awarded for participation. All Ss reported normal 
vision without glasses or contact lenses. 

Procedure, When S reported to the experimental 
room he was told that he was to participate in an 
experiment in art appreciation. He was informed 
that he would view 10 works of art for 20 sec. each 
and was to decide which picture(s) he preferred, 
He was further informed that “physiological 
characteristics" of his eyes were being recorded and 
that the- purpose of the experiment was to relate his 
picture preferences to these characteristics. 

The dental wax bite bar was then made and the 
equipment was calibrated by having S successively 
fixate portions of the visual field located by letters 
printed on a calibration stimulus card. Each S's 
eye fixations on the letters of the calibration card 
were recorded on film to serve as an aid in subsequent 
scoring of eye fixations on the pictures. 

The pictures were then projected onto the screen 
in a random order, with the constraint that each 
picture appear in each of the 10 ordinal positions 
twice across the 20 Ss. Each picture was presented 
for 20 sec, with approximately 30 sec. between 
stimuli for E to check the calibration of the ap- 
paratus by having .S fixate the central letter on the 
calibration card. The movie camera was operated 
at a speed of 8 frames/sec beginning 1 sec. before 
stimulus onset and ending at stimulus offset. After 
the final picture was viewed, S informed E of his 
preference(s) and was then completely informed 
as to the nature and purpose of the experiment. 

Data reduction. The eye fixation data were 
scored by a frame-by-frame analysis of the movie 
film using a Craig 16-mm. film editor. The locations 
of each fixation of each S were recorded by printing 
a number corresponding to the ordinal position of 
that fixation on a reproduction of the stimulus ~ 
pictures. The duration of each fixation, i.e., the 
number of consecutive frames of film for which a 
fixation was at a constant location, was recorded 
on an accompanying sheet. Scoring the extent of 
each eye movement and the unit number of each 
fixation was performed on a later occasion, after 
all the data had been reduced from the film. It 
should be noted that the first eye fixation scored on 
each picture was the first location fixated following 
the first eye movement. The fact that the eyes 
were fixed on any particular region as the picture 
appeared was considered to be a chance occurrence 
and, thus, this fixation was not scored. 


Ratings 


Stimuli. The method of Mackworth and Morandi 
(1967) in cutting pictures into equal-sized pieces 
probably destroyed some of the information poten- 
tially available to Ss in rating the pictures. That 
is, meaningful regions of a picture could have been 
dissected and the ratings of the individual pieces 
may not have reflected the informativeness of the 
intact segment. Consequently, units within each 
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FiGURE 1. Morning on the Cape by Leon Kroll as it appeared to Ss as their 
eye movements were recorded (above) and divided into units (below) for their 


informativeness ratings. 
stitute, Pittsburgh.) 


of the 10 pictures in the present experiment were 
determined on the basis of meaning and fixation 
density in addition to size. The size of each unit 
was larger than the maximum accuracy of the 
apparatus and small enough to allow rather complete 
processing of the whole unit by one fixation within 
the unit. Pilot testing was performed by requiring 
an independent group of Ss to fixate selected 
features of alphabetic and picture stimuli. The 
accuracy of the equipment shown by the data 
indicated that the unit size should be no smaller 
than 1? in diameter, Considerations regarding 
maximum unit size involved the assumption that 
most saccades extend beyond the range of current 
focal processing. Thus, the units should be smaller 
than median eye movement amplitude and within 
the limits of rather complete peripheral information 
processing. Examination of the results of Yarbus 
(1967) and Ford, White, and Lichtenstein (1959) 
regarding the distribution of the extent of sac- 


(Courtesy of the Museum of Art, Carnegie In- 


cadic movements and those of Antes and ! dwards 
(1973) regarding the processing capacity of periph- 
eral vision suggested that the maximum > of a 
unit should be 5° of visual angle in diameter. Thus, 
the units subtended no less than 1° and no greater 
than 5° of visual angle in any direction. . 
Units were also defined by the fixation densities 
obtained from the eye movement records. The 
purpose of this criterion was to set the boundaries of 
units such that there was an approximately uniform 
distribution of fixations over the entire unit. There- 
fore, Ss could rate units that had low within-unit 
variability in fixation density. This criterion pro- 
duced a small negative relationship between unit 
size and fixation density, the mean correlation ovef 
all pictures being; = — .05, X 
The meaning of a unit was the final criterion. 
For a region of a picture to be isolated as a unit 
for rating, it had to convey some meaning in and of 
itself, as determined by E. The purpose of this 


t 
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gritei ; to eliminate the arbitrary selection of 

p f a picture that were not easily recogniz- 

; viewed separately from the entire picture. 

. the boundaries of the rating units were 

nined such that the unit conveyed a unitized 

ing, was from 19-5? of visual angle in size and 

ad a uniform density of eye fixations. Within 

these limits, the boundaries were determined subjec- 

tively by E. The units were outlined in black ink 

on reproductions of each picture. A typewritten 

unit number was placed on each unit and pictures 

were then photographed and. prepared as slides. 

Figure 1 shows the picture Morning on the Cape as 

it was presented to Ss for the eye movement record- 
ing and the same picture divided into units. 

‘Subjects. The Ss were 20 different undergraduates 
(8 females) from the same S pool as in the eye 
movement recording sessions, except that perfect 
vision was not required. 

Procedure, The Ss were run as a group and were 
seated in a large room. When all of the Ss had 
reported to the experimental room, they were 
informed that the experiment dealt with the way 
in which people view pictures. Its purpose, they 
were told, was to determine how the different parts 
whole picture contribute to the total amount of 
sformation conveyed by a picture. They were 

tructed to rate the informativeness of each 

mbered portion of the pictures that followed on a 

soint scale anchored at 0 = completely uninforma- 

cand 8 = completely informative. Informative- 

s was defined as the informational contribution 

that unit to the total information conveyed by 
o picture, The Ss were assured that there were 
“correct” responses. 

Fhe pictures were then projected in a fixed 
idom order onto a screen in front of Ss. First 

intact picture was shown for 20 sec. Then the 
cure outlined into numbered units was projected 
ove it. The Ss worked at their own speed, first 
roing the unit numbered 1 and continuing until 
ali units on the picture had been rated. After all 
S- had finished, the remaining pictures were shown 
d rated in a similar manner. The Ss indicated 
ineir ratings on a prepared sheet upon which was 
srinted a separate blank for each unit of each picture 


chor points. 
RESULTS AND DISCUSSION 


Ratings 


Each S's ratings were transformed to 
normalized ranks and then standardized 
within each S and picture by dividing the 
normalized scores by their standard devia- 
tion (see Liu, 1972). These derived 
ratings were summed across Ss for each 
unit and then averaged. The resultant 
mean ratings were the informativeness 
values assigned to the units of the pictures. 


i a reproduction of the rating scale with labeled . 
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To determine the degree of agreement 
among the raters and thus obtain an 
estimate of the reliability of rating the 
informativeness of pictures by the present 
procedure, the unit-by-unit derived ratings 
of each S were correlated with those of 
every other S across all 10 pictures. 
Agreement was high, the mean inter-rater 
correlation being # = .72. Thus, Ss tended 
to agree on the relative ranking of portions 
of the pictures on the dimension of 
informativeness. 


Eye Fixations 


Since the present study involved a new 
method of informativeness rating, it was 
essential to first demonstrate that results 
using this method replicated earlier findings 
of a close correspondence of eye fixation 
density and ratings of informativeness. 
That is, before the time course of visual 
exploration could be examined, it was 
necessary to first show that density of eye 
fixations was related to subjective informa- 
tiveness ratings. Consequently, for each 
picture a correlation was computed between 
the informativeness ratings of the units 
and the units’ fixation densities, the propor- 
tion of total fixations on a unit divided by 
the proportion of the total area of the 
picture covered by that unit. The degree 
of relationship was quite high, ranging 
from r = .52 for Picture 12M to r = .79 
for Picture 12BG, all statistically significant 
(p «.01) The desired relationship ob- 
tained. There was a strong relationship 
between rated informativeness and fixation 
density, and Ss’ scanning behavior could 
be explored. 

The total number of fixations each S 
made on a picture were divided into tenths 
and the dependent variables were averaged 
within each tenth. These values were 
averaged across all Ss across all pictures. 
Figure 2 shows the mean duration of 
fixation as a function of tenths of total 
fixations over all 10 pictures. The function 
is indicative of gradually evolving eye 
movement patterns, from a rapid orien- 
tation to the scene initially to a slower 
examination of detail. The initial mean 
duration of eye fixations was about 215 
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TENTHS OF TOTAL FIXATIONS 


FIGURE 2. Mean duration of fixation as a function 
of tenths of total fixations. 


msec. and increased to about 310 msec. for 
“the last few fixations.’ A linear and a 
quadratic regression coefficient were com- 
puted for each of the 20 Ss and then 
averaged. Both the mean linear and mean 
quadratic coefficients were significantly 
different from zero, ¢ (19) = 6.014, 
X .001; and £ (19) = — 4.210, p < .001, 
respectively. Mean duration showed the 
greatest increase early in viewing and 
. appeared to reach an asymptote toward 
the end of the 20-sec, exposure. When the 
functions were plotted for the 10 pictures 
individually, all pictures showed the same 
general slope. Thus, the duration data 
are consistent with the notion of an initial 


Figure 3 shows the mean extent of eye 
of tenths of total 


were significantly 
(19) = — 3.589, p 
and ¢ (19) = 5.621, p < .001, 


creased initially and leveled off late in 
viewing. Similar functions obtained when 


*Although the duration data were recorded in 
terms of frames of film, the values given here are 
expressed in msec. to facilitate comprehension a 
frame = 125 msec). 
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extent was plotted individu: 


picture. Thus, extent of eyt novemer 
conforms to the expectation © gradual] 
changing scanning behavior ove : he 20.s« 
exposure. 

Figure 4 shows the mean info: ;ativen 
of units fixated for each of the st 10 
fixations. The locations of rev s fixa 
on the first fixation were, on | lverag 
less informative than those of © next fe 
fixations. Informativeness pe 1 at 
second fixation, on the average: ind th 
showed a steady decline tha: ontinue 
until approximately the thirtic . fixation 
where it reached an asymptote 

The results from analyses of fixatio 
duration and eye movement ext onfort 
nicely to behaviors predicted to cur asi 
result of Ss initially scanning :' pictu 
as an orientation prior to close « ination 
for detail. When examined on ʻñxation 
by-fixation basis, the data on i inform 
tiveness of regions fixated arc «gesti 
of such a scanning pattern as \ How: 
ever, there is an inconsistency he time 
factor involved in these depe: nt var 
ables. Whereas the orientation  .ttern is 
suggested by a gradual change luration 
and extent over the entire 20-sc: Xposu 
of the picture, supportive evidi ice from 
the informativeness data comes rom the: 
first two or three eye fixations, occurring 
in the first second of exposure. he data 
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TENTHS OF TOTAL FIXATIONS 


FIGURE 3. Mean extent of eye movements as @ 
function of tenths of total fixations. 
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Ficure 4. Mean informativeness of locations fix- 


ated on the first 10 eye fixations. 


thus imply either that two orientation scan- 
"ing patterns were present, one very rapid 
:nd one gradual, or that other factors were 
»roducing the observed effects on duration, 
extent, and informativeness. An exami- 
ation of the informativeness of regions 
‘ixated by order of picture presentation 
helps to resolve this issue. Figure 5 shows 
he mean informativeness of locations 
ixated over the first 10 fixations for 
pictures viewed first or second and for 
ictures viewed ninth or tenth. When Ss 
viewed the first or second picture of the 
series (because of counterbalancing, all 10 
pictures are represented equally often in 
the two curves of Figure 5), the most 
informative units, on the average, were not 
fixated until the third fixation. When the 
same Ss viewed the last two pictures of 
the series, the most informative regions 
were fixated, on the average, on the first 
fixation, This difference in mean informa- 
tiveness on the first fixation was significant, 
t: (19) = 2.757, p «.025. The initial 
fixations on less informative regions ex- 
hibited by Ss viewing the first few pictures 
probably served as a general orientation 
to the task and cannot be viewed as the 
survey scanning pattern suggested by 
Buswell (1935) and Karpov et al. (1968). 
When Ss became familiar with the experi- 
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mental situation, the orientation period 
disappeared and informative elements were 
fixated immediately. 


It should be noted that an examination - 


was made for an effect of order of presen- 
tation in the duration and extent data, but 
no significant effects were found. The 
effect described above was restricted to 
informativeness of units fixated in the 
initial few eye fixations. 

Figures 2, 3, and 4 provide evidence for 
a gradually changing pattern of eye move- 
ments. When 
presented, Ss’ eye movements were rela- 
tively long to fixate regions of high informa- 
tiveness for short durations. This slowly 
evolved to a pattern of making relatively 
shorter saccades to features of lower rated 
informativeness for an inspection of longer 
duration. To show how this behavior is 
manifested by the individual S, Figure 6 
presents the duration, extent, and informa- 
tiveness for each eye fixation of one S on 
Picture 13MF. This S’s pattern of re- 
sponses is representative of that of most 
Ss and will be considered here as “typical.” 
The data are quite “noisy,” but careful 
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Ficure 5. Mean informativeness of locations 
fixated on the first 10 eye fixations for pictures 
presented first or second and for pictures presented 
ninth or tenth. 


the pictures were first — 
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FIGURE 6. 
fixation of one 


examination of the figure reveals informa- 
tion worthy of consideration. First, note 
the center panel of the figure, the extent 
of eye movements. Most of the large 
Saccades were made in the initial few 
seconds of viewing. Of the first 20 eye 
movements, 30% (6 of 20) were greater 
than 7° of visual angle in extent, compared 
to only 9% (4 of 45) greater than 7° in the 
last 45 eye movements, Initially, S made 
many large eye movements with a few 
short saccades between; as viewing pro- 
gressed, the number of | 

ments decreased and the n 
ones increased. 

The results were similar, though some- 
what less obvious, when informativeness 
of locations fixated was plotted as a 
function of fixations, the lower panel of 
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xation Position 


; and informativeness for each 
S on Picture 13MF, 


Figure 6. Most of the “inforn tiveness 
peaks” were clustered early in vin 
Highly informative regions were fixate 


often in'the first 20 fixations; later, the 
highly informative units were fixated less 
frequently, with many fixations on less 
informative regions interspersed. — Note 
also that the peaks on the extent function 
corresponded roughly to the peaks on the 
informativeness function. When cong 
puted over all Ss and pictures, the mean 
informativeness of units fixated fo 
a long eye movement (greater than 5?) wa 
greater than the mean informativeness E 
units fixated following the immediati 
preceding short saccade (less than or ear 
to 5°), but the difference did not reac 
statistical significance, 7 (19) — Lote 
205. Long saccades tended to b 
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to regions of higher rated informa- 

than the immediately preceding 
or eye movement. 
nsider now the duration data of the 
ipper panel of Figure 6. In the first few 
'xations, the duration of each fixation was 
uniformly short. As viewing time pro- 
gressed, there were more fixations of longer 
duration. In addition, the fixations of 
longer duration roughly corresponded to 
eye movements of short extent and loci of. 
fixation of low informativeness.. Con- 
versely, the fixations of short duration were 
on regions of greater informativeness and 
were preceded by longer eye movements. 

When this information is viewed together, 
Ss’ scanning behavior as they observed 
these pictures may be described. Im- 
mediately after a picture was presented, 
S fixated a unit of relatively high informa- 
tiveness (disregarding the general task 
orientation discussed earlier). The gaze, 
^owever, rapidly switched to nearby detail 

lower informativeness) for one or two 
xations. A long saccade was then made 
^» another region of high informativeness. 
.fter a short fixation on this region, detail 
" the area was again investigated. As 
iewing time increased, the number of 
xations on less informative detail between 
mg eye movements increased. The regions 
! lower informativeness appeared to be 
canned more closely, and fixations on the 
highly informative regions became fewer. 
"hus, the informative regions of the 
pictures became “bases of operation" for 
visual exploration. Following a fixation on 
one of these informative areas, detail in the 
area was investigated. The eyes then 
moved to another base, and inspection of 
its surround ensued. This behavior con- 
tinued throughout the course of viewing 
the picture, with more and more exami- 
nation of pictorial detail and fewer return 
fixations to the informative units. 

The dispute between the ideas of Buswell 
(1935) and Karpov et al. (1968) and those 
of Mackworth and Morandi (1967), dis- 
cussed earlier, may now be resolved. The 
present data support Buswell and Karpov 
et al. in their descriptions of particular 
Scanning patterns as they were exhibited 
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initially and much later in the course of 
viewing pictures. The data suggest that | 
they were incorrect in their implication ' 
that these patterns are discrete. It 
appears that there was a continuous change 
from surveying informative aspects of the 
entire picture to the examination of less 
informative detail. Thus, the descriptions 
of the scanning patterns provided by these 
investigators are appropriate end points of 
a continuum rather than criteria for discrete 
eye fixation patterns. 

Mackworth and Morandi's (1967) con- 
clusion that informative regions of pictures 
are fixated immediately was supported by 
the present data. However, their con- 
clusion is misleading in that it implies that 
informative regions are fixated equally 
often early and later in the course of 
viewing a picture. The present data 
demonstrated that fixations on informative 
areas were concentrated toward the initial 
few seconds of viewing and that less 
informative detail received a greater pro- 
portion of the fixations later in viewing. 
Thus, the apparent dispute disappears. 
The data suggest that there were different 
scanning patterns (a continuum of scanning 
patterns) and the highly informative areas 
of a picture were fixated immediately upon 
presentation of the pictures. 

The infrequent fixations on “‘uninforma- 
tive" regions, shown previously by Yarbus 
(1967) and Mackworth and Morandi 
(1967), suggests that peripheral vision 
plays an important role in visual explora- 
tion. The present results imply that a 
peripheral editing process is operating prior 
to the first fixation, that a brief scan of 
the picture is not necessary to locate in- 
formative areas. Rather than slowly 
evolving a schematic map of the picture 
with the acquisition of successive bits of 
foveal information, the observer immedi- 
ately uses information located in the periph- 
ery to guide fixation choices. Numerous 
initial eye movements to informative units 
were in excess of 5? of visual angle in 
extent. This implies either that (a) the 
eye's discriminative capacity extends a 
considerable distance into the periphery, 
(b) priorities for eye fixation may be 
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ixation point in the context of the 
entire picture provide information regard- 
g the location of informative a 
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Two-memory theories predict that it should be possible to produce negative 


recency in initial recall. 


The first experiment provides a demonstration of 


that predicted negative recency effect. Given those results, it is puzzling 
that very similar studies had not produced the negative recency effect. Two 
additional experiments were performed to resolve that puzzle. At the pro- 
cedural level, the data show an interaction between mode of presentation of 
the to-be-remembered items and the type of interpolated task. At the 
theoretical level, the data suggest modality-specific storage in primary 


memory. 


Theories of memory that distinguish be- 
ween primary and secondary memory typi- 
ally assume that primary memory is a 
mited capacity system into which items are 
iitomatically entered upon their perception. 

hen primary memory is operating at ca- 

i city, newly perceived items replace items 
c rently in primary memory in a manner 
tuat can best be simulated as a random pro- 
css, Entry into secondary memory is not 
a vomatic, but involves processing of items 
i: primary memory. This processing takes 
tine, so that, other things being equal, the 
‘ount or degree of processing depends 
n how long an item remains in primary 
ory. The more processing an item re- 
s, the stronger is its registration in 
dary memory. 
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Research Council postgraduate award to the first 
author, in part by a predoctoral fellowship in ex- 
perimental psychology to the third author from 
National Institute of Mental Health Experimental 
Training Grant MH-08359, and in part by a grant 
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cation, Department of Health, Education, and Wel- 
fare. The opinions expressed herein, however, do 
not necessarily reflect the position or policy of the 
U.S. Office of Education, and no official endorse- 
ment by the U.S. Office of Education should be 
inferred. The order of authors was determined 
by lot. 

2 Now at the Department of Social Science and 
Humanities, The City University, London, England. 

3 Requests for reprints should be sent to Charles 
P. Thompson, Department of Psychology, Kansas 
State University, Manhattan, Kansas 66506. 


7" 


Given these basic assumptions, it is clear 
that immediately after the presentation of the 
final item in a list, the last few items in the 
list will not, on average, have been in pri- 
mary memory as long as other items in the. 
list. The last item will have spent the least 
time in primary memory, the next last, the 
next least time, and so on back for several 
items. Therefore, if the processing of items 
is terminated immediately following list pre- 
sentation, one would have to predict that the 
probability of recall from secondary memory 
would show a systematic decline over termi- 
nal positions in the list—a negative recency 
effect, The most obvious way to achieve this 
predicted effect would be to introduce a task 
following list presentation which prevents 
additional processing of list items. Since 
most theorists (e.g, Atkinson & Shiffrin, 
1968; Waugh & Norman, 1965) assume that 
list processing is equivalent to or dependent 
upon rehearsal, they would argue that .the 
interpolated task must be difficult enough to 
prevent rehearsal. An alternative view would 
be that processing can be terminated only by 
displacement of the items from primary 
memory. Under this view, the interpolated 
task must produce very rapid (preferably 
immediate) displacement of the items from 
primary memory. 

Thus, a negative recency effect would be 
predicted in initial recall following a filled 
delay provided that the interpolated task is 


sufficiently difficult or produces rapid dis- 
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Ficure 1. Probability of recall by serial position 
following a shadowing interpolated task, (Abbre- 
viation: FR = free recall.) 


Placement of items from primary memory, 
Assuming that a task with a rapid input rate 
fills the latter requirement, interpolated tasks 
covering a fair range of rate and difficulty 
previous studies, 


paradigm (e.g., Craik, 1970 ;D 
In this paradigm, a Series of 
word lists is presented for immediate free re- 
call in the usual manner, and after recall of 
the last list in the series, $ is unexpectedly 


asked to recall all of the wor. om all] 
the preceding lists. This fin ree reg 
produces clear negative recency, While 
ative recency in final free reca! also pr 
dicted by two-memory theo: ( Crai 
1970), subsequent investigators g., Jaco 
& Bartz, 1972) provide evide that 
effect is attributable to a strategy  herebyli 
do not encode terminal list ite: — for lom 
term retention since, for the im: liate fre 
recall task, these items can retrieve 
through the use of transitory t: oral am 
acoustic cues, 

While the differential encodi: 'terpreti 
tion of negative recency in fine ree rec 


can be easily incorporated inte ost tw 
memory theories, the failure to 

recency in initial recall follow 
delay poses a more serious pro! 

theories. That is, two-memo 
clearly have to maintain that i 
possible to prevent S from ful! 
terminal list items for subseque: 
support of this view, the present 


provide clear evidence of negat? cency 

initial recall. Furthermore, presen 
studies also indicate why our pro lure pro 
duced negative recency when ier very 


similar experiments did not, Sin. 
est in this topic began with the s 
finding of negative recency in ; 
we begin by describing that exper: ient. 


EXPERIMENT I 
Method 


departmental requirement. 
Materials. Each S heard a unique set of ten 
l2-word lists. Each set of lists was generated by 
sampling without replacement from a pool of 
common two-syllable nouns (the Toronto wot 
pool, Murdock, 1968). d 
Procedure. Each S was tested individually all! 
received the 10 lists via a Uher tape recorder. The 
words were presented at the rate of 1/25 set 
Two and one-half seconds after presentation of eat! 
list, S shadowed, i.e., repeated aloud upon preste 
tion, a random series of single digits which Me 
presented orally at the rate of 2 digits/sec. a 
Sec. of this interpolated activity, Ss were ge 
1 min. for written free recall. The Ss were giver 
standard free-recall instructions and were fully i! 


E- 
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i the experimental procedure prior to 
of the experiment. 


fis. 
Fhe total number of words correctly re- 
called was summed across lists for each serial 


position for each S. The mean correct recall 
by serial position, expressed in terms of prob- 


- ability of recall, is presented in Figure 1. As 


can be seen, there is a marked negative re- 
cency effect. "This effect is confirmed both 
by an analysis of variance on the data from 
the last six positions, F (5, 120) = 3.95, p < 
.01, and a reliable linear component in a 
subsequent trend analysis on the same data, 
F (1,120) = 14.17, p < .001. 


Discussion 


The interpolated task used in this experiment 
occurred at a faster rate and was, presumably, 
more difficult than paced interpolated tasks in 
ul previous studies save one (Glanzer et al., 
1969)* and, as noted earlier, these data are sug- 

estive of a negative recency effect. It should 
noted that the usual interpolated task is un- 
ced counting—either forward (e.g, Ray- 
iond, 1969) or backward (eg. Postman & 
‘hillips, 1965)—and the best estimate of rate 
nder these conditions is 1 count/sec (Glanzer 
t al, 1969). Thus, the initial interpretation of 
‘ese data was that the rapid rate or the diffi- 

ilty of the interpolated task produced the ob- 
rved negative recency effect. This view fits 
ie results neatly into a two-memory framework 

d uses the data to provide additional support 
‘oy two-memory theories. 

At this point, however, a number of equally 
sible alternative interpretations can be gen- 
ated. Given that all Ss were treated identi- 
y on all lists, perhaps the strongest—at least, 
most difficult to answer—alternative hy- 
pothesis is that the results reflect an encoding 
strategy that Ss use when faced with this par- 
ticular interpolated task. If such is the case, 
the data provide no support for two-memory 


4 When fast rates were used for the interpolated 
task in the Glanzer et al. (1969) experiments, the 
duration of the task may not have been adequate to 
produce substantial negative recency effects. Spe- 
cifically, the rapid-rate interpolated tasks in the 
Glanzer et al. studies involved repeating 12 words 
in 5 sec. (Experiment 3) or 6 words in 2 sec. 
(Experiment 5), whereas our interpolated task 
involved shadowing digits at a 2/sec rate for 30 
Sec. 


theorists. However, it is also true that if Ss 
are using some strategy that essentially involves 
not fully processing terminal items, then, accord- 
ing to a single-memory theory, this should cer- 
tainly show up in immediate as well as delayed 
recall. 

The second study, then, had two purposes. 
First, the experiment was designed to prevent 
differential encoding of list items between con- 
ditions, That was accomplished by using three 
different conditions with the recall condition 
designated following presentation of each list. 
The conditions were immediate recall, recall fol- 
lowing shadowing, and recall following counting 
backward. Second, the study was designed to 
demonstrate that, when the possibility for dif- 
ferential encoding between conditions is elimi- 
nated, differences between recall following the 
shadowing task used in the first experiment and 
recall following the usual counting task will 
still occur, That is, both tasks should reduce 
recall of terminal items, but only the shadowing 
task should produce negative recency. In addi- 
tion, immediate free recall should produce the 
usual large recency effect. 


ExPERIMENT II 


Method. 
Subjects. Fifty Ss were drawn from the Birk- 
beck S pool. They were either paid for their ser- 


vices or were fulfilling a departmental requirement. 

Materials. Ten sets of fifteen 12-word lists were 
generated in the same manner and from the same 
pool as in Experiment I. In this experiment each 
set was used for 5 different Ss. 

Experimental design. All Ss received fifteen 12- 
word lists in one session. Each S recalled 5 lists 
under each of the following three conditions: im- 
mediate free recall, recall following 30 sec. of 
shadowing, and recall following 30 sec. of counting 
backward by threes from an orally presented 3-digit 
number. The recall condition was designated after 
list presentation. Each S received a different 
quasi-random order of conditions with the restric- 
tion that no more than two consecutive presentations. 
of the same condition begin any order and that no. 
one condition appear more than three times in 
succession. 

Procedure, Each S, tested individually, was given — 
15 auditorily presented lists via a Uher tape re- 
corder. The words were presented at the rate of 
1/2.5 sec. After presentation of each list, Ss were 
given an oral single-word instruction to either 
recall, count, or shadow. In the interpolated task 
conditions, instructions to recall followed the termi- 
nation of the interpolated task. As in Experiment 
I, Ss shadowed digits presented auditorily at the 
rate of 2 digits/sec. In the counting task, Ss were 
required to count backward by threes from a three- 


kou" iy.) 


- position for 


* Immediate FR 
9L o> Count 
“| æ=- Shadow 


Probability of Recall 


1 3 6 9 12 


Serial Position 


Ficure 2. Probability of recall by serial position 
for immediate free recall (FR), recall following 
the shadowing interpolated task, and recall follow- 
ing the counting interpolated task. 


- digit number at the rate of 1 count/sec. Counting 
| was paced with a Birkbeck signal source timer. 
| Two minutes were provided for recall of each list. 


However, Ss were free to terminate their recall at 


any point before this period elapsed. The Ss were 
- Biven standard free-recall instructions, 


Results 


As before, the total number of words cor- 
ectly recalled was summed across lists for 
each serial position for each condition for 
each S. The mean correct recall by serial 
each condition, expressed in 
terms of probability of recall, is presented in 
Figure 2. Immediate free recall obviously 
replicates the usual finding with large pri- 
macy and recency effects, As can be seen, 
both interpolated tasks Produced a negative 
recency effect. Again, the effect was highly 
reliable, as demonstrated by the linear trend 
components from trend analyses performed 
separately on the two conditions: counting, 
F (1, 49) = 42.67, p< 001; shadowing, 
F (1, 49) = 16.57, p < 001. The analyses 
of primary interest were performed on the 
data from the last six positions in the list 
and excluded the immediate recall data, since 
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comparison with that condition ; ninter- 
esting. 
As expected, the analysis com; 


two interpolated task conditions 


ng the 
wed a 


reliable serial position effect, F ( 45) 
19.09, p < .001. In addition, shado 'g pro- 
duces a greater decrement in recall termi- 
nal items than does the countin: sk, F 
(1, 49) = 7.36, p< 01. The In: olated 
Task X Serial Position interaction ış also 
reliable, F (5, 245) = 2.80, P < .02, - id that 
interaction does not lend itself to u bigu- - 
ous interpretation. Finally, analy of the 
first six list positions for the in lated 
task conditions demonstrated a reli `e pri- 
macy effect, F (5, 245) = 14.98, .001, 
with no reliable effect attributable either 
the type of interpolated task or the i: ction 
between interpolated task and seria! ition, 
Discussion 

The shadowing task produced liably 
greater decrement in recall of term): items 
than did the counting interpolated tas’. This 
result presumably reflects the differen: diffi- 
culty or rate of the two tasks and wa: ected, 
What was not expected was that b tasks 
produced negative recency, As noted urlier, 
other experiments using the same sort <: to-be- 
remembered materials and similar cour: ng in- 
terpolated tasks have not produced :-zative 


recency. It is extremely unlikely that the criti- 
cal difference between those results and these 
data is the rate or difficulty of the interpolated 
task. It could be argued that the difference 
could be attributed to encoding strategies differ- 
ing from those used in prior studies. Ilowever, 
this is unlikely, since two of the three conditions 
used in this experiment were those used in 
previous experiments and, as noted earlier, our 
procedure did not allow differential encoding 
between conditions, Thus, it seemed most fruit- 
ful to consider other factors which may have 
operated to produce negative recency in this 
experiment. j 
Somewhat surprisingly, all of the studies 
using free recall with an interpolated task which 
present detailed serial position data have used 
visual presentation (e.g, Postman & Phillips, 
1965; Raymond, 1969). Since we had used 
auditory presentation, it seemed likely that the 
results represented, at the procedural level, an 


effect attributable to mode of presentation. At 


the theoretical level, the hypothesis was that 


j 
j 
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;n the interpolated task was, to 
tore-specific. That is, previous 
Conrad, 1964; Kroll, Parks, 
ver, & Johnson, 1970) strongly 
ems presented visually can have 
nd visual representation in pri- 
mary n whereas items presented orally 
presun c represented only in auditory 
form. is true, then an interpolated task 
with no «! component but a large articula- 
tory-aw `. component might be expected to 
interfer: e with auditory than with visual 
storage would follow that recall would be 
better isually presented than for orally 
present ms, with the advantage restricted 
to iten 'rimary memory at the onset of the 

task, i.e., recency items. By the 
»ing, an interpolated task with a 
i component and a minimal articula- 
y component should result in better 
orally presented than for visually 


interfere: 
some deg 
research 
Parkinso 
suggests 
both au 


present tems, Thus, the implication of the 
Store-s; interference hypothesis is that 
there «i | be an interaction between the mode 
of pres ion of the list and the “mode” of the 
interp task. The third experiment was 
designe: io test that prediction. The experi- 
ment « be summarized as a factorial com- 
binatioy of two list presentation conditions 
(visual nd auditory) and three recall condi- 
tions (mediate, delayed following counting 
backw: and delayed following copying visu- 
ally presented digits). Immediate recall condi- 
tions were included in the experiment to demon- 
strate the usual superiority in recall of terminal 
items auditory over visual presentation, 
since the counting interpolated task was ex- 


pected io produce a reversal of that effect. 


Experrment IIT 
Method 


Subjects. The Ss were 64 female summer school 
students at Kansas State University who were paid 
$4 for their participation in the experiment. All 

5 were tested individually. 

Materials. Thirty 15-word lists were generated 
from a pool of 600 high-frequency two-syllable 
nouns (Murdock, 1968). To insure that the results: 
were not list-specific, 8 sets of 30 lists were con- 
structed using the same word pool for each set, 
and each set was used for 8 Ss. - 

Design. All Ss received thirty 15-word lists in 
One session, One set of 15 lists was presented 
auditorily, the other was presented visually. Order 
of modal presentation was randomized such that 
half of the Ss received the auditorily presented lists 
first. Within each presentation mode, each list was 


followed by one of three conditions: immediate 
free recall, 30 sec. of counting backward by threes, 
or 30 sec. of copying numbers off a screen. Each 
condition was presented five times in a randomized 
order such that no one condition appeared more 
than twice in succession. i 

Procedure. A Kodak Carousel projector and a 
Sony TC 864 tape recorder were used to present 
lists. In both visual and auditory portions of the 
experiment, the list words were presented at the 
rate of 1/two sec. Two seconds following the 
presentation of the last word in a list, Ss were 
given a single-word instruction to either recall, 
count, or copy. These instructions were given in 
the same modality as the just-presented list. For 
the counting backward task, a three-digit number 
was presented orally or on a slide depending upon 
the modality of the just-presented list .5 sec. follow- 
ing the instruction cue. The S then counted back- 
ward by threes at a 1-sec. rate for 30 sec. Count- 
ing was paced by a tone signal. For the copying 
task, a slide containing 3 rows of 10 randomly 
selected digits was presented .5 sec. following the 
instruction cue, The S saw 30 different slides at 
the rate of 1 slide/sec. The Ss were instructed to 
copy, in order, as many of the digits as possible in 
the 1-sec. interval. 

Ss were given standard free-recall instructions 
and had 2 min. for the recall of each list. How- 
ever, they were free to terminate recall at any point 
at which they felt they could not recall any more 
words. Recall protocols and copying tasks were 
recorded on separate pages in an answer booklet. 
There was a 30-sec. interval between lists. After 
presentation of the first 15 lists, Ss were given a 
5-min. rest interval. 


Results and Discussion 


Once again, the total number of words 
correctly recalled was summed across lists 
for each serial position for each condition for 
each S. As before, the primary analyses 
were performed on the data from the last six 
positions in the list. However, in this ex- 
periment, the critical comparisons were be- 
tween visual and auditory presentation under 
each of the three recall conditions. There- 
fore, separate analyses were performed on 
the data from the interpolated copying, in- 
terpolated counting, and immediate recall 
conditions. 

The data for immediate recall, shown as 
probability of recall, are presented in Figure 
3. There is a large recency effect, F (5, 
315) = 80.85, p «.001, and, as expected, 
recall of terminal positions was better for 
auditory than for visual presentation, F (1, 
63) = 9.87, p < .01. The Serial Position x 
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Presentation Mode: 
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FIGURE 3, Probability of recall by serial position 


for immediate free recall (FR) presented separately 
for visual and auditory presentation, 


Presentation Mode interaction was also re- 
liable, F (5, 315) — 817, 5«.001. This 
interaction Tepresents the increasing differ- 
ence in recall functions for auditory and 
visual presentation. In support of that in- 
terpretation, an ancillary analysis described 
below showed no overall differences among 
conditions in the middle portion of the list, 

The central hypothesis from which this 
experiment was developed was that the nega- 
tive recency effect obtained in the first two 
experiments could be attributed to the use 
of auditory rather than visual presentation in 
conjunction with the interpolated task. More 
generally, the hypothesis Was that an audi- 
tory-articulatory task such as counting back- 
ward would interfere more with auditory 
than with visual Presentation in Tecency posi- 
tions. The critical data for that hypothesis 
are the data from the counting interpolated 
task, presented in Figure 4, As predicted, 
visual presentation produced better recall 
over terminal positions than did auditory 
presentation, F (1, 63) = 11.01, 5 < oj. 
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Further, subsequent trend te 
strated a replication of the negz 
effect for auditory presentation, / 
4.67, p < .05, but no reliable tre! 
presentation (F < 1). No othe: 
or interaction was statistically sig 
It is important to note th 
superiority of auditory over visu 
tion, replicated in the immediate ; 
tion, has been reversed following 
ing interpolated task. Thus, it 
that the counting task interferes 
auditory than with visual presenti: 
data strongly suggest that previ: 
ments using interpolated tasks « 


to ours did not produce negative 


cause the lists were presented vis: 
than orally. 


The attempt to demonstrate th. 


hypothesis that a task with a 1 


component would interfere more . 


of material presented visually tha 
call of material presented orally 
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Ficure 4, Probability of recall by serial position 
following the counting interpolated task and De 
sented separately for visual and auditory presenta 


tion. (Abbreviation: FR = free recall.) 


demon- 
s recency ! 
', 315) = 
for visual 
ain effect 
icant, 
he usual 
»resenta- | 
ll condi- 
e count- 
ns likely 
e with 
i. These 
experi- 
similar 
ney be- 
y rather 


'rollary 

visual 
h recall 
vith re- 
s, how- 


however 


ever, uns:-cessful. The data for the copying 


interpolc:-: task are presented in Figure 5. 
The te: nal position analysis showed only 

an overs: « cency effect, F (5, 315) = 2.50, 
P <.05, >h no other main effect or inter- 
action st.’ ically reliable. Subsequent trend 
tests sug , however, that the recency effect 
as restri: «| to auditory presentation, F (1, 
$15) = 9.7, p < .01, with no reliable trend 
for visui! presentation (F <1), Since the 
difference between presentation modes shown 


vid tests is in the same direction as 
liate recall and is clearly of lesser 
; these data provide no support for 
y hypothesis. What is of interest, 
s that performance under visual 
presentation is the same following both in- 
terpolated tasks (compare Figures 4 & 5), 
whereas auditory presentation produces posi- 
tive recency following the copying task and 
negative recency following the counting task. 
Again, the data suggest that the counting 
task has particularly devastating effects on 
“auditorily presented material. It is our 
Opinion that an appropriate interpolated “yi- 
stal” task such as, perhaps, a pursuit-rotor 
task (e.g, Watkins, Watkins, Craik, & 
Mazuryk, 1973) would have similar effects 
on visually presented material. 

Finally, since differential performance on 
Other than recency positions would also be 
of interest, an ancillary analysis was per- 
formed on blocked data produced by com- 
bining Positions 1-5, 6-10, and 11-15. This 
analysis, together with numerous posttests, 
can be effectively summarized by noting that 
‘there were no reliable differences between 
auditory and visual presentation under any 
recall condition at other than recency posi- 
a ie. the block representing Positions 

1-15. 


GENERAL DISCUSSION 


: Two-memory theorists clearly predict nega- 
tive recency in initial recall following a difficult 

- interpolated task. This set of experiments pro- 
Vides strong confirmation of that prediction 
“under certain boundary conditions. Negative 
.récency was produced in every condition in 
Which a counting or shadowing interpolated 
task followed auditory presentation. It is also 
: clear, therefore, that the reason that negative 
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FicumE 5. Probability of recall by serial position 
following the copying interpolated task and pre- 
sented separately for visual and auditory presenta- 
tion, (Abbreviation: FR — free recall.) 


recency had not been obtained in previous 
studies using similar interpolated tasks is that 
those experiments used visual, rather than audi- 
tory, presentation. What is not clear at this 
point is whether negative recency can be pro- 
duced following visual presentation. 

In addition to demonstrating negative recency 
in initial recall and clarifying the reason for the 
discrepancy between our experiments and simi- 
lar previous studies, the present data add to the 
already substantial evidence which shows that 
the usual verbal-linguistic interpolated tasks 
interfere more with the retention of auditorily 
than with visually presented information (Kroll 
et al., 1970; Scarborough, 1972). While such 
results are in good agreement with the notion 
that there are separate visual and auditory 
stores in primary memory, the evidence does 
not demand that interpretation (e.g, see 
Wickelgren, 1973). Nonetheless, we would 
argue that the cumulative weight of evidence is 
now substantial and we suggest that the present 
results can best be interpreted in terms of store- 
specific interference in primary memory. 


REFERENCES 


Atkinson R. C, & Shiffrin, R. M. Human 
memory: A proposed system and its control 
processes. In K. W. Spence & J. T. Spence 
(Eds.), The psychology of learning and motiva- 
tion: Advances in research and theory. Vol. 2. 
New York: Academic Press, 1968. 


Bruce D, & Crowley, J. J. Acoustic similarity 
-~ effects on retrieval from Secondary memory. 
Journal of Verbal Learning and Verbal Behavior, 
1970, 9, 190-196. 


-.. Conrad, R. Acoustic confusion in immediate mem- 
ory. Quarterly Journal of Experimental Psy- 
chology, 1964, 55, 75-84. 


Craik, F. I. M. The fate of primary memory items 
in free recall. Journal of Verbal Learning and 
Verbal Behavior, 1970, 9, 143-148. 


Darley, C. F, & Murdock, B. B., Jr. Effects of 
prior free-recall testing on final recall and recog- 
nition. Journal of Experimental Psychology, 
1971, 91, 66-73. 


= Glanzer, M, & Cunitz, A. R, Two storage mecha- 
| nisms in free recall. Journal of Verbal Learning 
E and Verbal Behavior, 1966, 5, 351—360. 
Glanzer, M., Gianutsos, R., & Dubin, S. The re- 
moval of items from short-term storage. Journal 


of Verbal Learning and Verbal Behavior, 1969, 
8, 435-447. 


78 J. M. GARDINER, C. P. THOMPSON, AND A. S. MASKARINEC 


Jacoby, L. L., & Bartz, W. H. 
transfer to LTM. Journal of | 
and Verbal Behavior, 1972, 11, 56; 

Kroll, N. E. A, Parks, T, 
Bieber, S. L., & Johnson, A 
memory while shadowing: Reca!i 
of aurally presented letters. Jon 
mental Psychology, 1970, 85, 220-: 

Murdock, B. B, Jr. Modality e: 
term memory: Storage or retrie 
Experimental Psychology, 1968, 77 

Postman, L., & Phillips, L. W. < 
poral changes in free recall, On 
of Experimental Psychology, 1965, 

Raymond, B. Short-term storage 
storage in free recall. Journal of 
ing and Verbal Behavior, 1969, 8, 


Scarborough, D. L. Stimulus mod: 


forgetting in short-term memor; 
Experimental Psychology, 1972, 95 

Watkins, M. J., Watkins, O. C, Crai 
Mazuryk, G. Effect of nonverbal 
short-term storage. Journal oj 
Psychology, 1973, 101, 296-300. 

Waugh, N. C, & Norman, D. A. 
ory. Psychological Review, 1965, 

Wickelgren, W. A. The long and 
memory. Psychological Bulletin 
438. 


(Received October 1, 197 


sam S. R, 


Short-term, 


LM,& 
action on | 
erimental 


ary mem- 
:9-104, 
short of 
80, 425- 


Journal of Ex^c 
1974, Vol. 193, = 


tel Psychology 
1, 79-84 


“HE ROLE OF ASSOCIATIVE ELABORATION IN 
WORD RECOGNITION: 


NCE FOR A TWO-STAGE TEST ELABORATION SEQUENCE 


\Vord associates presented for recognition in a list are often misrecognized as 
heir earlier root word ; however, if the root word follows its associate, root word 
Results in the former situation have been ex- 
plained by positing that early-activated implicit associative responses (IARs) 
This ex- 


The first posits that IARs show greater memory per- 


The second predicts no such difference because S dis- 


No differences occurred over five retention intervals. 


EVi 
DONALD A. WALTER? Anp STEPHEN HELLEBUSCH 
University of Notre Dame 
inisrecognition does not occur. 
are mistaken for later-activated representational response (RRs). 
planation requires one of two modifications to explain lack of misrecognition in 
the latter situation. 
sistence than RRs and predicts that false positive rates of the second members 
of forward and backward associated list word pairs have different retention 
interval functions. 
criminates RRs from IARs at the time of encoding and uses only RRs for 
"memory matches." 
The first hypothesis was discarded, and a two-stage test elaboration sequence 
in word recognition was suggested. 
Bo: d, Whitmarsh, and Danick 

(1958 ite that a word presented in a 

memo: ask may be encoded in two steps. 

First, oe word is encoded in terms of a 

repres .::ational response (RR). The RR,  codings. 

in turr. activates a covert implicit associa- 

tive reponse (IAR). For example, if a 

perso: is presented the word dog, its 

prima: ; encoded representation (the RR) 

might consist of a four-legged, furry, bark 

concepi. This encoding, in turn, elicits one words. 

or more IARs, internal associates to the 

RR, such as the encodings for cat, Postman, 


and a host of others. 

Underwood (1965) devised a way in 
which the RR-IAR concept could be 
evaluated, He asserted that in a recogni- 
tion memory list both RRs and IARs to 
each word were activated as each word in 
the list was presented. Assuming that 
IARs could be approximated using free 
associates to list words, he hypothesized 
that the free associates presented later in 
the list would be misrecognized as having 
been seen before, for their RRs would be 
the equivalent of previously activated 
ARs. 


1 Requests for reprints should be sent to Donald 
A. Walter, Psychology Department, University of 
Notre Dame, Notre Dame, Indiana 46556. 
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Underwood (1965) used a special 200- 
word continuous recognition list to test 
this hypothesis as well as to examine a 
number of other possible "secondary" en- 
His list was made up of critical 
stimulus words, experimental words, which 
were associates of critical stimulus words, 
and control words similar to specific 
experimental words in all respects, but not 
associates of corresponding critical stimulus 
In addition, filler words were 
repeated in the list to give the task credi- 
bility, to space the critical stimulus, 
experimental, and control words, and to 
eliminate list-end effects. 

Underwood (1965) tested five possible 
relationships between critical stimulus and 
experimental words. In addition to the 
associative relationship, he tested co- 
ordinate and sense impression relationships 
as well as two antonym conditions, For 
four of the five, he found that the tendency 
to falsely recognize experimental words as 
having occurred earlier, the false positive 
rate, was significantly greater for experi- 
mental words than for control words. The 
largest difference was found for converging 
associates—giving strong support to the 
contention that IARs had been activated 
by the critical stimulus word RRs. Many 
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Ficure 1, Recognition of experimental (E) 
words as critical stimulus (CS) words for forward 
and backward critical stimulus-experimental word 
associative relationships in terms of representational 
and implicit associative responses (RRs and IARs). 


other investigators have duplicated these 
results using both converging and bi- 
directional associations. Among these are 
Kimble (1968), Cramer (1970b), Anisfeld 
and Knapp (1968), Fillenbaum (1969), and 
Eagle and Ortof (1967), who have all found 
similar results in similar experiments. 
The RR-IAR concept explains this phe- 


. nomenon handily by asserting that con- 


fusion occurs between the experimental 
word RR and the critical stimulus word 
TAR. However, the exact mechanisms in- 
volved are not clearly stated. Normally, 
it would not be an issue, but the results of 
experiments using unidirectional association 
in tasks such as Underwood's (1965) make 
it one. The problem is that comparable 
false positive effects (differences in experi- 
mental word and control word false posi- 
tives rates) are not found when the critical 
stimulus-experimental word association is 
backward, when the critical stimulus word 
(presented earlier in the list) is an associate 
of the experimental word. For example, 
bitter readily elicits the response sweet as a 
free associate, but sweet rarely elicits bitter, 
Consequently, when sweet follows bitter in a 
recognition list, it is falsely recognized 
-more often than a comparable control word, 
but when the order is reversed, bitter is not, 
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Many researchers have used ch uni 


directional associates in both t list and | 
continuous recognition tasks, M (1963), 

Maltzman and Belloni (1964), a: Anisfeld q 
and Knapp (1968) have all founc nificant - 


critical ' 
ciative — 
se (ex- 
associ- 
a) has © 
in the 
associ- - 


false positives effects for forwzi: 
stimulus-experimental word) 
relationships, but not for the r 
perimental-critical stimulus wo: 
ative relationship. Cramer (í 
found small false positives eflc. 
latter, but strict unidirectionalit 
ation was not assured. 

The inadequacy in the RR 
pothesis is described in Figur 
Situation present in the forward 
tional (and bidirectional) critica! 


R hy- 

The ` 
'idirec- 
nulus- 


experimental word association i: wn in 
Figure 1a; the backward associ: n situ- 
ation in Figure 1b. In both, © left- 
most event at the nominal (lowe: ‘evel is 


temporally earlier in the actua! k. In 
the forward association conditio: ariety 
of explanations are available xplain 


false positive effects. The critic mulus 
word is presented and activa s RR 
directly and [ARs indirectly, on: which 
is functionally equivalent to xperi- 
mental word's RR. When the exy: mental 
word is later presented and en: ed, its 
RR is misrecognized as the critica: .imulus 
word IAR. For this to happen, t! istinc- 
tion between the critical stimulus . ord RR 
and IAR must be absent at the ime of 
experimental word encoding, but ‘ie IAR 


must still persist in memory. 

Limits on how specific matches between 
RRs and IARs in memory might be made 
arise from an examination of the backward 
association condition (Figure 1b), in which 
the experimental word elicits the earlier 
Presented critical stimulus word as an 
associate. There are two possible explana- 
tions of why false positive effects are not 
found here. One involves a differential 
forgetting hypothesis; the other, a transient 
discrimination between an RR and its 
IARs at encoding. 3 

The major difference between the situa- 
tions in Figure 1a and 1b is that the 
critical stimulus word IAR is the memory 
component in the former, but the RR is in 
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the latte’. Phe first explanation simply 
hypothe that IARs, when they are 
activat: » remembered relatively better 
than th Rs. On the face of it, this 
seems ‘ous. However, if a specific 
IAR i: dered to be an idiosyncratic 
encodi: ch rarely occurs except in cer- 
tain ind ial-word combinations, there is 
good r: to believe that such an idio- 
syncra! ‘coding would survive list inter- 
ference cts, etc., and persist (for the 
indivic relatively longer than an RR. 
This is to say that IARs in general are 
in any more persistent than RRs, but 
that, |.» few individuals, some IARs are 
more px istent. This explanation predicts 
that w! ı critical stimulus word IAR pre- 
cedes : xperimental RR, as happens in 
the for +d association situations, critical 
stimul: ord IARs will be viable enough 
to be recognized as the experimental 
word In the backward association 
directi earlier occurring critical stimulus 
word | will diminish in strength relative 
to IA ictivated with it and will not 
provid. as strong false positive effects 
when taken for later occurring experi- 
menta: «ord IARs. For the experiment 
reporte here it is important to note that 
retenti... intervals should affect the for- 
ward :-d backward association experi- 


mentaí word false positive effects in differ- 


ent wa This will be explained shortly. 
The second explanation is much more 
Simple. It assumes no differential for- 
getting of IARs and RRs, but relies on 
Ss! ability to separate the two at the time 


of encoding, but not soon afterwards. 
Consider the forward association condition, 
In order for an individual to misrecognize 
an experimental word RR as an IAR in 
memory (which he does), he must have 
lost the distinction between earlier acti- 
vated RRs and [ARs. If this were not 
the case, he would easily ascertain that a 
comparison involving a critical stimulus 
word IAR was inappropriate and reject 
the possibility that the experimental word 
under consideration was the earlier critical 
Stimulus word. According to this hy- 
Pothesis, S makes a discrimination similar 
to this involving experimental word en- 


codings, for he rejects the experimental 
word IARs as an appropriate match for 
previously activated critical stimulus word 
RRs. This occurs only in the situation in 
which the critical stimulus-experimental 
word association is backward, for with 
forward associations the experimental word 
RR provides the appropriate match. 

This hypothesis predicts the same general 
effects of forward and backward critical 
stimulus-experimental word associations 
on false positive effects as does the first 
hypothesis, but makes no prediction regard- 
ing interactions of associative direction and 
retention interval between critical stimulus 
and experimental words. This is because 
it relies on S's discrimination between RRs 
and IARs at the time of encoding, not the 
differential forgetting of the two encodings, 
as does the first hypothesis. Thus, if 
critical stimulus-experimental word reten- 
tion intervals are varied, and forward and 
backward critical stimulus-experimental 
word associations are employed in con- 
tinuous recognition lists, the first hy- 
pothesis predicts that the former will result 
in an increase in false positives effects as 
retention intervals increase and the latter 
will result in a decrease. The second 
hypothesis predicts no false positives effects 
for backward associations at any intervals, 
nor any difference in the shape of retention 
interval functions for backward and for- 
ward association conditions. 


METHOD 


Subjects. Forty undergraduate students were 
selected from the student body of Notre Dame 
University. The 30 males and 10 females were 
randomly assigned to two groups of 20 Ss each. 

Design. The experiment was a five within-Ss, 
two between-Ss design. There were two directions 
of association between critical stimulus and experi- 
mental words, forward and backward, and five 
different lags (retention intervals) between the 
critical stimulus and experimental word. Stated 
in terms of intervening items, there were 0, 5, 10, 
20, and 40 words, corresponding to retention 
intervals of 0, 20, 40, 80, and 160 sec., respectively. 

Materials, The stimuli consisted of 170 words 
mounted on 3 X 5 in. plastic cards. The lettering 
was done by hand with a thick black felt marker. 
All letters were approximately 2-cm, tall. Each 
list made up from these words contained 25 uni- 
directional pairs of words obtained from Anisfeld 
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: and Knapp (1968). In addition to these 50 words, 


both the forward and backward association lists 
contained 25 control words, each of which ac- 
companied an experimental word. The control 
words were selected from the Thorndike-Lorge 
(1944) tables so as to match their respective experi- 
mental words with respect to frequency, number of 
letters, concreteness-abstractness, animacy, and 
number of syllables. The control words were not 
associates of any other words and were placed 
within three list positions of their corresponding 


_ experimental words. 


The remaining 95 list positions were occupied by 
filler words. Twenty of these comprised the first 20 
list positions to eliminate warm-up effects, 35 were 
repeated to give the task credibility, and the other 5 
were presented singly in the list. 

Data sheets providing a 6-point confidence scale 


- equally divided between yes and mo were used to 


record responses. The first group of 20 Ss received 


. lists in which the unidirectional associates were 


presented in a forward direction (critical stimulus 
word elicits experimental word) and the second 
group received the same unidirectional associates 


— presented in a backward direction (experimental 
_ word elicits critical stimulus word). In each of the 


qj 


two lists, five pairs were presented at each of the five 
lags, and the specific assignment of pairs to lags 
was counterbalanced such that 4 Ss in each group 
received one stimulus counterbalancing condition. 
Thus, all 10 subgroups were identical except for 
direction of association and assignment of particular 
pairs to lags. 

Procedure. The procedure was identical for all 
Ss, who were run in groups of one to four at a time. 
Ss, who were run in groups of one-four at a time. 
They were seated at desks approximately 1 m. from 


- E's table and received a detailed version of the 


following instructions: 


_ This is a recognition experiment. 
to show you a list of words, 
ask if you have ever seen the 
list. For each word 
marks on the sheet in 


I am going 
one at a time, and 
word before in the 
you are to put two check- 
arke front of you. First, check 

'yes" if you have seen the word before in this 
list, and check “no” if you have not seen the 
word before. Secondly, check "probably" if 
you have very little confidence in your decision 
about having seen or not seen the word before. 
Check "surely" if you are fairly sure, but not 
certain, about having seen or not seen the word 
before. Check "absolutely" if you are certain 
either that you have seen the word before, or 
that you have not seen the word before. Con- 
sider all cards shown you as Part of one list. 
Are there any questions? The first few words 
will be practice words. If you wish to ask any 
questions, feel free to stop me during these. 


These instructions were repeated as needed to 
insure that Ss understood the task. Then the list 
of words was presented visually by hand to the Ss. 
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Each word was exposed for 4 sec., - 
between presentations. 


RESULTS 


Of interest are the mean fals 
rates for experimental and cont 
for both groups. For the forwar 
tion group, the false positives rai 
over retention intervals was .23 
experimental words and .13 
same as their control words. ! 


ositive 

words 
ssocia- 
lapsed 


5) the 
eneral, 


all mean false positive rates reased 
approximately .10 as a function oí. 'ention 
interval. However, forward a:. ciation 
group experimental word rates we: vreater 
at all retention intervals. 

Three scores were extracted fo ach S 
from the false positive data. basic 
data for two analyses of vari con- 
sisted of the differences betwe. xperi- 
mental and control word fals: sitive 
rates and mean confidence rati: The 


standard high-threshold correcti 
1963) was used to transform the 
third analysis.? 

A standard two-between, 
fixed effects analysis of vari. 
carried out for each of the threc 
All three measures showed the sai 
Neither lags nor the Lags X Di:« tion of 
Association interaction reached si» {< ficance 
in any of the three tests. Fo: iags, Fs 
(4, 152) for false positive differen: 
dence ratings, and high-threshoi 
tions were 1.19, 1.08, and .86, re 
(b > .20 for all three). For the in 
Fs (4, 152) for the same three 


(Luce, 
i for a 


within 
e was 
isures. 
results, 


nieasures 
were .30, .76, .04, respectively (p > .20 
for all three). However, critical stimulus- 


experimental word association direction 
showed significance in all three analyses. 
The respective Fs (1, 38) were 12.06, 9.60, 
and 12.70 (p < .01 for all three). 


* This analysis was done only because it is tradi- 
tional for recognition data. Signal detection tech- 
niques are impossible because of the relatively low 
rates of experimental word false positives (whicl 
are interpreted as "hits"). The high-threshold 
correction is at best an approximation to the 
memory operating function derived from suc 
experiments (see Egan, 1958) but it is particularly 
inaccurate in the range of low hit rates and low 
false positive rates (control word false positive rates). 
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The : -ults of the first scoring method, 
the di ace in false positives rates for 
experi al and control words, are shown 


in Fic ?. Although there is a clear 


effect « direction of association, neither 
directi sulted in a montonic trend over 
reten ntervals, 

DrscussioN 

Tw sible modifications of the Bousfield 
et al. 8) RR-IAR memory model were 
prope: > explain why backward associations 
betwe« itical stimulus and experimental 
words xot result in increased experimental 
word f positive rates, while forward associ- 
ations The first hypothesized a tendency 
to for; X Rs at a relatively slower rate than 
RRs to their likelihood of representing 
stable osyncratic encodings. The second 
hypot > asserted that the RR and the IAR 
of an ded word were readily discriminable 
at th. ie of encoding, and that only RR 
match- with RRs or IARs in memory would 
result ‘eS answers. 

Pre ‘ons of the former were that experi- 
menta! word false positive effects (experi- 
menta word false positive rates relative to 
contro’ word false positive rates) in the 

. forwar? association condition (critical stimulus 
word : ‘cits experimental word) should in- 
crease :clative to the backward association 
condition (experimental word elicits critical 
stimul word) as a function of retention 
interva! Predictions of the latter were that 


no false positive effects should occur for back- 
ward associations at any retention interval, 


and that retention interval functions for both 
association directions should be roughly 
parallei. 

The results of the three analyses of variance 


clearly reject the first modification. None of 
the three analyses show any evidence of a 
Significant interaction effect between retention 
interval and association direction. In addition, 
there is no tendency for backward association 
false positive effects to decrease as a function 
9f retention interval except from 20 to 40 
intervening words, where forward association 
effects decrease also. 

Although forward association false positive 
effects appear to offer some support for the 
differential forgetting hypothesis for the 0-, 
Š-, and 10-word lags, three additional analyses 
of variance omitting the last two lags (using 
the same three measures) show the same 
Tesults as the 5-lag analyses. Even so, there 
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FIGURE 2. False positive rate differences be- 
tween experimental (E) words and their control (C) 
words for two critical stimulus-experimental word - 
association directions as a function of retention 
interval. 


is a small divergence between the forward and. 
backward association direction conditions, 
indicating that IARs may be forgotten at a . 
slightly slower rate at short lags. 

The second modification rests on more solid 
ground, mainly because no false positive is 
effects were found in the backward conditions — 
at any retention interval (experimental word ' 
and control word false positive rates are quite 
the same). Thus, a viable conclusion is that - 
the second modification is necessary, but a 
need for the first has not been shown. 

The evidence that representational ani 
implicit associative responses are readily dis- ' 
criminable at the time of encoding raises some 
interesting questions, especially since this 
discrimination must be lost for the two (or - 
more) encodings (RR and IARs) to eventually " 
become confused. This must occur quite 4 
rapidly, for even when an associate of a critical ` 
stimulus word is presented immediately (zero 
lag), false positive effects are quite evident 
(forward association condition). Rather than 
hypothesize an extremely rapid loss of dis- 
crimination, it seems more reasonable to . 
hypothesize a two-part encoding scheme. The 
first stage consists of encoding a word in terms | 
of its RR and comparing it with RRs and IARs 
in memory. If comparisons with memory 
turn up nothing, IARs are generated in an 
effort to elaborate the word RR by generating 
IARs. This results in the loss of the RR-IAR 
distinction. If this were the case, then critical 
stimulus words falsely recognized as having 
occurred before (when they actually haven't) 
should omit the second step in this test 
elaboration sequence, resulting in decreased 
production of IARs and fewer experimental 
word false positives. On the other hand, 


. lists are 
- problem. 


critical stimulus words correctly rejected as 
not having been seen before should result in 
more experimental word false positives. This 


- analysis was carried out for forward associates 


(no effects accrued to backward associates), 
and dramatic differences were found. In fact, 
experimental words whose critical stimulus 
words were incorrectly recognized as having 
been seen before in the list (yes responses) 
showed a false positive rate roughly half the 


` size (.52) of the rate for those experimental 


words whose critical stimulus words had been 
correctly rejected. Evidently, when a word is 
presumed to be “old” no further processing is 


-. done to produce more IARs. 


It appears, then, that S engages in a temporal 
two-stage process in which he generates an 
RR and compares it to what is in his memory. 
Tf he finds no match, he generates IARs as a 
memory aid. There is evidence indirectly 
supporting this hypothesis from tasks dealing 
with associative false positive effects using 
intentional and incidental learning instructions. 
It seems that S will more readily generate 
IARs (reflected in increased false positive 
effects) under intentional rather than inci- 
dental learning instructions when adequate 
encoding time is allowed (Eagle & Ortof, 1967; 
Wallace, 1968). When time is restricted to 
4 sec. or so, intentional instructions do not 
result in increased false positives effects 
(Cramer, 1970a, 1970b). Thus, S deals with a 
word to be learned in a recognition list by 
generating JARs, but he cannot do this 
without adequate time. 

There are two major implications of such 
an encoding process. The first involves the 
possibility that during the major part of 
relatively long presentation intervals (2 sec. 
or longer) in continuous recognition tasks 
encoding may be under Ss’ control, and in cases 
where he mistakenly recognizes a new word 
as old, the word is not given the same treat- 
ment as would a word clearly intended to be 
later recognized. The adoption of a two-list 
recognition, in which the presentation and test 
clearly defined, minimizes this 


The second implication considers the nature 
of the elaboration process, At the very least, 
IARs are generated in an attempt (a) to 
classify the word as one occurring in the list, 
or (b) to discriminate the word from. others in 
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the list. Which function is se: is not 
certain, but it seems intuitively o' -ous that 
elaboration would be counterpre -tive to 


discrimination, especially in a list le up of 


word pairs of high similarity. Th: it seems 
reasonable to conjecture that former 
purpose is a more viable enc sult of 
elaboration, 
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in a retroactive inhibition design em- 


language, that of the present situation. 
All that must be activated is an output 
switch (cf. Macnamara & Kushnir, 1971) 
that automatically encodes all words being 
output into the same language. 

This type of mechanism would account 
for the findings of positive transfer in the 
paradigms previously investigated. Given 
that the words, or types, have been acquired 
in first-list learning, all that Ss must do in 
second-list learning is translate these words 
into the other language, because all the 
words on any list are in the same language. 

Recent research has indicated that in 
certain situations where bilinguals are 
forced to retain language information for 
specific items as well as retain the items 
themselves, recall suffers. In particular, 
the recall of the language of specific items 
is interfered with, even though the items 
themselves may be recalled (López? & 
Young, 1973). 
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RETROACTIVE INHIBITION IN A BILINGUAL 
A-B, A-B’ PARADIGM : 
MIKE LOPEZ, ROBERT E. HICKS,? ann ROBERT K. YOUNG? 
University of Texas at Austin 
No cues were given to indicate the language of a specific response in the learning 
f paired-associate lists by Spanish-English bilinguals. The effects of the 
absence of these cues were investigated 
ploying four conditions of transfer. The results supported an interdependence 
hypothesis of bilingual organization of memory. 
Mos dies of transfer of training with 
bilingu: have yielded results indicating 
that, i positive transfer paradigm is 
employ associations formed in one 
langua: vill facilitate the formation of new 
associa! 1s in a second language, while 
emplo; a negative transfer paradigm 
will re in interference with the forma- 
tion c' «ew associations in the second 
langue (e.g, Young & Saegert, 1966; 
Young Webber, 1967). While these 
results © interesting, they are not entirely 
surpri since other research in free- 
recall idigms has demonstrated a sort 
of equ: .ience in memory of an item and its 
transi; on (Glanzer & Duarte, 1971; 
Kolers. 1966). That is, the presentation 
of an item or its translation appears 
to aciivate the same representation in 
memory. It is this semantic representation, 
the meaning of the word, that must be 
stored in order to retain item information, 


necessarily the language token, 
gh some language information must 
be retained if the word is to be recoded in 
the same language during recall. In most 
unilingual situations, however, the reten- 
tion of this language information is not 
really necessary for individual items, since 
all words are being encoded in the same 
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The language of an item then, may be 
thought of as information in addition to the 
meaning of the item, perhaps as a type of 
representing symbol used as an encoding 
category. Language of items as an en- 
coding category in short-term memory has 
been investigated in a release from pro- 
active interference paradigm (Goggin & 
Wickens, 1971), with results comparable 
to the release obtained when the represent- 
ing symbols of numbers are shifted from - 
Arabic numerals to spelled-out numbers 
(Wickens, 1972). 

The present experiment was designed to 
investigate bilingual transfer of training 
and retroactive inhibition in a situation 
that provided no contextual cues for the 
recoding of specific items into one language 


or the other, a situation in which the 
activation of an automatic output switch 
will not suffice, as specific items must be 
output in a specific language. Given this 
situation, if the language of an item is 
stored together with the semantic repre- 
sentation of that item in memory, there 
should be substantial agreement with pre- 
vious findings. On the other hand, if the 
language cues provided by a unilingual 
situation are necessary for proper recoding, 
that is, if the language is not stored together 
with the semantic representation, perhaps 
the positive transfer found in previous 
studies might be decreased or negated 
altogether. 


A 


METHOD 


Subjects. The Ss were 32 Mexican-American 
bilinguals enrolled in psychology classes at the 
University of Texas who volunteered to participate 
in this experiment. None of the Ss had previously 
served in a verbal learning experiment. These Ss 
were asked to rate themselves on a number of 
ariables related to language acquisition and 
fluency. 

Materials. Verbal materials were 64 common 
nouns—24 English, 24 Spanish, and 16 used both 
in English and Spanish. The English equivalent 
. of each of these nouns had Thorndike-Lorge (1944) 
ratings of A or AA. These were arranged to form 
lists composed of 16 pairs each. In each list half 
of the stimulus members of the pairs were in English 
and half were in Spanish, and half of the response 

lembers paired with each stimulus language were 
in English and half in Spanish. There were thus no 
cues to denote the language of any item, since a 
response item could be paired either with a stimulus 
in the same or the other language with equal 
probability. - 

Procedure. Each S was first given standard 
... paired-associate (PA) learning instructions. and 
. then learned the first list. The Ss were run in- 

dividually and learning was by the anticipation 
. method. Order of presentation of the pairs was 

randomized across 10 trials, and the lists were 
presented via a tape recorder at a 2:2 sec. rate with 
a 10-sec. intertrial interval, Following 10 trials on the 
. common first list, Ss were told that they would now 
learn a second list, and were reminded of the 
. paired-associate instructions. They were then 
given 10 trials on one of four lists: (a) an A-B’ list 
in which only the language of the responses was 
changed; (b) an A—Br list in which responses were 
re-paired with first-list stimuli, but the language 
was not changed; (c) an A-B’r list, in which the 
language of the responses was changed and the 
responses were re-paired; and (d) a C-D list com- 
posed of items unrelated to the first list. The 


; 
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structure of each of these second lists wa- «ch that 
there were still an equal number of inter- © d intra- 
language pairs in each language, as in t irst list, 
Following learning of the second list, © 5s were 
given 10 relearning trials on the first list. ere was 
about a 1-min. delay between lists t« ow for 
changing tapes and reminding Ss of the i^. :ctions, 

Two Es each ran the same number « The 
design can thus be summarized as a 2 ctorial 
with two Es and four conditions of trans n=4 
per cell). No Ss were dropped from the « iment, 

RESULTS 

The Ss indicated that they ha’ poken 
English for a mean of 18.47 yr. and! -vanish 
for 20.19 yr., a nonsignificant d rence, 
However, they rated their fl y in 
English (on a 1-7 scale) at 5.9! ^ad in 
Spanish at 3.97, and this differ was 


significant, ¢ (31) = 5.13, p < Of 


the 32 Ss, only 3 indicated a pref: e for 
thinking in Spanish. The Ss app: to be 
compound bilinguals who ar iglish 
dominant (cf. Ervin & Osgood, 1 

Analysis of the number of iten »rrect 
per trial during first-list learning ealed 
no significant main effects or int tions, 
except the main effect of trials, ` | was 
significant at the .001 level, / 216) 
= 89.37. The Ss in all four «c 'itions, 
can thus be assumed to have lear od the 
first list equally well. 

Second-list learning produced d: rences 
between the groups. The condit main 
effect was significant, F (3, 24) = 3.10, 
b «.05, as was the trials main effect, 
F (9, 216) = 57.59, p < .001. In addition, 


the Condition X Trials interaction was also 
highly significant, F (27, 216) = 2.26, 
P «.01. A trend analysis was computed 
on this interaction and the Condition 
X Linear Trend over Trials interaction 
attained significance, F (3, 24) = 4.90, 
P «.05. Further decomposition of the 
interaction indicated that the Lincar Trend 
X A-B' vs. C-D interaction reached signifi- 
cance, F (1, 24) = 4.51, p « .05, while the 
interaction of the linear components 0 
A-Br and A-B'r failed to attain signifi- 
cance, F (1, 24) = 3.31, p < .10. The 
course of second-list learning is depicte 
in Figure 1. : 
One effect that should be noted in 
Figure 1 is the relationship between the 
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FIGURE 1. 
four conditions of transfer. 
transfer paradigms employed.) 


A-B’ art C-D groups. Whereas the A-B’ 
group s is out with a definite advantage 
over th D group, the advantage is soon 
Overco: and the C-D group's perform- 
ance is iigher at the end of second-list 
learnin; In other words, a positive 
transfer effect of the A-B’ paradigm 
becomes negative transfer by the end of 
Second-iisc learning. 

j Another interesting relationship shown 
in Figure 1 is that between the A-Br and 
A-B'r groups. Although it might have 


been expected that the A-B/r group would 
have additional cues to differentiate be- 
tween List 1 and List 2 pairs, and therefore 
avoid the strong negative transfer effect 
of the A-Br paradigm, this expectation 
Was not realized. In fact, the A-B'r 
&roup's performance was worse than that 
of the A-Br group for most of the course 
of the 10 trials. 

Although analysis of first-list relearning 
did not reveal a significant main effect of 
Condition, an orthogonal comparison of the 
C-D group vs. the other three groups was 
Significant, F (1, 24) = 4.94, p < .05, indi- 
cating that retroactive inhibition had been 
Produced. The trials main effect was 
Significant, F (9, 216) = 32.34, p < .001. 

he Condition X Trials interaction was 
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6 7 8 9 10 
Trials 


Mean correct per trial during second-list learning in each of the 
(See text for a more complete description of the 


once more significant, F (27, 216) = 1.73, 
p < 05. 

Figure 2, depicting the course of first-list 
relearning, reveals an initial advantage of 
the C-D group over the other three groups 
that is maintained over all 10 trials, 
although the margin of the advantage is 
reduced. It should be noted that once 
more the A-B” group shows an inhibition 
effect relative to the control (C-D) group, 
although this inhibitory effect is not as 
strong as for the A-Br or A-B'r groups. 

The initial hypothesis of reducing the 
amount of positive transfer for an A-B’ 
paradigm by eliminating situational cues 
as to the appropriate language for specific 
items was supported by the analyses of 
items correct per trial. It was felt, how- 
ever, that additional support for this 
hypothesis could be provided by evidence 
that Ss in the A-B’ group (and the A-B’r 
group) actually did make more translation 
errors than did Ss in the A-Br or C-D 
conditions, who never encountered a lan- 
guage change of items. ^ Accordingly, 
analyses were performed for the number 
of translation errors per trial for each list. 
If Ss in the A-B' and A-B'r groups actually 
did have trouble discriminating between 
which language was appropriate for specific 
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FIGURE 2. 


. items in different lists, that difficulty 
should be reflected in the number of times 
Ss responded with the wrong representation 
(language) of the correct word. 

Analysis of translation errors on the first 
list revealed no significant main effects or 
interactions. This is consistent with the 
finding of no significant main effect of 
condition or interaction with condition in 
the analysis of number correct per trial 
in first-list learning. 

Although analysis of second-list trans- 
lation errors did not show a significant 
main effect of condition, a comparison of 
the A-B' and A-B'r vs. the A-Br and 
C-D groups did reach significance at the 
.05 level, F (1, 24) = 5.31. The trials 
main effect was significant at the .01 level, 
F (9, 216) — 4.03, as was the Condition 
X Trials interaction, F (27, 216) = 1.94. 
These findings are quite consistent with 
the results of the analysis of number 
correct per trial on List 2. The A-B’ and 
A-B'r groups are forced to discriminate 
between the two representations of the 
same words that have been presented in 
the two lists. This problem does not arise 
in the case of the A-Br and C-D conditions, 
although Ss in these groups do make a few 
errors, reflecting the imperfection of the 
language encoding dimension. 
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Mean correct per trial during the relearning of the first list 
in each of the four conditions of transfer. 


earn mia E 


ee d 


Differences in translation e during 
first-list relearning were rcf. 1 in a 
significant condition main effe: (3, 24 
= 417, p < .01, and once ay a com- 
parison of differences betwee e A-B’ 
and A-B'r vs. the A-Br and ( groups 
was significant at the .01 levei, — (1, 24) 
= 11.02. A significant mai: ‘ect of 
trials was found, F (9,216) = 3.) » < 01, | 
but the Condition X Trials sraction 
failed to reach significance at t! 05 level, 4 
F (27, 216) = 1.54. Once again, ive occur- 
rence of language errors across onditions 
reflects the state of affairs in lisi learning 


as measured by number of correc: responses 
per trial. : 
It is obvious that Ss in the translation 
condition were faced with a discrimination 
problem of imposing proportions. lt 
should be equally obvious that the locus 
of this discrimination was not in th 
semantic representations of the words in 
memory, but rather in choosing whic 
symbolic representation to pair with the 
correct semantic representation. Althoug 
tradition holds that introspective reports 
of Ss are not to be trusted, it is significant 
in this study that almost all of the Ss ™ 
the A-B’ condition reported their We 
tion and chagrin at knowing "the e | 
word,” but not knowing whether it shou 


the $ 
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be said ‘nglish or Spanish. In this 
case the »orts are corroborated by the 
data. 

At th: nt it might be well to report 
a final sis carried out on the data. 
Because e English-dominant nature of 
the S sa , it was felt that there might 
have be: tendency for Ss to respond in 
English. n responses should have been 
made i inish. This tendency might 
have r d in a strengthening of the 
English resentations of the words, and 
possibly biasing of the data. An analysis 
for this dency was carried out on the 


error d Two scores were obtained for 


each S for the number of English and 
one foi number of Spanish translation 
errors all three lists. Although the 
mean : ber of English errors (responding 
in En; when a Spanish response was 
correc! is found to be 8.34 as compared 
toaS sh mean of 5.88, this difference 
was n 'atistically significant. 
DISCUSSION 

The its of the present experiment sup- 
port interdependence hypothesis of bi- 
lingua! ganization of memory. Specifically, 
this in. dependence is seen as being related 
to the "presentations of words in memory. 
An inte. -iependence notion of bilingual organi- 
zation .: memory in which words with the 
same meaning but in different languages (i.e., 
a word and its translation) are stored in- 
dependently of each other would not account 


for these data. The presentation of a word 
and its translation results in the same semantic 
representation in memory not because of an 
active translation on the part of the bilingual, 
but because of a particular language history 
of the compound bilinguals who form the 
population under study. 

The comparison of the A-Br and A-B'r 
conditions is particularly instructive with 
respect to the inadequacy of language tagging 
in differentiating between a word and its 
translation in the absence of situational cues 
Provided by a unilingual context. It was 
expected that the A-Br paradigm should 
Produce negative transfer, and this was what 
happened. However, if Ss were able to 
differentiate between a word and its transla- 
tion in this bilingual situation, the A-B'r 
Paradigm should have produced less negative 


Aer UT ee e 


transfer, because of the extra cues for response 
differentiation provided by the re-pairing of 
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stimuli and responses and the switching of : 


languages. In fact, the A-B'r group showed 
greater negative transfer than the A-Br 
group, due to the occurrence of translation 
errors in some cases where Ss did make the 


re-pairing of the semantic representations of. 


the words in memory, but could not recode 
these re-paired representations in terms of the 
correct symbolic representations. 

The crossover effect noted in second-list 
learning for the A-B’ and the C-D conditions 
is suggestive of a discrimination of language 
encoding of the words in terms of subjective 
frequency. That is, the translation of items 
from one language to the other is relatively 
easy on the first few trials for the A-B’ group, 
and there is therefore a decided advantage over 
the C-D group. This advantage disappears 
as a judgment on the basis of relative fre- 
quency becomes more difficult over trials, at 
the same time that the C-D group is acquiring 
more and more of the new pairs (Ekstrand, 
Wallace, & Underwood, 1966). 

It is interesting to note that practically the 
same pattern of results has been obtained in a 
study by Postman and Stark (1969). They 
found that transfer in an A-B, A-B’ uni- 
lingual paradigm changed from positive to 
negative over trials. They interpreted this 
effect by assuming that B and B' became 
increasingly difficult to differentiate as the 
latter increased in strength. They also 
obtained significant RI in their R condition 
with an A'-B' paradigm. Similarly, Ory 
(cited by Wickens, 1970) using items from 
different taxonomic classes found essentially 
the same pattern of results. In that study, B^ 
denoted an item from the same encoding 
category as B. This supports the present 
view of language as an encoding category of 
words that may be stored when a word is 
presented but is not a part of the semantic 
representation of that word. 


In summary, the present finding of negative ` 


transfer and retroactive inhibition in an A-B, 
A-B’ paradigm is taken as evidence that 
bilinguals store words in memory in terms of 
the semantic representation of those words, 
with the presentation of a word and its trans- 
lation resulting in the activation of the same 
semantic representation in memory. Activa- 
tion of independent representations by a word 
and its translation, as would be predicted 
by an independence hypothesis of bilingual 
memory, would not account for these results. 


"The data further suggest that in a bilingual 
tuation such as the present one, Ss rely on 
judgments of relative frequency to determine 


In most other situations, 
language encoding of individual words is 
redundant and unnecessary, since monolingual 
ommunication may activate an automatic 
input and output switch. 
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EFFECTS OF FORMAL SIMILARITY: 
PHONETIC, GRAPHIC, OR BOTH? 


^S L. NELSON,? DAVID H. BROOKS, AND RICHARD C. BORDEN 


University of South Florida 


ien words are formally similar in a paired-associate list they share graphic 
well as phonetic features. This series of experiments was designed to 
parate the effects of each type of similarity as a function of both ordinal 
sition of similarity and modality of presentation. When presentation was 
thin the visual mode the results suggested that both graphic and phonetic 
"tures were processed at both the initial and terminal positions of the 


‘imulus words. When presented in 
atures were apparently processed. 


When stimuli of a paired-associate 
(PA) lis: -.isist of common words, manipu- 
- lations o ordinal position of letter shar- 
ing amon. :he stimulus words systematically 
affect pc vance. Acquisition is most dis- 
rupted v the first letters of the stimulus 
words a:. identical, next most disrupted 
when la tters are identical, and least dis- 
rupted \ letters within the middle posi- 
tions of words are identical. This ordinal 
position « ‘ect appears to be independent of 
word lecsih, presentation modality, rate, 
type of response, imagery level, and semantic 
context (^ g., Nelson & Borden, 1973a; Nel- 


vooks, 1973; Nelson, Brooks, & 
1972), and the effect appears to 
in the stimulus recognition phase 
ion (Nelson & Borden, 1973b). 
Furthermore, the phenomenon appears to 
have some generality, since it is obtained 
When words are coded for free recall (Nel- 
Son, 1969) and when stimuli overlap with 


their responses (Nelson, Fosselman, & 
Peebles, 1971). Under these conditions, 
however, a reverse ordinal position effect is 


obtained, ie. acquisition is fastest when 
stimulus words share first letters with their 
Tesponses, etc. Thus, the location of identi- 
1This research was supported by Grant MH- 
16360 to the frst author from the National Insti- 
tute of Mental Health. The experimenters are 
grateful to the following students for aiding in the 
Collection of data for these experiments: Christine 
imple, Virginia Cruise, Joelle Presson, Steve 
Cris, and David Santisteban. 
quests for reprints should be sent to Douglas 
Nelson, Department of Psychology, University 
9f South Florida, Tampa, Florida 33620. = 
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the auditory mode, only phonetic 


cal letters within common words will pro- 
duce differential interference or facilitation, 
the direction of the effect being dependent 
upon task requirements. 

Tn attempting to explain this phenomenon, 
Nelson (1972) hypothesized that words are 
processed as sets of distinctive features. 
"These features are empirically identifiable as 
graphic, phonetic, associative, semantic, and 
imaginal, but theoretically they could consist 
of any discriminable attributes (e.g., Gibson, 
1971; Wickens, 1970). Accordingly, when 
a word is presented in conjunction with at- 
tempts to remember it or to associate some- 
thing to it, one or more of its features are 
hypothetically primed. These primed attri- 
butes in turn are presumed to influence or to 
control processes related to subsequent stim- 
ulus recognition or retrieval. Within the 
context of these assumptions, the ordinal 
position effect was interpreted as reflecting 
the coding of the phonetic features of the 
stimulus words, assuming that these codes 
possessed a characteristic first-last-middle 
serial structure. : 

In all of the experiments concerned with 
the effect, the stimuli were formally similar 
and, hence, in addition to sounding alike, ` 
they also looked alike. This confounding 
was essential because the high grapheme- 
phoneme correspondence for English words 
severely limits the number of words that are 
phonetically but not graphically similar. The 
unavailability of these stimuli would have 
precluded the systematic investigation of the 
ordinal position effect. However, in spite of 
the confounding of phonetic and graphic 


similarities, it seemed reasonable to assume 
that the differential effects produced by vari- 
ations in the location of identical letters 
should be attributed to phonetic commonali- 
‘ties. The Ss were required to pronounce 
test stimuli aloud before attempting response 
anticipation, confusions in reading stimuli 
aloud were observed to be extremely rare 
and, most importantly, the differential inter- 
ference effect was obtained when the ma- 
terials were presented auditorily instead of 
visually. However, rather than continuing 
in this assumption, the present series of ex- 
= periments represented an attempt to separate 
the potential contributions of each factor. 
Experiment I was designed to evaluate facili- 
= tation as a function of the sharing of common 
. features. Stimuli overlapped with their re- 
spective responses within terminal letter 
positions, and the nature of this sharing was 
varied so that, in different lists, factorial 
combinations of high and low phonetic and 
graphic similarity were represented. Ex- 
periment II was designed to generate inter- 
ference as a function of variations in these 
dimensions and, therefore, pairs of stimuli 

. were similar in both attributes, similar in 
only one attribute, or they were dissimilar 
with respect to both attributes, Experiment 
IIT represented a replication of the interfer- 
ence experiment under conditions of auditory 

= presentation. The aim of Experiment IV 
. Was to isolate the relative effects of phonetic 
. and visual effects within the initial positions 
of the stimulus words under conditions of 
-. visual presentation, and Experiment V repre- 
Sented a replication of this experiment under 
conditions of auditory presentation. At the 
outset of this effort it was expected that 
phonetic effects would Tepresent the primary 


if not the sole source of variance in all of 
these experiments. 


Experiment I 
Method 


Verbal material, Twelve-item PA fists were 
constructed so that, in certain conditions, stimulus 
word endings coincided with their respective re- 
sponse word endings. High and low phonetic and 
graphic similarity were factorially varied in differ- 
ent lists such that all pairs within a given list were 
similar on both dimensions (eg, HEAL-MEAL) 
similar phonetically but not graphically (eg, pAy- 
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SLEIGH), similar graphically but : 
(eg, SOUR-TOUR), or dissimilar on ! 
(e.g, DEN-TOUR). Two entirely à: 
lists were constructed for each of ti 
tions. In each of these lists phonet 
similarity were minimized among t! 
among the responses, and obvious se: 
tive relationships among all item: 
were eliminated. In addition, all Ji: 
cribed phonetically by an expert in 
the basis of the results of this ir 
phonetically similar lists were judge 
high in phonetic similarity and tix 


ic-associa- - 
in the list 
ere trans- 
field. On 
‘ption, the 
be equally 
»onetically 


dissimilar lists to be equally low i: etic simi- 
larity. 

Procedure, In individual session 'ctice was 
by the method of anticipation for a t f 20 trials 


following the study trial or for 4 con: 
less trials, whichever came first. | 
S pronounced each stimulus word a 
tempting response anticipation. Slid: 
were presented via a Kodak Caro: 
jector driven by an auxiliary timer a 
Tate. There was no intertrial inter: 
of pairs were presented in four u 
varied orders, with the restriction th 
pairs intervene between the presenta 
and its reoccurrence. The sequence 
four orders was changed for each 
dition. All Ss learned the same pr 
two pairs (names-verbs) prior to 1 
experimental task. 

Subjects. With half of the Ss a | to each 
list set, there were four groups of 1/ The Ss 
were assigned to conditions in bloci 8, with 1 
S from each condition and list per bio. Order of 
treatments within blocks was dete ved by a 
table of random numbers. All Ss selected 
Írom courses in introductory psycho: .y and Ie 
ceived points toward their grades for participation. 
A male E collected all of the data. 


ive error- 
'st trials, 
before at- 
all items 
lide pro- 
5: LS sec 
Sequences: 
omatically 
least two 
of a pair 
ch of the 
each con- 
` task of 
aking the 


Results 


Mean total errors per S as a function of 
variations in phonetic and graphic similarity 
are shown in Table 1. Comparison of these 
values indicated that fewest errors were ob- 
tained when stimulus-response pairs over- 
lapped on both dimensions, with next fewest 
obtained when pairs overlapped on either 
dimension. The greatest number of errors 
occurred when both phonetic and graphic 
overlap were low. An analysis of variance 
of these data indicated that the main effects 
of phonetic similarity, F (1, 60) = 2859. 
and graphic similarity, F (1, 60) = 21.89, 
were significant at p < .01. The interaction 
between these two sources was not reliable, 


F (1,60) = 1.30. 


TABLE 1 


MEAN | > AS A Function or PHONETIC 
ANT .PHIC STIMULUS-RESPONSE 
OVERLAP 

Phonetic similarity 
Graphic j 
similarit 
High Low M 
High 38.63 96.25 67.44 
Low 90.32 127.69 109.00 
M 64.47 111.97 
EXPERIMENT II 

The is of Experiment I suggested 
that stin ‘response sharing of either type 
of featu cilitated acquisition. The pur- 
pose of © periment II was to determine if 
each of "e factors would also generate 
interfer: if manipulated within the word 
endings ‘he stimulus side of the PA task. 
Methoi' 

Ten-it ^ lists were constructed so that, in 
differen: pairs of stimuli were high or low in 
either p) "c or graphic similarity, e.g., in one 
of the h shonetic-low-graphic lists the stimulus 
pairs we VFF, LAUGH, FLU, DEW, PANTS, GLANCE, 
CROSSED, > VEIN, PLANE. As in the previous 
experim: two entirely different but apparently 
equivale: iists were constructed for each condi- 
tion, Re. nse terms were the numbers 1-10, and 
they we andomly assigned to stimuli with the 


iat no obvious associations were formed. 
ural details were identical to those of 
Experimeit T, except that practice was continued 
for 25 ty or for 4 consecutive trials without 
re were 20 Ss within each similarity 
Condition, 10 assigned to each list, making a total 
of 80 Ss. A female E collected all data. 


Results 


The means of errors to the acquisition cri- 
terion as a function of phonetic and graphic 
stimulus similarity are shown in Table 2. 
As in the previous experiment, both of these 
factors affected performance. The analysis 
of variance of these values indicated that 
Phonetic similarity, F (1, 76) =5.71, p< 
05, and graphic similarity, F (1, 76) = 
31.95, p < .01, were reliable, and that F for 
the interaction was less than unity. 


Experiment III 


The cumulative results of Experiments I 
and IT indicated that, under conditions of 
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visual presentation, reliable amounts of facili- 
tation or interference were generated by the 
sharing of both phonetic and graphic features. 
The aim of Experiment TII was to determine 
if each of these factors would also generate 
interference under conditions of auditory 
presentation. "The question of specific inter- 
est concerned the potential interference effect 
engendered by graphically similar items: 
Will items that overlap only graphically pro- 
duce interference as auditorily presented PA 
stimuli? Although intuitively improbable, 
such an effect would suggest that graphic 
features of orally presented words are pro- 
cessed as, analogously, phonetic features of 
visually presented words are processed, Al- 
ternatively, if sharing of graphic elements 
failed to generate interference, this finding 
would suggest that the phonetic-graphic con- 
founding occurring when formal similarity is 
manipulated can be effectively avoided by 
simply presenting items within the auditory 
modality. 


Method 


To make the tapes for auditory presentation, the 
items of each list used in Experiment II were pro- 
jected via the slide projector at a 2:2 sec. rate, 
and a male E read aloud each stimulus and each 
pair as they appeared. His readings were taped 
using a Norelco cassette tape recorder, and these 
recordings were in turn used to present the ma- 
terials to .$ over a speaker. For each list, four 
different orderings of list items were recorded, 
Thus, other than being presented in the auditory 
mode, the responses, acquisition criterion, and other 
procedural details were identical to those used in 
Experiment II. 

There were 32 Ss assigned to each similarity 
condition, 16 to each list and 4 to each order. 
Thus, a total of 128 Ss served in the experiment, 


Each of two female Es collected half of the data — . 


so that E was balanced with respect to conditions, 
lists, and list orders. 
TABLE 2 


MEAN ERRORS As A FUNCTION OF PHONETIC 
AND GRAPHIC SIMILARITY OF TERMINAL 
LETTERS (VISUAL PRESENTATION) 


Phonetic similarity 


Graphic 
similarity 
High Low M 
High 86.45 69.45 77.95 
Low 48,80 35.55 42.17 
M 67.62 52.50 


NT 


: 


- these values indicated that 


- reliable amounts of 
ence, 
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TABLE 3 


MEAN ERRORS AS A FUNCTION OF PHONETIC AND 


GRAPHIC SIMILARITY or TERMINAL LETTERS 
(AUDITORY PRESENTATION) 


Phonetic similarity 


Graphic 
similarity 
High Low M 
High 55.16 43.63 49.39 
Low 58.78 43.53 51.16 
M 56.97 43.58 
Results 


Table 3 displays mean errors to the acqui- 
sition criterion associated with manipulations 
of similarity. An analysis of variance of 
phonetic simi- 
larity, F (1, 124) = 6.54, p < 05, was a re- 
liable source of variance, and that graphic 
similarity and the interaction of these two 


. Sources were not (Fs « 1). Under condi- 


tions of auditory presentation, visual sim- 
ilarity among pairs of stimuli produced no 


- apparent disruption, 


EXPERIMENT IV 


The results of the first two experiments in 
this series indicated that, under conditions of 
visual presentation, the sharing of phonetic 
or visual features at word endings produced 
facilitation or interfer- 
The specific purpose of Experiment 
IV was to isolate the relative contribution of 
each of these factors at initial positions under 
- conditions of visual presentation. 


Method 


CEREAL, CIGAR, GASKET, GARDEN, PHANTOM, PHEAS- 
ANT), only phonetically similar (eg, CELERY, 
SILVER, JACKET, GENERAL, FURNACE, PHEASANT), or 
only graphically similar (CE. CEREAL, CURTAIN, 
GASKET, GENERAL, PHANTOM, POWER), The remain. 


. ing 4 stimuli of each list were dissimilar on both 


dimensions. This procedure was used for con- 
structing the lists because of the impossibility of 
obtaining 5 pairs of words that would meet the 
similarity criteria, The grapheme-phoneme corre- 
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spondences were found to be ic 


initial relative to the termina! ns. Of all 
of the letters of the alphabet, oni letters C, G, 
and P have two alternate sour: : of which is 
identical with respect to the sou: :nother letter 


of the alphabet. In each cas ternate pho- 
netic representation is largely « ined by the 
vowel sound following the initia! r, eg, Cam 
CU cannot be pronounced /s/. ixe low simi- 
larity lists, all 10 stimulus wor: e dissimilar, | 


word taken” 
FAL, GARDEN, 


but half of the items consisted . 
from pairs in the similar lists (e , 
PHANTOM, etc.). 

The response terms and the 


were identical to those of Expe There 
were 16 Ss assigned to each si v condition, 
eight to each list, making a to 64 Ss, A 


female E collected all data. 
Results 


Mean total errors per 5 ‘unction of 


phonetic and graphic similar: t first let- 
ters are shown in Table 4 'arison of 
these values indicated that sition was 
disrupted by high graphic si: ty and, to 
a lesser degree, by high ph similarity. 
However, an analysis of va: > of these 
data indicated that only gra similarity 
significantly interfered with ; mance, F 
(1, 60) = 4.87, p < .05. 

A second analysis was per! ned to de 
termine the locus of the inter{:.ice effects 
within a given list. These effec: -ould have 
been limited to stimulus pairs «icing a pat- | 


ticular feature, or they may have generalized 4 
to all stimuli within a given list. Thus, for 
each S in each condition, mean errors ob- i 
tained on the six experimental stimuli and 
on the four control stimuli were separately 
tabulated. The "experimental" words in the 
low-phonetic-low-graphic list consisted of 
those single stimulus words taken from pairs 
appearing in the similar lists. These values 


TABLE 4 


MEAN TOTAL ERRORS AS A FUNCTION OF. Paon H 
AND GRAPHIC SIMILARITY OF First LETTER 
(VISUAL PRESENTTION) 


Phonetic similarity 


Graphic 
similarit: 
um High Low M 
High 61.50 53.50 57.50 
Loe 42.00 40.25 41.12 
M 51.75 46.87 


variance indi 


larity X Wor« 
21620, p< 
least significa 
on the within 
when graphic 
cantly more 
mental stimul 
(491). WI 
there were : 
mental word 
(447). Th 
the interfere: 
larity appea: 
mental pairs 


Experime: 
tory compli: 
Intent was t 
hess of gra 
while the x 
features wou! 
orally prese: 


Method 


The tapes 
Corded by the 
as before, Th 
lists themselves 


~ Ment, 8 to each lj 
T total of 64 Ss for 
two male Bs colle 

With respect to all 


Results 


As indicated 
acquisition crite 


MEAN Errors AS 


PHON C AND GRAPHIC SIMILARITY IN PROCESSING 
are displayed > 


source of vari c was the Graphic Simi- 


mt oe ‘or each condition were recorded. Since the metric underlying each type of sim 
re were 16 S's 


Conditions of high and low graphic similarity 
and app roximately 20% greater for condi- appear to be coded only when the stimuli are 


HONETIC AND GRAPHIC SIMILARITY Although GENERAL and GASKET are read appr 


ble 5. An analysis of 
that the only reliable 


pe interaction, F (1, 60) 
A Fisher’s two-tailed 
lifference (a = .05) based 


Graphic 


similarity 
error term was 71. Thus, High Low 
nilarity was high, signifi- High 42.75 29.44 
‘rs were made on experi- Low 37.69 34.94 
29) than on control stimuli a 4022 32:19 


visual similarity was low 
ifferences between experi- 


83) and control words tions of high as compared to low phone! 
omparisons indicated that similarity. However, the analysis of v. 
'enerated by graphic simi- ance of these data indicated that phonet 
' be limited to the experi- similarity, F (1, 60) = 1.23, graphic sim 
larity (F < 1), and the interaction of thes 
two sources (F « 1) all failed to achieve th 
criterion of statistical significance. This pa 
was designed as the audi- tern was unaltered by another analysis 
of Experiment IV. The variance in which each list was broken do 
w that the relative effective- into subsets of experimental and contro 
features would be reduced ^ words. $ 
e effectiveness of phonetic 
e enhanced when pairs were 


PERIMENT V 


Discussion 


The assumption that the effects of formal E 
similarity are produced solely by the sharing of 
phonetic features is false. These effects, whether 

auditory presentation were re- they are facilitating or debilitating in direction, 
ue male E, in the same manner arise because both graphic and phonetic fea 
nly known differences were in the tures represent functionaly effective components 
nd in the fact that only two dif- of the memory codes of PA stimulus words 


signed to each similarity treat- larity is unknown, it is impossible, at least on 
st and 4 to;each order, making a the basis of the results of these experiments, to 
the entire cxemara en determine the relative contributions of each 
factor. What can be stated is that the effective 
ness of phonetic as compared to graphic atti 
butes depends, at the very least, on the modali } 
through which the materials must be assimi 

lated. Phonetic features are apparently pri 
cessed when stimuli are presented either visuall; 
or auraly. By contrast, graphic feat 


cted all data, and E was balanced 
variables. 


in Table 6 mean errors to the 
rion were nearly identical for 


shown visually. This graphic interference is z 
TABLE 5 obtained even though the stimuli are pronounced 
a Function or Worp Tyre AND aloud correctly prior to response anticipation. 


grap! 


High L High Low i i 
Word type | phonetic- | phonetic- | phonetic- | phonetic- spective responses are often intruded. Thus, 
hig! high low low the interference attributable to the processin 


priately when shown as test stimuli, their ri 


i i hic | graphic te X 
hie yerani een of graphic features apparently occurs at som 


E 


periment; 3.76 : ES 
Contro ott "SE 20d ee 4.28 point after the stimuli have been read aloud, 


suggesting that it is not simply the result of 


stimulus misidentification at the perceptual level. 
The findings of this series of experiments 
also carry implications for an earlier interpre- 
tation of the ordinal position effect (eg. Nel- 
— son, 1972). Under conditions of visual pre- 
sentation, graphic similarity generated reliable 
amounts of interference at both initial and 
terminal positions. Under comparable condi- 
tions of presentation, phonetic similarity gen- 
erated interference when sharing was located at 
terminal positions and, to a lesser extent, when 
it was localized at initial positions. Super- 
_ ficially considered, the latter finding suggests 
_ that distinctive phonetic attributes are relatively 
- more critical at word endings than at word be- 
ginnings. Although such may be the case, this 
inference cannot be drawn from these experi- 
ments. Decause of restrictions imposed by the 
nature of the variables being manipulated and, 
hence, by the samples of available words, 
amount and position of similarity had to be 
confounded. When similarity was localized 
“among terminal positions, pairs of stimuli were 
phonetically identical except for the initial, dif- 
ferentiating consonants. When located among 
initial positions, similarity was varied only 
within initial letters so that pairs of items dif- 
fered within both medial and terminal positions. 
These differences preclude direct comparisons 
Of the relative importance of distinctive pho- 
- Metic cues as a function of position within the 
stimulus, However, in con junction with earlier 
- findings (Nelson et al, 1972), the results of 
this series of experiments do suggest that both 
graphic and phonetic features are processed at 
both initial and terminal positions. The con- 
[ ures are processed at 


n 
E 


clusion that phonetic feat 
initial positions is clearly based on weaker 
grounds, since the phonetic factor failed to 
~ achieve the criterion of statistical significance 
in Experiments IV and V. However, the direc- 

- tion of the numerical differences in both experi- 
ments is consistent with this inference, The 
failure to reach acceptable levels of statistical 
reliability possibly occurred because of the more 
limited manipulation of phonetic similarity 
forced by the unavailability of word pairs meet- 
ing the restrictive criteria imposed by the 
nature of these studies. 
The assumption that the ordinal position 
effect reflects the processing of a word as a 
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serial code remains tenable. Wor 


lo possess 
a characteristic beginning-end-i: 


e organi- 
zational structure (cf. Brown & M ill, 1966; 
Horowitz, White, & Atwood, 196; What is 


no longer tenable is the simplifyir:; sumption — 
that this serial representation is « phonetic ; 
in nature irrespective of the mo. of pre- 
sentation. Although this notion rears to 


hold under conditions of auditory ‘sentation 


(cf. Nelson et al., 1972), under itions of - 
visual presentation the phenomero:. . »parently 
reflects the extraction and proce. of both 
types of attributes. 
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longer retention intervals. 


While ‘here have recently been a great 
many difi rent approaches used to demon- 
Strate the importance of “visual imagery” to 

_ short-tersn memory (e.g., Hintzman & Sum- 
mers, 19/5; Kroll, Parks, Parkinson, Bieber, 
& Johnson, 1970; Murdock, 1971; Phillips 
& Baddeicy, 1971; Wallace & Corballis, 
1973; Warrington & Shallice, 1972), Pyly- 
shyn (1973) contends that it would be more 
profitable to “think of functional (rather 
than phenomenal) ‘images’... . [p. 12],” and 
to view these “functional images" as selec- 
tive, rather than exhaustive, representations 
of the original visual sensations. This ap- 

_ Proach implies “that the picture metaphor 
underlying recent theoretical discussions is 
Seriously misleading—especially as it sug- 
gests that the image is an entity to be per- 
ceived [p. 1]." There exists, however, at 
least one constellation of results which seems 
Most easily explained by using a fairly literal 
definition of visual imagery. 
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> OF IRRELEVANT COLOR CHANGES ON SPEED 
OF VISUAL RECOGNITION FOLLOWING 
SHORT RETENTION INTERVALS? 


L E. A. KROLL, M. H. KELLICUTT, RAYMOND 
AND ALAN F. KREISLER 


University of California, Davis 


W. BERRIAN, 


he Ss judged whether a pair of test letters had the Same names as a 
;"mory pair presented either 1 or 8 sec. earlier. Two other (irrelevant) 
"anges were possible: case (upper and lower) and color changes (red and 
reen). Half of the Ss recalled the color of the memory pair following 
cir same- vs. different-name decision. 
nemory hypothesis, same-name decisions were faster when the cases of 
remory and test pairs were the same. This reaction time difference (differ- 
"t case minus same case) was greater at 1 than at 8 sec. and greater for 
s recalling color; however, it was unaffected by color change. 
hange slowed decisions following both 1 and 8 sec. for Ss recalling color, 
‘ut only at 1 sec. for Ss not recalling color. Neither case nor color effects 
vere reduced when the distractor task (shadowing) was no longer required. 
Chis ‘was interpreted as favoring the "alternative generation" rather than 
the "verbalization" explanation of why the case effect is often lost over 


As predicted under the visual 


Color 


The method used to test for visual memory 
in this line of experiments was devised by 
Posner and Keele (1967). Their Ss were 
presented with a memory letter followed by 
a brief (up to 2 sec.) retention interval, and 
then a test letter. The S’s task was to de- 
cide as rapidly as possible if the memory and 
test letters had the same name, ignoring any 
change of case that might occur. The as- 
sumption is that same-name decisions would 
be faster when the cases of memory and test 
letters were also the same (e.g., A and A) 
than when they were different (e.g., a and A) 
if Ss were comparing a visual memory image 
to the perceptual image of the test letter, 
Thus, when the cases are the same, the 
images can be compared directly, but when 
the cases are different the images must first 
be identified (named?) and then these iden- . 
tifications compared. Posner and Keele 
found this difference in reaction time with 
extremely brief retention intervals, but the 
magnitude of the difference decreased rapidly 
as the retention interval increased and the 
difference was absent after 2 sec. The orig- 
inal interpretation of this decrease and loss 
of the reaction time difference was that Ss 
had, during the retention interval, developed 
a name code for the memory letter and 
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allowed their visual code to decay. Posner 
and Keele predicted that Ss would maintain 
their dependence on visual memory codes if 
given adequate incentive to do so, and later 
evidence supported this prediction (e.g., 
Boies, 1969; Parks, Kroll, Salzberg, & Park- 
inson, 1972; Posner, Boies, Eichelman, & 
Taylor, 1969). 

A further demonstration of the usefulness 
of the visual imagery metaphor is given by 
_ modification of the Posner-Keele technique 
. — devised by Kellicutt ( Kellicutt, Parks, Kroll, 

& Salzberg, 1973). The procedure is es. 

sentially the same as in the Posner-Keele 

paradigm except that on half of the trials 
. both the memory and test letters are pre- 
sented backwards (ie. in mirror image), 
while on the other half of the trials, both 

memory and test letters are presented in a 
_ forward orientation, Backward presentation 
= should make the letters more difficult to read 
De and; therefore, same-name different-case 

trials—where S is forced to name— should 
increase in difficulty and result in longer 
reaction times and more errors than on same- 
Since S's 

are assumed to be relying primarily on a 

comparison between visual memory images 
- and perceptual forms on same-name same- 


1 
1 


tween forward and backward same-name 
This was, in fact, found 
Ss (Kellicutt et al., 1973, 


hile the inspiration for the above studies 

came from what Pylyshyn ( 1973) calls the 
— "picture metaphor of visua] imagery," the 
results might also be explained with a more 
formal functional image model, One way to 
test the limits of the usefulness of the picture 
metaphor might be to study the tendency of 
memory to selectively amplify or attenuate 
some dimensions of the original visual stimu- 
lus. In the models preferred by Pylyshyn, 
"only functionally relevant information is 
contained in the representation , . , [p. 22].” 
On the other hand, the picture metaphor 
leads one to expect that while the image may 
be "dynamic" because of Selection and re- 
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organization ( eg., Koffka, 19. certain 
dimensions, such as color, remai: n integra] 
part of any stored picture wheth:. or not the 
color is relevant to the purpose fc. which the 
"image" is used at the time of r, ieval. 
When letters are presented si; taneously 
and are to be compared for n identity, 
an irrelevant color difference be n the let- 
ters slows the decision time (W & Green, 
19/2). Experiment I measur: his color 
effect with retention intervals o ind 8 sec, 
If the color of the memory sti. 'us is re 
tained as part of the mental “pict: <,” a color 
difference between memory and . st stimuli 
should slow reaction times af hese re- 
tention intervals just as it d hen the 
comparisons are simultaneous periment 


II required Ss to attend more « ly to the 


color of the memory stimulus e earlier 
experiments (e.g. Parks et al 2) sug- 
gested that shadowing (repeati: oud) let- 
ters during the retention int was an 
effective means of increasing 5 ance on 
visual imagery, this technique w: ;mployed 
in Experiments I and II, Ex went TIT 
examined the color effect withor idowing, 
EXPERIMENT | 

Method 

Subjects. A total of 32 undergrad: ies partici- 
pated in this experiment. For thei: irticipation 
they were allowed to choose either c: -lit in their 1 
introductory psychology course or $1.5°:/hr, 

Procedure and materials. The experiment con- 


sisted of five daily sessions, The first was a 35-4 
min. practice session, followed by four 50-min. test 
sessions. The sessions were arranged over 5 con- 
Secutive days at the same time each day for a 
given S. 

The practice Session began by training S to 
Shadow. Seventeen lists of 30 letters cach were 
read in a female voice and presented binaurally 
through headphones, The first three lists were rea 
at a rate of 1.8 letters/sec; the remainder at 2 
letters/sec. This latter rate was used throughout 
the experiment. The Ss were instructed to repeat 
the letters aloud with the suggestion that this 1s 
most easily accomplished by lagging approximately 
two letters behind the list Presentation. After the 
shadow practice the experimental task was intro- 
duced. Female-voiced shadow lists were paye 
S as above. On each trial the memory sti : 
Was presented after 4 sec, of shadowing. ane 
memory stimulus was rear projected on a groun 
glass screen approximately 50 cm. in front p 
and remained on the screen for about .2 sec. 


IRF 


TABLE 1 
SIGNIF! F RATIOS OBTAINED WITH AN 


ANA : OF VARIANCE PERFORMED 
í ce REACTION TIMES OF 
EXPERIMENT I 


LEVANT COLOR CHANGES AND RECOGNITION OF LETTER PAIRS 


> ffect F(Q.3)0| $ 
True/false ( 7.21 |.05 
Same/diffe: ase (B) 35.82 | .001 
AXB 75.19 | .001 
Same/difle: color (C) 5.06 |.05 
1-sec/8-se ition interval (D) 27.17 | .001 
Red/green stimulus (E) 14.24 | .001 
ES BXD 6.20 |.025 
memory sii ulus consisted of two letters, one 
uppercase one lowercase, with upper- and 
lowercase pearing equally often as left- and 
"right-hand :»cmbers of the pair. The letter pairs 
were colorc: red on half of the trials and green on 
_ the other he's; all appeared on a black background. 
F The projected letter pairs measured about 9 x 4 
"em, and subtended approximately 10° of visual 
angle. The offset of the memory stimulus was 
- followed by a retention interval of either 1 or 8 
sec, at the «nd of which the test stimulus appeared 
onthe screen for 2 sec. The S continued to shadow 


during the retention interval and during test stim- 
Aulus presentation. 

The Ss were encouraged to judge as rapidly as 
— possible, on presentation of the test stimulus, 
- Whether the memory and test letter pairs had the 
Same names. They were instructed to press the 
right-hand /rue key if memory and test pairs had 
the same names and the left-hand false key if they 
- did not. Half of the trials were true trials, with 
half of these having the same cases for memory and 
test pairs (c.g., Br and Br). On the remainder of 
the true trials the case of both members changed 
- (eg, bR to Br). On false trials, the name of one 
member of the pair changed, with half of the 
changes occurring to the name of the left-hand 
letter (e.g, Kr to Br or to bR) and half occurring 
to the name of the right-hand letter (e.g, Bt to Br 
_ % to bR). As with true trials, half of the false 
| trials had same-case and half had different-case 
_ memory and test stimuli. The test pair had the 
= Same color as the memory pair on half of the trials 
and the other color on the remaining half, There 
Was a 10-sec. intertrial interval, during which E 
- Técorded S’s response and its latency in milliseconds 
_ 10 a maximum of 2,000 msec, > 
There were 36 such practice trials, during which 
_ 5 Was reminded to continue to shadow as pre- 
- cisely and smoothly as possible, and to respond to 
- the test stimulus as quickly as possible. 
- The four experimental sessions each consisted 
Of four 20-trial blocks; each block including 4 
Practice trials; "There was a short break between 

locks while E changed slide trays and tape cas- 
Settes. The 256 test trials and 64 practice trials 
Were counterbalanced over all conditions so that 
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there were 8 test trials per cell in the 2x 2X2» 
2X 2 orthogonal combination of the following in 
dependent variables: same vs. different name (fru 
vs. false), same vs. different case, same vs. differ- 
ent color, l- vs. 8-sec. retention interval, and red 
vs. green test stimulus. The sequencing of the trial 
types was “randomized” with the restriction that 
each cell have 2 test trials per session. 


Results 


An analysis of variance was performed on 
the reaction times of correct responses, com- 
paring true vs. false, same vs. different case, 
same vs. different color, 1- vs, 8-sec. reten- 
tion intervals, and red vs. green test stimuli. 
The mean reaction times for these compari- 
sons are shown in Figure 1, and the signifi- 
cant F ratios are given in Table 1. 

The Posner-Keele (1967) evidence of 
visual imagery is seen in the large difference 
between same-case true reaction times, where 
the visual memory hypothesis assumes that 
visual forms are being compared, and the 
other trial types, where Ss must presumably 
compare stimulus names before reaching a 
decision. The rapid decisions on same-case - 
true trials were responsible for true trials 
being faster than false trials, same-case trials 
faster than different-case trials, and for the | 
True/False X Same/Different Case Condi- 
tion interaction. All of the individual case . 
comparisons on true trials were highly sig- 
nificant, the smallest of these being the con- - 
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Ficure 1. Mean reaction times for same-color 
(CS) and different-color (CD) trials after 1- and 
8-sec. retention intervals in Experiment I. (The 
bar graph presents the mean reaction times for red 
and for green test stimuli averaged over all con- 
ditions.) 
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_ dition where memory and test stimuli were 
of different colors and separated by an 8-sec. 
retention interval, t (31) — 521, p « .001. 
As predicted by the visual memory hy- 
pothesis, presenting the test stimulus in a 
different color from the memory stimulus re- 
sulted in slower reaction times than when 
they were presented in the same color. How- 
ever, while this overall effect was marginally 
significant, individual points of comparison 
were not. The color effect on 1-sec. true 
trials approached significance, t (31) = 1.82, 
P <.10, but was not even close to signifi- 
cance at the other points. 

The overall latency of responding increased 
as the retention interval increased. The ele- 
vated latency at the longer retention interval 
may indicate that retrieval processes are re- 
quired after 8 sec. of shadowing, 

The different reaction times obtained for 
red and green test stimuli is made difficult 

to interpret because 
brightness. 


Experiment II 


While there was an overall color effect in 
xperiment I, the effect was only marginal 
ven at the l-sec. retention interval. With 
an 8-sec. retention interval, color change had 
- little or no effect. "This was true even though 
Ss still gave evidence of relying on "visual 


pletely rule out the "picture 
There is recent evi- 
selectively attend to 
"blurring" form (or 
of perception (Blum 
ile this selective con- 


dence that humans can 
color (or form) while 
color) even at the time 
& Porter, 1973). Wh 
centration was only Possible when the Ss 
were hypnotized, the same type of mecha- 
nism may be more easily controlled when 
“observing” a memory image than when ob- 
erving direct sensory input, 
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In any case, the question is : 
differences between memory an 
ever have an effect on reactio 
Experiment II, Ss were requi 
the color of the memory stimu! 


following 


their true/false response. The sumption, 
was that, if Ss do maintain a picture image, 
the easiest way to retain the co vould be | 


as an integral part of the image, 

changes should slow reaction t 
same way as they do in simult:. 
parisons (Well & Green, 1972 

ever, the color of the memor: 

stored relatively independently. 

name of the color or in some ot 
way, color differences should co 
ineffective when comparing menm 
stimuli, 


us, color 
s in the 
^is com- 
If, how- 
nulus is 
, as the 
abstract 
ie to be 
ind test 


Method 


A single addition distinguished { 
from Experiment I. In Experime: 
told to remember the color of the me: 


iment II 
Ss were 
stimulus 


and report that color to E after mal he true- 
false (ie, same- vs, different-name ) ion. This 
procedure of having S recall the colo: ‘he mem- 
ory stimulus after making the reaction response 
will be referred to as the RTCM tas! while the 
reaction time only task (used in E iment I) 
will be referred to as RTC. In Experi: nt IT, the 
RTCM task was introduced after 10 tri 


of RTC 
ter of the 
ons. Thé 
shadowing 
decisions 
i that the 


practice, and used throughout the rema 
Practice session and during the test se 
Ss were instructed to maintain pre 
and to continue making their true-fals 
as rapidly as possible. They were t 
color recall task was of secondary ir tance to 
correct shadowing and rapid, correct / false de- 
cisions. The 32 Ss in Experiment II were selected 
and reimbursed in the same manner as in Experi- 
ment I. 


Results 


As in Experiment I, a five-way analysis 
of variance compared the reaction times of 
Correct responses to the 32 different combina- 
tions of the five orthogonal independent vari- 
ables: true/false, same/different case, same/ 
different color, 1-sec/8-sec retention interval, 
and red/green test stimulus. The mean reac- 
tion times for these comparisons are shown 
in Figure 2, and the significant F ratios are 
given in Table 2, à 

As in Experiment I, same-case true trials 
have faster reaction times than do different- 
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Fricux: Mean reaction times for same-color 
(CS) an rent-color (CD) trials after 1- and 
8-sec. ret ; intervals in Experiment IL (The 
bar grap} ents the mean reaction times for red 
and for ¢:..4 test stimuli averaged over all con- 
ditions. ) 
case true rials and false trials. Even the 
smallest ` effect on true trials, which was 
again th: .ifferent-color 8-sec. retention in- 
terval condition, was highly significant, t 
(91) — 4.61, p «.001. While the rapid 
Same-cas- /rwe trials again cause a same/ 
different case effect and a significant True/ 
False x. Some/Different Case interaction, the 
true and false trials are no longer signifi- 
cantly different from one another. Appar- 
ently this was because the change in color 


Slowed ‘rie trial reaction times more than it 
did false trial reaction times. This would also 
explain the True/False X Same/Different 
Color interaction obtained in Experiment IT. 

Presenting the test stimulus in a different 
color from the memory stimulus resulted in 
slower reaction times than same color pre- 
Sentations. Thus, when Ss are required to 
Temember the color of the memory stimulus, 
they respond as if they are comparing the 
Sensory input of the test stimulus with a 
“color picture” memory image, but when 
they are not required to remember the color 
they respond more as if they are maintaining 
a “colorless picture.” This difference be- 
tween RTC and RTCM procedures shows 
Up in two interactions when both experiments 
are analyzed in the same six-way analysis 
of variance, with RTC and RTCM added as 
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a between-Ss variable to the previous five. 
way within analyses, The most important 
finding is the RTC/RTCM x Same/Differ- 
ent Color interaction, F (1, 62) = 7.02, p < 
025, but also interesting is the RTC/RTCM 
X Same/Different Color x True/False in- 
teraction, F (1, 62) — 5.06, b«.05. This 
latter interaction is additional evidence that 
the RTCM procedure increases the color 
effect on the true trials to a much greater 
extent than on the false trials. 

The effect of color change under the 
RTCM procedure was not only noticeable 
for true trials, t (31) = 3.14, p < .01, and 
t (31) = 4.53, p < .001, for 1- and 8-sec, 
retention intervals, respectively, but also, to 
a lesser degree, for false trials, t (31) 99 
2.30, p < .05, and t (31) = 3.55, p< .01. 
A closer examination of the effect on false 
trials reveals that color affects the speed of 
false-trial responding only if the left letter of 
the test pair had a different name. Tf the left 
letter of the pair was the same and the right 
letter differed, there was virtually no differ- 
ence in reaction time for same and different 2 
color trials (see Figure 3). : 

The 2 X2 analyses of variance (First/ 
Second Letter Changed x Same/Different 
Color) performed on each experiment found 
a significant letter effect, Fs (1, 31) = 543 
and 7.27 for RTC and RTCM, respectively ; q 
a significant color effect, Fs (1, 31) = 475 
and 10.21; and a significant Letter x Color 7 
interaction, Fs (1, 31) = 4.21 and 8.31. The 
cause of this selective color effect on false 
trials is not immediately obvious. If the 
color effect is lost during the time it takes to 


TABLE 2 


SIGNIFICANT F Ratios OBTAINED WITH AN 
ANALYSIS OF VARIANCE PERFORMED. 
ON THE REACTION TIMES OF 
EXPERIMENT II 


Effect F(t, 31) ? 

True/false (A) 3.86 |.10 
Ment case (B) 66.89 |.001 
AXB 46.33 |.001 
Same/different color (C) 30.77 |.001 
AXC 6.26 |.025 
1-sec/8-sec retention interval (D) 20.58 |.001 
Red/green test stimulus (E) 14.48 |.001 
BXDXE 6.27 |.025 


: Ficure 3. Mean reaction times for false trials 
in both Experiments I (RTC) and II (RTCM) 
= after 1 and 8 sec. as a function of which letter 
-. (first or second) of the pair changed name and 
_ whether memory and test pairs were the same 
color (CS) or different color (CD). (Abbrevia- 
. tions: RTC — reaction time only task, RTCM = 
= recall of color of memory stimulus after making 
- reaction time response task.) 


check the name identity of both letters, why 
is there a color effect on RTCM different- 
case true trials where, presumably, name 
- identity of both letters must also be checked ? 
If the color effect is caused by a competition 
. between the tendency to classify the stimuli 
as different because of their color and the 
. correct classification on the basis of name, as 
Suggested by Well and Green (1972), why 
there any color effect on false trials at all? 
While the reason for the slowing effect color 
- changes have on classification decisions is 
not well understood, the point of the present 
, experiments is to demonstrate that, under the 
proper conditions, these color effects are the 
same when a memory trace is being compared 
with current stimulation as when both stim- 
uli being compared are present at the time 
of decision. 

Classification errors. The visual memory 
hypothesis predicts a difference in percentage 
of classification errors between same- and 
different-case trials when the correct response 
is true, but not when it is false, since it is 
only on same-case frue trials that a direct 

~ visual match can be made, This prediction 
was supported under both RTC and RTCM 
procedures (see Figure 4). The Same/Dif- 
ferent Case X True/False interaction was 
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significant for both RTC and ! 
31) = 14.42 and 30.27. 
Presenting the test stimulus 


color from the memory stimul: 


more errors than presenting 
color under the RTCM proc 
under the RTC procedure, Fs 
and .49, 

More classification errors w 
8-sec. retention intervals thai 
intervals. This difference wa: 


RTC, F (1, 31) = 11.50, p < 


proached significance in RTC? 


= 3.11, p < .10. 

Color recall errors. 
color errors were made after 8 
l-sec. retention intervals, F (1, 
b < .0001, and the effect of rete 
interacted with same/differen: 
31) 2941, p «.005. The 
color errors was quite low, 
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RTCM 
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FIGURE 4. 
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Mean percentage of classification 


errors in Experiments I (RTC) and IT (RTCM) 
as a function of same color (CS) vs. different 
color (CD) and of true vs. false. (Abbreviations: 
RTC= reaction time only task, RTCM = recall o 
color of memory stimulus after making react! 


time response task.) 
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IRR: 


1.1% for 1 ame color to 4.9% for 8 sec. 


same color 


PERIMENT III 


Posner : teele (1967) lost the same/ 
different c fect after even extremely 
brief reten intervals and originally as- 
sumed thai loss was primarily due to S 
switching í me code of the memory stim- 
ulus and ng the visual code to decay. 
In line wi ; interpretation, Parks et al. 
(1972) re 1 Ss to shadow between mem- 
ory and stimulus presentations since 
shadowing ns to reduce the likelihood of 
Ss using me code (eg. Kroll et al., 
1970). 1 ame/different case effect was 
found to hrough at least 8 sec. of shad- 
owing. Ii. ver, the exact pattern of results 
suggested Ss were not only maintaining 
the visual : of the original memory stim- 
ulus but \ iso generating the alternative 
case und me circumstances. While the 
ability of ans to generate familiar visual 
images h: ready been demonstrated (e.g. 
Posner c: «}., 1969; Tversky, 1969), the 
evidence ihe use of generated images in 
the Parks t al. experiment was considered 
too inco. :sive, and the majority of the 
lengthy z'«ument for such generation was 
removed fiom the published report. Since 


ion of the alternative true possi- 
‘es the same/different case effect, 


bility red 
Kellicutt ei al, (1973) used pairs of letters 
for memory and test stimuli, one letter 
- uppercase and one letter lowercase in each 
pair, to make such generation more difficult. 
The letter pairs did result in stronger same/ 
different case effects than did individual let- 


ters under similar conditions. Meanwhile 
Boies (1969, 1971) was demonstrating that 
Posner and Keele lost the same/different case 
effect after 2 sec. not because of name coding, 
but solely because of the generation of the 
alternative (different-case) true possibility. 
. If Boies (1969, 1971) is correct in his 
interpretation, any procedure that increases 
S’s difficulty in generating the alternative 
true image should increase the likelihood of 
finding a reaction time difference between 
identity and name matches even after long 
Tetention intervals. One way to increase S's 


'ANT COLOR CHANGES AND RECOGNITION OF LETTER PAIRS 


103 — 


generation difficulties would be to increase 
the number of true alternatives possible. 
Klatzky (1972) did this by using pictures 
of common objects as stimuli in such a way 
that there were three possible true alterna- 
tives instead of two and found that, under 
these conditions, the identity/name match 
reaction time difference lasted at least 4 sec. 
Under Boies's interpretation, shadowing may 
extend the case effect only indirectly by di- 
verting S’s attention from generating and 
maintaining the alternative case, while the 
use of more complex stimuli (pairs of letters 
rather than single letters) should be a more 
direct, and hence possibly a more effective 
way of maintaining the case effect than is 
the use of shadowing. 

Experiment III assesses the capacity of 
the more complex visual stimuli, letter pairs 
rather than single letters, to produce the case 
effect in the absence of shadowing. The color 
and color memory variables are maintained 
to determine if their effects were influenced 
by the shadow task. 


Method 


Procedure. Four groups of four Ss each were 
formed from the orthogonal combinations of RTC 
vs. RTCM instructions and hearing vs. not hearing 
the shadow lists. The eight Ss who heard the 
shadow lists were told that the lists served as cues 
for the presentation of visual stimuli. The experi- 
ment consisted of four sessions, two per day. The 
first session lasted approximately 50 min. and in- 
cluded instructions and 20 practice trials as well 
as the first four blocks of experimental trials. The 
remainder of the sessions lasted approximately 40 
min. and each contained four blocks of experimental 
trials. 

Subjects. The 16 Ss were run during the sum- 
mer and consequently were obtained from the 
student employment center rather than from intro- 
ductory psychology courses. All were naive con- 
cerning the purpose of the experiment. They each 
received $6 for their participation. 


Results 

The mean reaction times for the various 
conditions in Experiment III are presented 
in Table 3. There were virtually no errors 
in any of the nonshadowing conditions. 

Two six-way analyses of variance were 
performed, one on the RTC groups and one 
on the RTCM groups. In both analyses, 
hearing vs. not hearing was a between-Ss 


pa d 
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TABLE 3 
AVERAGE REACTION TIME (IN MSEC.) FOR THE NONSHADOWING Ss: Experi IH 
RTC procedure RTCM pr 
Not hearing Hearing t hearing — 
Same Different Differes 
1-sec. retention interval 
True 
Same case 569 611 462 
Different case 755 780 556 
False 715 751 596 
8-sec. retention interval : 
True | 
Same case 636 673 458. 
Different case 762 779 561 
‘alse 726 775 590 
Se eh DD aes RT s Aia d poy. task, RTCM, = recall of color of lans stimulus king rea 
riable, while the five within-Ss variables RTCM procedure, but not wi’. the RTG 
ere again true/false, same/different case, procedure. Table 6 presents ti lor effect 
-same/different color, 1l-sec/8-sec retention found in all three experiment 
‘interval, and red/green test stimulus. The Unlike Experiments I an in which 
‘significant F ratios from these analyses are large retention interval effec: re found, 
resented in Table 4. Experiment III did not produc: © creases in 
Even without requiring Ss to shadow, reaction times as a function of asing T 
rong case effects were found, These case tention intervals. This, toget with th 
effects again resulted in significant true/false lack of errors in Experiment 11! even after 
effects, same/different case effects, and sig- the 8-sec. retention interval, ests that 
ficant True/False X Same/Different Case retrieval is not required when retention 1 
interactions, Table 5 presents the case effects intervals are not filled with shad». ing, This 
d in all three experiments. was to be expected, since, without shadows 
„As in Experiments I and II, the same/ ing, Ss should be able to rehearse the mem- 
different color effect was significant with the ory stimulus frequently. 
TABLE 4 GENERAL Discussion 
Sicniricant F Ratios OBTAINED WITH A difference in color between memory and 
ANALYSES OF VARIANCE PERFORMED test stimuli increases decision latencies aft 


ON THE Reaction TIMES OF 
EXPERIMENT III 


TABLE 5 


F(t, 6) AVERAGE REACTION TIME DIFFERENCE 
Effect ERU EIE: AAD (IN MSEC.) BETWEEN xe ND 
RTC |RTCM| RTC |RTCM PDT CAE uU iE 
True/false (A) 20.25 | 11.05 025 Same Case) 
Same/different case 
B) 73.37 | 19.17 .005 RTC procedure | RTCM procedure 
AXB 22.03 | 30.20 :005 Condition —— rH 
A Same (diferent color is TR a 
n E 3 05 : 4 
B X (1 sec./8 S z 113 80 
sec.) X (red/ Hone at 178 116 
green) 11.57 | 12.08 .025 Not hearing 69 88 12 
RICH rM p peccet Note. Abbreviations: RTC = reaction. time only task, 


reaction time response task. 


ion 
RTCM = recall of color of memory stimulus after react! 


time response task. 
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TABLE 6 


^vERAGE REACTION TYME DIFFERENCE (IN MSEC.) Bi E. 
t ( .) BETWEEN SAME- AND. : 
DirrERENT-COLOR TRIALS (DIFFERENT Minus SAME COLOR) T 


RTC procedure RTCM procedure 
1 sec. 8 sec. 1 sec. 8 sec. 
y 3 True False True False True False True False 

Sh ig 11 20 5 11 39 19 49 22 

He 1t 2 20 =37 34 36 27 49 

N ing 4 0 T9 5 30 18 -5 43 
Eee via RTC - reaction time only task, RTCM = recall of color of memory stimulus after making reaction 
short r ‘on intervals whether or not the ing per se does not seem to be sufficient to lose 


iemory stimulus must be reported. 


color of 

As the ion interval becomes longer, how- 
ever, c langes affect decision latencies only 
if the : of the memory stimulus must be 
reporte tds as if the memory “image” is 
colorles less the color is required for some 
later ta n which case a “colored picture" is 
maintai n memory. It is possible that the 
increas tency in the RTCM color-different 
conditi s caused not by a colored picture 
image |. rather by a conflict between the color 
of the stimulus and an abstract memory 
code fo- ihe color, such as the color’s name, 
which stored relatively independently from 
the merry code for the memory letters. This 
seems : ely however, judging from the re- 
ports in the literature on the Stroop test (e.g, 
Stroop, 1935) where little difficulty is caused 
in the direction from an irrelevant color (here 
the color of the test stimulus) to the saying of 
the color name (here the color of the memory 
stimulus). Thus, the strong and lasting color 
effect in the RTCM procedure is taken as sup- 


port for the picture-image analogy, but the loss 
of the color effect in the RTC procedure sug- 
gests that some abstraction of the image must 
be occurring with the structure of the image 
Which is at least partially determined by the 
nature of the task. 

Large and persistent differences were found 
in speed of responding to identity matches vs. 
name matches. This was true even when Ss 
were not shadowing during the retention inter- 
val, This is interpreted as support for Boiess 
(1971) hypothesis that these differences are 
lost only when S can anticipate all alternative 
true possibilities and generate images for these 
alternatives. Apparently the stimuli used here 
were complex enough to prevent this generation 
even in the absence of shadowing. Verbal label- 


the identity/name match difference (nor the 
color difference), since Ss in the not-hearing 
groups reported naming the memory stimuli 
to themselves during the retention interval. The 
Ss in the hearing groups reported that hearing 
letters made naming the memory stimulus diffi- 
cult, although one S reported it easy if he 
thought of the German names of the memory 
letters—but he too showed a large identity/ 
name match difference. 

The shadow task resulted in increased re- 
sponse latencies and response errors (both. 
classification errors and color memory. errors) 
as a function of retention interval When 
shadowing was not required, neither latencies 
nor errors increased with retention interval. 
One interpretation of this is that the shadow 
task impaired S's ability to rehearse. Another 
possibility is that S is less likely to be fully 
alert at the time of test stimulus presentation 
after longer periods of shadowing. The first 
interpretation is supported by earlier studies 
on the effects of shadowing on rehearsal (e.g, 
Kroll & Kellicutt, 1972). 
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E: CTS OF SEGMENTATION AND EXPECTANCY ON 
T"CHING TIME FOR WORDS AND NONWORDS' 
ROL M. SCHINDLER, ARNOLD D. WELL; AND ALEXANDER POLLATSEK 
University of Massachusetts 
vious studies have indicated that Ss can perceive words more rapidly than 
swords. It may be, however, that this word superiority effect (WSE) is 
siderably reduced when Ss are not expecting wordlike stimuli, as reported 
\derman and Smith. The present study used segmentation (the insertion 
spaces after the second and fourth letters of six-letter strings) to assess 
effect of a configurational change on matching times for words and non- 
rds under different expectancy conditions. When Ss expected both words 
| nonwords, segmentation lengthened the matching latencies equally for 1% 
ords and nonwords. On the other hand, when instructions led Ss to expect E 
!v nonwords, the segmentation manipulation resulted in a reduced WSE. t 
» data suggest that although segmentation lengthens matching time, it AM 
eects the WSE through its influence on expectancies rather than by more » 
cect perceptual influence. These results are discussed in terms of Spoehr 
d Smith's 1973 model of word perception. 3 
, 
It has utly been demonstrated that words are more commonly encountered in 
the visu:  rocessing of words is more normal visual experience than are un- 
rapid th that of nonwords. Reicher related strings of letters, and hence are 
(1969) fo. d that Ss could choose which more "familiar" as visual stimuli. It may 
of two le ; had occupied a probed posi- be hypothesized that this visual experience 
tion in a ^ fly presented string of letters facilitates perception through the learning 
more ac tely if the letters formed a of information about the order of the 
word the. if they did not. Baron and letters in a word. Miller, Bruner, and 
Thurston (1973) also demonstrated an Postman (1954) suggested that information 
advantage of tachistoscopically presented can be stored regarding the probability 
words ov: unpronounceable nonwords ina of a given letter following another in 
related forced choice task and termed this written English, and that this information 
advantage the word superiority effect could be used to speed perception of letter 
(WSE). chelman (1970) found that Ss strings where these sequential probabilities 


could respond same or different to pairs of 
simultancously presented words more 
rapidly than they could to pairs of non- 
words. Egeth and Blecker (1971) used a 
similar task to show that consonant-vowel- 
consonant trigrams with high-rated mean- 
ingfulness could be matched more rapidly 
than those with low-rated meaningfulness. 

The perceptual advantage of words over 
nonwords could be due to the fact that 
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are high. Gibson, Pick, Osser, and Ham- 
mond (1962) suggested that the perceptual 
advantage of words over nonwords is due 
to learning the orthographic rules of 
written English. 

An alternative hypothesis is that visual 
experience facilitates perception through. 
the learning of information about the 
visual features of the stimulus. If the 
features that are extracted from a word 
are the features of individual letters, then 
this second hypothesis is indistinguishable 
from the first. It may be, however, that 
some of the features extracted are features 
of letter combinations. If so, the second 
hypothesis (in contrast to the first) would 
predict that even those changes in the 
visual configuration of a word that pre- 
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ROTTEN RA NG ER 
COTTON RA NG ER 
UGWOTD SS ST HP 
UcWorD TB ES SE 
(a) (b) 
Ficure 1. Examples of letter string pairs in 


standard configuration (a) and segmented con- 
figuration (b), 


serve the order of the letters should reduce 


the size of the WSE. Several studies in 
the literature seem consistent with this 
view. Hochberg (1968) measured the 


number of brief presentations required to 


match pairs of vertically presented words 
and nonwords. He found no advantage 
for words even though Eichelman (1970) 


found that normally presented (i.e., hori- 


zontal) pairs of words could be matched 
more than 100 msec. faster than could 
pairs of nonwords. Mewhort (1966) mea- 
sured the number of letters Ss could 
correctly report from briefly presented 
letter strings that differed in degree of 


_ approximation to English. He found that 


. more letters could be reported from strings 


- affect whether or 


information to facilitate the perceptual 
. Processing of a letter 
apparently adopt different 


_is not optimal for 


_ which were of a higher order approximation 


to English. However, this advantage de- 
creased when spaces were placed between 
the letters of the strings. 

. Aderman and Smith (1971), 
a paradigm similar to that 
(1969), 


employing 
of Reicher 
showed that Ss’ expectancies can 
not they can use stored 


string. They can 
n Strategies for 
processing strings of letters, and if they 
do not expect words or wordlike stimuli 
to be presented, may adopt a strategy that 
Processing them. This 
Suggests that strings of letters presented 
in a nonstandard configuration may show 
a reduced WSE, not only because of the 
direct effects of the altered configuration 
but because Ss will fail to realize that some 
of the letter strings they see are words and 
hence will adopt some nonoptimal strategy. 

The present experiment was designed to 
compare further the relative importance of 
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configurational and letter ostor informa- 
tion in the WSE. The different 
matching times of six-lett: ords and 
nonwords in standard conf: ition were 
compared with the matching es for the 
same letter strings with s placed. 
after the second and fourth ‘-tters (see 
Figure 1). This method of . ging the) 
visual configuration changed features 
of letter combinations, but |: features 
of individual letters unchang: lo sepa- 
rate any direct effects of segn) tion from 
those caused by an interaction with expect- 
ancy, both standard and seg: d words 
were presented under two pectancy 
conditions. In one condition was led 
to expect that both words ar« nonwords 
would be presented (EWN idition), 
while in the other, S was sin; old that 
"nonsense strings" would be resented” 
(EN condition). Thus, the ition of 
the expectancy manipulation made it 
possible to confirm the effect of o> sectancy 
on the WSE and to determin: whether 
segmentation affected the WS!) n a way 
other than that of influencing Ss" 
expectancies. 
METHOD 
Subjects. Ninety-four University 


chusetts undergraduates served as 
course credit for their participation. 
were discarded because their error rates exceeded 
the predetermined cutoff level of 5%, 1 .5 was dis 
carded because of E error, and 2 rand z chosen 
Ss were discarded so that the sample in each 
condition would be equal. Each S participated for 
one 45-min. session. 

Apparatus and stimuli. A Hewlett-Packard 2114B 
computer was used to display rows of capital 
letters on an HP-1300A X-Y display oscilloscope. 
Each letter was constructed by illuminating the 
appropriate pattern of points in a matrix 13 points 
high by 9 points wide. The computer also recorded 
responses and measured the response time (R T). 
The Ss were run individually, and sat approxi 
mately 5 ft. from the oscilloscope screen, in a dimly 
lit sound-damped room. : 

The display for a single trial consisted of two siX- 
letter strings with one string directly above the 
other. On half of the trials, both of the letter 
Strings were words, and on the other half of the 
trials, both of the letter strings were nonwords 
Each of the letters in the strings was .34 in. wide 
and .39 in. high, and there was .08 in. between 
letters. The strings in the standard configuration 


- tended 3°1’ o 
- vertically by 


- were identica! 


NS 


SEGMENT 


ind subtended 2°22’ of visual 
nented strings (in which spaces 
-cond and fourth letters of each 

were 3.13 in. long and sub- 
jangle. Strings were separated 
, and hence the total vertical 
s 1?30'. 


were 2.45 in. 
angle, while t! 
were left afte: 
string, see Fi 


angle subtend 


Each trial b onsisted of 36 trials. On the av- 
erage, one fou f the trials in a block were identi- 
cal words, onc h were differing words, one fourth 


ords, and one fourth, were differ- 

four trial types were randomly 
ich trial block. Three practice 
ed of 24 trials of six-letter pairs, 


ing nonword: 
arranged wit! 
blocks, each « 


were present: the beginning of the session. 

In the fot »rimental trial blocks shown to 
each S, half « pairs of letter strings were physi- 
cally identica ‘ half differed in at least two posi- 
tions. Of ail ffering pairs of stimuli, one third 
differed in tv. itions, one third differed in four 
positions, an third differed in all six positions. 
Each letter s ised in the experiment was shown 
four times ar wared equally often as the top and 
bottom stri ; display, Words and nonwords 
were equate overall letter frequency by using 
a pool of all tters in the words to form the non- 
words. Th: ds and nonwords displayed were 
those used b helman (1970). 

Procedure wenty Ss were randomly assigned 
to each of ‘our experimental conditions: (a) 
standard d expected both words and non- 
words (ST-i.« W), (b) standard display—expected 
nonwords « (ST-EN) (c) segmented display— 
expected word» and nonwords (SG-EWN), and (d) 


segmented c: play—expected nonwords only (SG- 
EN). Triais in the first two practice blocks were 
exclusively nonwords for Ss in the EN conditions, 
and they were 50% words and 50% nonwords for 
Ss in the EWN conditions. The third practice 
block was always mixed words and nonwords, so 
that there would not be an abrupt change between 
the practice blocks and the experimental blocks for 
Ss in the EN conditions. The same sequence of 
letter strings was used in all experimental conditions. 

The Ss were instructed to pay close attention to 
the screen, to keep their hands lightly over the two 
Tesponse keys, and to respond same (with their non- 
dominant hand) or different (with their dominant 
hand) as quickly and accurately as possible. Verbal 
as well as visual warning was given at the beginning 
of each trial block, A trial began with the appear- 
ance of a plus sign in the center of the display for 
‘5 sec. as a fixation point. One second after the 
Onset of the plus, the stimulus pair was displayed. 
Following a response, the computer extinguished 
the display, recorded the response latency, and pre- 
sented the feedback words correct or error for 1 sec. 
The intertrial interval was 3.5 sec. 

At the end of the experiment, each S was asked 
Eo estimate the percentage of trials in the four ex- 
Perimental trial blocks in which words had been 
Presented, 


TABLE 1 


Mean RESPONSE TIMES 
(IN MSEC.) 


Configuration and class of item presented 
Bspectancy, Standard Segmented 
Words | Nonwords| Words | Nonwords 
Same responses 

EWN 763 932 929 1,124 

EN 756 970 997 1,083 
Different responses £ 

EWN Ot) Ae | Bss | an 


«In EWN conditions, S was led to expect that both words 
and nonwords would be presented ; in EN conditions, 5 was told 
that nonsense strings would be presented. 


RESULTS 


The mean RTs for same and different 
responses in each condition are given in 
Table 1. Segmented pairs were matched 
more slowly than standard ones, F (1, 76) 
= 12.88, p « .001; words were matched 
more rapidly than nonwords, F (1, 76) 
= 122.28, p < .001; and different judg- 
ments were made more rapidly than sames, 
F (1, 76) = 105.02, p < 001. The RT 
difference between words and nonwords 
was larger for same responses than for 
different responses, F (i, 76) = 130.21, 
p < .001, although there was a significant 
WSE for each of the two response types. 
The sizes of the WSEs are shown in Table 
2. It can be seen 
WSE was roughly the same in all conditions 
except the SG-EN condition. 
among the WSEs in Table 2 indicated that 
the SG-EN 
average of the other three cells F (1, 76) 
= 12.09, p < .001, and that the other 
three cells did not 
one another (all Fs < 1.5). The error rate 
was relatively small (2.29%), and there 
was a tendency for the error rate to increase 
in those conditions which had longer 
latencies. 

These results indicate that segmentation 
per se does not affect the WSE, but rather, 


Contrasts | 


condition differed from the - 


differ significantly from - 


from Table 2 that the A 


TABLE 2 
MEAN Wonp Superiority EFFECTS 
(IN MSEC.) 
Configuration 
Expectancy 
conditions 
Standard | Segmented 
Same responses 
EWN 169 195 
EN 214 86 
Different responses 
EWN 46 36 
EN 53 16 


a “In EWN conditions, S was led to expect that both words 
and nonwords would be presented; in EN conditions, .S was 


nonsense strings would be presented. 
" 


that segmentation makes S more suscepti- 
le to his previous expectancies, which 

. could cause him to fail to notice that some 
_ of the stimuli were words. This failure to 
notice that some letter strings were words 
decreased the WSE by causing the word 
i RTs to increase—word same RTs in 
— SG-EN condition were greater than word 
Eun: RTs in SG-EWN condition, F (1, 228) 
= 7.83, p < .01—without causing a signifi- 
“cant change in the nonword RTs. Data 
rom postexperimental questioning indi- 
ated that Ss in the SG-EN condition 
nded to estimate that they saw fewer 
fetter strings as words than did Ss in the 
l-EN condition (see Table 3). Of the 
eight Ss in the experiment who estimated 
at fewer than 20% of the trials contained 
ords, six were in the SG-EN condition. 
f ‘Xpectancy was an important variable 
affecting the size of the WSE, the WSE 
would be expected to increase in magnitude 


3 


s TABLE 3 
MEAN ESTIMATES OF THe PERCENTAGE OF Worps 
E DisPLAYED 
V 
c R 
Expectancy onfiguration 
conditions 
Standard Segmented 
——— 
EWN 52 52 
EN 47 41 
* In EWN conditions, 5 was led to expect ti 
and nonwords would be presented; in EN conde go EA 


told that nonsense strings would be presented, 
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over the course of the ses 
more Ss realize that « 
strings are words. A c 
WSE in the first half < 


ssion with 
that in the second half i; s that the 
WSE did indeed increase ! msec. for 
same responses, F (1, 76) b < 0258 
The importance of Ss’ 'ancies is 
further supported by t ‘ing of a 
significant correlation bet ` reported 
percentage of trials seen ; ds by Ss 
and the size of the WS! showed 
(r = .25, b«.05) In fa he six $s 
whose estimates of the perc: © of words 
displayed were 1% or | ‘owed an 


average WSE of only 12.7 in 
The RT increase due to th 


of the letter strings (th: nentation 
effect) was larger for sam ises than 
for different responses, F i) = 6.25, 
b < .025. Over all conditio: segmen- 
tation effect was significai urger for 
words than for nonwords, / ) 2441; 
b «.05. However, in the | nditions, 
RT for the segmented word inflated, 
since they were probably of aot proc- 
essed as words. Thus, th parison 
of the segmentation effect fo: ‘ie words 
and nonwords in the EN con. ions does 
not reflect the action of segmen* ton alone. 
However, since in the EWN conditions 
an equal percentage of standas! and seg- 


mented strings were seen as »ords, the 


segmentation effects for words and non- . 


words can be meaningfully compared. In 
the two EWN conditions, the segmentation 
effect did not interact with the WSE 
(F « 1). 


Discussion 


The results of this study fail to poe 
evidence that the configurational change o 
segmentation affects the size of the WSE when 
expectancies are taken into account. ge 
constancy of the WSE suggests that, at le 
for the kinds of displays used in this study, the. 
perceptual advantage of words over nonwords 


nentation 


Š a 
depends more on stored letter order informa- - 


*For Ss in the SG-EN condition, the WSE for | 


Same responses was 81 msec. larger in the b 
half of the session than in the first half, t (19) = 222 
P < .025 (one-tailed test). 5 


SEGME: 


-tored information about the 
i letter groups. The data also 


tion than 
visual fea‘ 


indicate t! mentation causes an increase 
in RT wh pears to be additive with the 
WSE wh: »ectancies are controlled. Al- 
though ti: +e RTs found for the different 
responses í have been due to the ease of 
responding ^» the dominant hand, the lower 
WSEs an zmentation effects found for 
differing uli suggest that different re- 
sponses d t require the processing of the 
entire stin array. 

The pr experiment confirms that Ss’ 
expectan« ın be an important determiner 
of the e to which stored information 
about ale: — string can facilitate a perceptual 
task. Th: ‘fect of segmentation on expec- 
tancies sts that there may be other 
variables : are thought to directly affect 
perceptic it in reality only affect Ss’ ex- 
pectancic Perhaps Mewhort's (1966) in- 
terpretati f his results would have been 
different i had taken into account what Ss 
expected | e. 

The cc ion that visual features of letter 
groups 2 ot necessary for the perceptual 
advanta; words does not preclude an ex- 
planatio: ihe WSE in terms of the processing 
of larger ‘cs for words than for nonwords. 
Spoehr 4: . smith (1973) have proposed a two- 
stage moc. | of word perception in which letters 
are analy...) and identified (in the “analysis” 
stage) before the process of forming units begins 
(in the ization” stage). If we assume that 


the words in this study were matched more 
rapidly then the nonwords because they were 
matched in larger units, the fact that segmenta- 


tion added an equal amount to the RT of words 
and nonwords in the EWN conditions suggests 
that segmentation did not affect those processes 
that are thought to go on at the unitization 
stage, Since the processing stages beyond 
unitization presumably involve stimulus rep- 
resentations more abstract than the visual 
features of the stimulus, it is likely that the 
configurational change of segmentation in- 
fluences the earlier analysis stage. Exactly how 
segmentation affects the analysis stage is not 
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clear from the present data: The longer times 
for segmented letter strings could be due to. 
inherent physical properties of segmented 
strings or could occur because segmented strings 
are less familiar than normal strings. How- | 
ever, the conclusion that segmentation does 
affect the analysis stage is important (if the 
two-stage model is accepted), since it implies | 
that complex perceptual processing takes. 
place prior to the stage where the word ad- 
vantage occurs. 
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EFFECTS OF SPACING AND SPACING PATTERNS 
FREE RECALL! 


PAUL W. FOOS anp KIRK H. SMITH? 
Bowling Green State University 


The effects on free recall of presenting words twice with different numbers 


twice tends to obscure spacing effects. 


E When a word appears more than once in 
a list of to-be-remembered items, the 
probability that it will be recalled has been 
Shown to increase as a function of the 
number of other items intervening between 

the presentations (Glanzer, 1969; Land- 
auer, 1967; Madigan, 1969; Melton, 1967, 

1970). Melton has referred to the number 


1970) and 
Melton, in his 1970 review 


2 though Underwood (1969, 1970) has 

Consistently found that distributed practice 
(DP), i.e., lags greater than zero, produces 
greater recall than massed practice (MP), 


‘This article is based on a thesis submitted to 
Bowling Green State University in partial fulfillment 
of the requirements for the master's degree. The 
— first author would like to express appreciation to his 
committee members, Donald V, DeRosa and Ryan 
D. Tweney, for their Support and helpful sugges- 
"tions. A portion of this Paper was presented at the 
meeting of the Midwestern Psychological Associa- 
_ tion, Chicago, May 1973. 
? Requests for reprints should be sent to Kirk 

H. Smith, Department of Psychology, Bowling 
Green State University, Bowling Green, Ohio 43403. 


intervening items (spacings) and three times with different amounts ai 
patterns of spacing were examined. Over all conditions and with positi 
of last occurrence held constant, the beneficial effect of spacing increas: 
with spacing (defined for each pair of repetitions rather than averaged) up to ^ 
most eight intervening items, and then declined. The results are thercío:. 
consistent with Atkinson and Shiffrin's explanation of the spacing effect : 
terms of overlap in short-term storage. Recall of items presented three tim 
also suggested that use of mean spacing values for items presented more tha: 


ie. zero lag, in single-tri: --recall 
studies, he and his colleagu: e been 
unable to find lag effects (cf. ;' haugh- 
nessy, Zimmerman, & Under 1972). 
A possible reason for this fai! ay be 
that Underwood's definition « differs 
slightly from that of other : gators. 
A DP item occurring three tii ithin a 
list, for example, is usually pr: d once 
in each third of the list. Ass nent to 
position within each third i: nerally 


‘here be 
items) 
The 


random with the restriction the 
some minimum lag (usually th 
between presentations of DP iteris 
lag value used by Underwood for « particu- 
lar item is the mean lag over ai! esenta- 
tions of that item. Let P, be the ith 
presentation of an item. If the lag between 
P; and P; is 5, and the lag between P» and 
P; is 15, the mean lag for that item is 10. 
The same is true when the P;-P; lag is 15 
and the P;-P; lag is 5. For most other 
investigators—notably those obtaining a 
lag effect—a lag of 10 means that there 
are exactly 10 intervening items between 
any two presentations. One possible ex- 
planation of Underwood's results is simply 
that in order to observe the effect, lag values 
must be precisely defined. In the present 
study, the foregoing hypothesis was tested 
using both symmetrical (equal P;-P» and 
PP; lags) and asymmetrical (unequal 
Pi-Ps and Ps-P; lags) lag patterns. 

The lag patterns used in the present 
experiment also provide a means of testing 
the implications of the model of human 


112 


memory ; osed by Atkinson and Shif- 
frin (196 recently elaborated (e.g., 
Rundus, periment III), the model 
explains iz effect by assuming that 
when P s while P; is still being 
actively ed in the short-term store 
(STS), th i| amount of STS processing 

- is reduced woportion to the amount of 
dual res: or overlap. Thus, as lag 
increases lap is reduced and the total 
amount « cessing received by an item 
in STS i ses. Since the amount of 
informati ransferred to the long-term 
store (L depends on the processing 
received LS, recall from LTS should 
increase to the capacity of the STS, 
which is . ied to be five to eight items. 
The mod 'refore predicts a recall curve 
for repea ems that rises as a function 
of lag to symptote at a lag of 8. 

The At son and Shiffrin model makes 
a number -` predictions about the recall of 
items pr: ed three times with different 
mean lag lues using either symmetrical 
or asym ical patterns. At each mean 
lag, the io! number of intervening items 
between and Ps; and length of the 
retention tervals were the same for sym- 
metrical s:d asymmetrical patterns. Sym- 
metrical patterns always placed P» midway 
between P: and Ps. Thus, at a mean lag 


of 5, ali patterns should produce STS 
overlap. However, when the mean lag 
exceeds 8, symmetrical patterns produce no 
overlap, whereas at least some asym- 
metrica] patterns do, viz., those patterns 
in which one of the two lags is less than 8. 
Since DP is known to produce better recall 
than MP for three repetitions (Underwood, 
1970), no MP condition was included for 
words presented three times. The main 
concern was with the reported failures to 
find lag effects with DP items and with 
the critical lag range in which Atkinson 
and Shiffrin's theory makes specific 
Predictions, 

One difficulty with the Atkinson and 
Shiffrin model is that the predicted lag 
curve does not fit the data reported by 
Melton (1970) and Madigan (1969), who 
found improved recall performance for lags 
as great as 40. However, Shaughnessy 
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et al., have shown that in long free-recall | 
lists, recall also improves with position of 
last occurrence of repeated items. A word | 
with a relatively long lag in a long list - 
might be expected to occur for the last - 
time near the end of the list. In order to 
examine the possibility that position of 
last occurrence has been confounded with — 
lag in previous studies using lags greater - 
than 8, the present study included twice- - 
presented items that appeared at lags of | 
0, 2, 8, and 20, with mean position of last 
occurrence held constant. 


METHOD 


Subjects. The Ss used in this experiment were 
120 undergraduates fulfilling a requirement for an 
introductory psychology course. Each S received 
all treatment combinations. 

Materials. Three kinds of lists were constructed, 
one each for the symmetrical and the two asymmetri- 
cal conditions. Each list consisted of 60 different 
words drawn randomly from a pool of 180 four-, 
five-, and six-letter nouns with Thorndike-Lorge 
(1944) AA frequencies. Of the 60 words in each 
list, 8 were once-occurring “primacy buffers" and 
8 were once-occurring “recency buffers." Of the 
44 words in the middle of the list, 16 occurred only 
once and 16 occurred twice, with 4 words each pre- 
sented at lags of 0, 2, 8, and 20. Each list also con- 
tained 4 words presented three times each at mean — 
lags of 5, 10, and 15. In the list constructed for . 
symmetrical patterns the lag orders for these items 
were 5-5, 10-10, and 15-15. (The first number 
refers to the Pi-P? lag and the second to the P2-Ps 
lag.) In the S-L (short followed by long lag) asym- 
metrical list, the orders were 2-8, 5-15, and 8-22; 
in the L-S (long followed by short) list, the orders 
were 8-2, 15-5, and 22-8. To produce the various 
frequencies of the critical words required lists of 100. 
positions. The last position of each DP word pre- 
sented three times was the same in all lists, The 
mean position of last occurrence for twice-presented | 
items at each lag (0, 2, 8, and 20) was 54. 

Apparatus. Kodak Carousel slide projectors were - 
used to present the words, which were photographed 
on 2 X 2 in. slides. Since the Carousel projector 
holds only 80 slides and there were 100 slides in each 
list, two projecters were used for list presentation. 
The transition from the first projector to the second 
projector took place in the middle of each list (be- 
tween Positions 50 and 51). Presentation and 
transition was done manually with the aid of a 
Hunter timer. Stimulus items were presented at 
a 2.5-sec. rate. 

Procedure. Each S saw one of each kind of list 
(symmetrical, S-L, and L-S). Order of list presenta- 
tion was counterbalanced across all Ss. No single 
word was allowed to appear in more than one list 
for any one group of Ss. Assignment of words to 
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Ficure 1. Proportion recalled as a function of 


pattern and mean lag. 
lag, L = long lag.) 


(Abbreviations: S = short 


lists, frequencies, and lags was made randomly for 
each new group of Ss. All Ss were run in small 
groups averaging 8 Ss per group. After each list, 
Ss were given as much time as necessary to write 
- down all the words they could remember. Two 
minutes of rest were allowed between recall and 
next list presentation. 

Instructions were the same for all Ss. When Ss 
first entered the experimental room they were shown 
a test slide. The test slide was the same for all 
groups and was the four-letter noun test. The Ss 
were allowed to adjust their seating to an optimum 
position for viewing the slides during the presenta- 
_ tion of the test slide. When all Ss were seated and 
ready, standard free-recall instructions were given 
and the first list was started. 


RESULTS 


The results for items presented three 
times in each of the nine treatment com- 
binations (3 Patterns X 3 Mean Lags) 
are shown in Figure 1. The total treatment 
. variance was partitioned into eight com- 
ponents corresponding to a set of planned 
comparisons that were tested in a repeated 
measures analysis of variance. The overall 
difference between the three symmetrical 
patterns and the six asymmetrical patterns 
was significant, F (1, 952) = 6.04, p < .05, 
and accounted for 18% of the variance due 
to treatments. Neither overall linear nor 
quadratic trend for lag was significant. 
The latter result seems to parallel Under- 
wood’s (1969, 1970) finding of no overall 
lag effect. An overall comparison of 
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S-L with L-S asymmetrical p::‘erns also 
failed to reach significance, (1, 952) 
= 1.94. 

Tests of the predictions prese. -d earlier 
are to be found in the interact. is of the 
four overall components descri’ -| above. 
Figure 1 shows a lag effect (an . -rease in 
recall from Mean Lag 5 to Me. Lag 15) 
for items presented three tin n sym- 
metrical patterns, but not for ns pre- 
sented in asymmetrical pati: <s. The 
difference in lag trends as a fur. 5 of lag 
patterns is supported by a signió. =t inter- 
action between the linear trend ponent 
for lag and the comparison bei» .n sym- 
metrical and asymmetrical p. rns, F 
(1, 952) = 8.58, p < .01, which ounted 
for 25% of the treatment var e. The 
interactions of linear and qu. tic lag 
trends with the comparison l« sn S-L 
and L-S lag patterns were not ificant. 

The remaining variance pc: vn, the 
interaction of the quadratic lag d with 
the symmetrical—asymmetrical p: ucom- 
parison, is a test of whether th: ‘ference 
between symmetrical and as :etrical 
patterns was greater at a mea: ; of 10 
than at mean lags of 5 and 15. e latter 
comparison was significant, / i, 952) 
= 15.32, p < .001, and accounte: or 45% 
of the variance due to treatme: .. Since 
not all comparison of interest w tested 
with the planned comparisons, i^c New- 
man-Keuls test (a = .05) was usc! on the 
set of nine treatment means. Use of an a 


posteriori test was justified by a 
overall treatment effect, F (8, 95 
P < .01. No significant pattern di/ierences ; 
were found among the means for lags of 3 
and 15, but at a mean lag of 10, the sym- 
metrical pattern was superior to both asym- 
metrical patterns. A 
The results for once- and twice-occurring 
items are shown in Fig. 2. Once-occurring 
refers only to items presented in the 
middle of the lists and not to primacy and 
recency buffer items. Twice-occurring items 
were recalled significantly better than once- 
occurring items, F (1, 595) = 215.05, 
p <.001. Trend analyses were conducted 
on the data for the twice-occurring items 
represented in Figure 2 using weights 


tional to the lag values. The 
vas significant, F (1, 1309) 
01, and accounted for 26% 
at variance. The quadratic 
so significant, F (1, 1309) 
.01, and accounted for 69% 
ice. The interaction between 
occurring items and list type 
1, S-L, or L-S) was not sig- 


DISCUSSION 


at results show, first of all, why 
(1969, 1970) has consistently 
lag effects in DP items presented 
re times. If repetitions are dis- 
vugh a list with randomly varying 
he result will nearly always be 
| patterns. The latter produced 
s in the present study within the 


— asymmet 
no lag ef: 


. range of values previously: investigated 
by Und ‘od and others. Clearly, lag 
values 1 be precisely defined between 


ems in order to obtain lag effects. 


In ge: , the results also support Atkinson 
dand Shií^»'s prediction that recall will be 
— diminish..: when an item is repeated with less 

- than eig. intervening items. Among items 
Lpresentec three times, all conditions in which 
"atleast «ne lag value fell at eight or below 
showed some diminution in recall. For items 
presented twice, recall increased as a function 


of lag for lags of 2 and 8 but then declined for 
a lag of 70. Since the model predicts that 
— recall wiii not improve beyond a lag of 8, the 
latter resuit is neither inconsistent with nor 
explained by the theory as it stands. The 
— result is, however, incompatible with any ex- 
— planation of the lag effect that does not set an 
upper limit on the improvement in recall to be 
LL expected from increased lag. 2 
Melton (1970) has described an alternative 
- explanation of distribution effects that is often 
referred to as the ‘differential encoding” 
hypothesis. This model suggests that the 
beneficial effects of DP and the lag effect occur 
because the coding of a word in two or more 
NS Subjective units increases the number of cues 
ÜL or access routes to its retrieval. As the lag 
L between any two occurrences of a word in- 
© creases, contexts in which the word occurs 
ecome more independent, and the total num- 
ber of different cues to its retrieval increases. 
he term differential encoding refers to these 
ifferent independent codings- Although this 
odel has not been specified in enough detail 
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FIGURE 2. Proportion recalled as a function 
of frequency and lag. 


to determine the size of a unit of subjective 
organization, the model does clearly imply: S 
that recall should continue to improve as the — 
lag between presentations of an item increases, 5 
Since the lag curve for twice-presented items — 
no longer rises beyond a lag of 8, and in fact 
declines when position of last occurrence is 
controlled, at least one version of the differ- — 
ential encoding hypothesis appears to be ruled ~ 
out. The data on items presented three times - 
are also consistent with the foregoing conclu- 
sions. On the other hand, it appears that à - 
specific assumption about the locus of the en- — 
coding process, perhaps along the lines of At- 
kinson and Shiffrin's original model, would . 
make the differential encoding hypothesis - 
consistent with the present. data. However, 
additional assumptions are clearly needed by 
both explanations to account for the observed . 
decline in recall beyond a lag of 8. 
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PAIRED-ASSOCIATE ACQUISITION AS A 
FUNCTION OF NUMBER OF INITIAL 
NONTEST TRIALS! 


RONALD LAPORTE ax» JAMES F, VOSS? 
University of Pittsburgh 


7n order to study the role of testing in paired-associate learning, the testing: 
phase of paired-associate recall trials was replaced by a series of computa- 
tional tasks. Following 0, 5, 10, 20, or 40 nontest pairing trials, Ss received 
ı recall trial and subsequently learned the list to a criterion of 1 errorless 
The results indicated that although it took an average of 7.5 trials 
to learn the 12-pair list in the standard condition (Condition 0), mean recall 
was approximately 10 correct responses following 20 and 40 nontest trials 
ind approximately 7 correct responses following 5 and 10 nontest trials. 
Furthermore, mean trials to criterion, not including the nontest trials, was 
not significantly different among Conditions 0, 5, and 10, although Condi- 
tions 20 and 40 yielded significantly fewer trials to criterion than the other 
The results were interpreted as supportive of the view 
that testing facilitates the development of retrieval processes; an additional 
interpretation was that the test trial provides feedback which influences 
selective attention and/or rehearsal on the subsequent list presentations, 


O Jounal of Exe 
1974, Vol. 10 i, 117 
trial. 
three conditions. 
thereby also influencing the acquisitior 
This experiment was concerned with the 


role of t:st trials in paired-associate (PA) 
learning In the typical PA recall procedure, 
each tria! consists of a presentation or study 


: phase, followed by a recall or test phase in 
© which « stimulus of the list is presented. 
| A prim function of the test phase is of 
© course to measure learning by determining 
the number of correct responses S is able to 

recall. ecent investigation, however, has 


shown that the test trial probably has other 
functions, especially with respect to the abil- 
ity to retrieve the associations, Specifically, 
Izawa (1966, 1967) has argued that the test 
trial helps to prevent forgetting, and that the 
presentation of a stimulus on a test trial 
potentiates the effect of subsequent pair pre- 
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n of the associations. 


sentations (Izawa, 1969, 1970). In addition, 


Allen, Mahler, and Estes (1969) provided 


evidence suggesting that training trial fre- 
quency influences the development and stor- 


age of associations, and test trial frequency 


influences the retrievability of associations. 
In a similar manner, Hogan and Kintsch 
(1971), using a free-recall procedure, have 


shown that long-term retrieval is facilitated 


by test trials. 
Tt should be noted that the study of the 
role of the test trial in PA learning has in- 


volved two types of design. The work cited. | 


above by Izawa as well as a study of Breg- 
man and Wiener (1970) consisted of manip- 


ulation of various patterns of pair presenta- — 


tions and stimulus presentations, i.e., the | 


RTRT type of design. The Allen et al. 


(1969) experiment consisted of 5 or 10 study — 


resentations, followed by 0, 1, or 5 recall 
trials, followed by a 24- hr. recall test. Thus, 


the manipulations have consisted of some | 


pattern of presentation and recall trials or a 
manipulation of frequency of pairing followed 
by variation in the number of test trials. 
The present experiment was designed to 
investigate the role of the PA test trial by use 
of a design in which the testing phase of a 
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series of PA recall trials was deleted and re- 
.. placed on each of the trials by a computa- 
- tional procedure. The number of such 
- nontest trials was 0, 5, 10, 20, or 40. Im- 
mediately after the nontest trials, a recall 
trial was presented, followed by occurrence 
of standard PA recall trials until the Ss who 
did not recall all responses correctly reached 
the criterion of 1 errorless trial. Thus, the 
- design provided for determining how correct 
response recall varies as a function of num- 
ber of nontest trials and how readily the 
pairs of the list that were not correctly re- 
called on the initial test trial could be ac- 
quired. The primary advantage of this 
method is that it provides for determining 
the course of acquisition as a function of 
number of trials in which no testing occurred, 
and the use of the computational procedure 
- enables comparisons to be made between con- 
tions that are equivalent with respect to 
_ the pairing phase of each trial, including the 
- spacing of the pairing phases of successive 
"trials, but different with respect to the test- 
_ing phase, i.e., a nontest computational pro- 
cedure vs. standard PA recall. 


METHOD 


- Conditions. A PA recall procedure was em- 
ployed in Stage 1 with the modification that a 
numerical computation task was inserted in place 
of each stimulus presentation of the recall phase of 
ach trial. This procedure involved presenting a 
h e-digit number and asking S$ to add the three 
digits mentally and state the sum. For example, 
S would receive 354 and was expected to respond 
12. Twelve different 3-digit numbers were used 
. On a particular trial, and different three-digit num- 
bers were used on each trial Five groups of Ss 
à received 0, 5, 10, 20, or 40 such Stage 1 nontest 
~ trials, respectively. 
Following the nontest trials, Stage 2 began with 
a test trial in which each stimulus item was pre- 
sented and continued with the list being presented 
via the typical PA recall procedure for Ss who did 
not recall responses correctly on the test trial 
This procedure was followed until S reached a 
criterion of one errorless trial. Condition 0, in 
which no Stage 1 presentations occurred, Depan 
with presentation of the stimuli in the same manner 
as a test trial in order to assure that each condition 
involved presentation of the stimuli before the 
standard acquisition trials began, In the analyses 
presented in the results section, Trial 1 of Condi- 
tion 0 refers to the first trial on which pairing 
occurred, i.e. the initial presentation of the stimuli 
before pairing is effectively regarded as Trial 0, 
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Materials. Two lists were constr, each of 
which consisted of 12 consonan consonant 
(CVC)-adjective pairs, with the ssociation 
values ranging 40%-60% (Arch ) and the 
adjectives having a minimal frequency : ^ :0/million 
(Thorndike & Lorge, 1944). Intra!i- similarity 
was minimized for the CVCs and adi. ‘ives, and 
the CVCs and adjectives were matched the basis 
of no apparent relatedness. The m is were 
presented via a Carousel projector. rate of 
presentation at all times was 2 sec. i sec. per 
pair presentation, stimulus presenta: c three- 
digit number presentation. There wa -sec. in- 
tertrial interval. 

Subjects. The Ss were introducto: ychology 
students who were assigned to each ition via 
a table of random numbers. The x "tion. was 
16, or a total of 80. Half of the Ss ich con- 
dition received each of the two lists. Ss were 
instructed to learn the pairs and werc hat they 
would be tested on the pairs by a re ocedure 
in which the first item of each pair « be pre- 
sented. Instructions were also given / > mathe- 
matical computation task, The Ss we n ques- 
tioned, and it was affirmed that th lerstood 
that they were to learn the pairs eve: gh they 
might not be tested until after a nu of pair 
presentations. The Ss were also ini d about 
how they would be tested, ie, by pv: ation of 
the first item of each pair, and that i were to 
recall the second item of the pair, A ihe non- 
test trials in Conditions 5, 10, 20, and Ss were 
informed that it was at this time tha stimuli 
would be presented for testing each tri creafter, 
and that they were to respond by stat; the re- 
sponse that was paired with the respect!«: stimulus. 
This rather lengthy description of the ructional 
procedure is stated in order to point that Ss 
were informed about the nature of the iask and 
apparently understood the instructio ind also 


were well aware that they should be ic:rning the 
pairs during the nontest procedure. Furthermore, 
the initial test trial was not an unexpecied event 
and Ss were, so to speak, "set" to respond. 


RESULTS 

The first column of Table 1 presents the 
mean correct responses on the initial test 
trial for Conditions 5, 10, 20, and 40. The 
standard deviations are presented in the pa- 
rentheses. Of note is the fact that 20 and 40 
training trials produced the correct recall of 
approximately 10 pairs, indicating that Ss 
tended not to learn all the pairs by 20 or 
even 40 trials. The data also show that al- 
though Ss recalled an average of approxi- 
mately 7 correct responses after 5 or 10 non- 
test trials, an additional 10 or 30 nontest 
trials resulted in the correct recall of an 
average of only 3 more of the 5 responses. 


TABLE 1 


cT RESPONSES (AND STANDARD 
:ND NUMBER OF Ss RECALLING 
)NSES CORRECTLY ON THE 

:ST TRIAL AS A FUNCTION 

r STAGE 1 TRIALS 


| Condition 0 


No. of Ss initial trials 

Con- ı correct recalling all | to mean cor- 

dition | ponses responses | rect response 

| correctly# of other 
conditions 
5 56 (3.31) 1 2.94 
10 | «75 (2.44) 1 2.18 

20 | ..18 (2.07) 5 5.26 

40 | 01 (201) 2 5.01 

n= 16, ion, 

An ans 3s of variance performed on the 
Table 1 © + revealed a significant effect of 
condition (3, GOy R0 PEUT 
Duncan ;e test showed that the means 
fall into significantly different groups, 
Conditio: and 10 and Conditions 20 and 
40, with two means within each of the 
two gro “ngs not differing significantly 
from eac her, 

The so ond column of Table 1 indicates 
the numi. of Ss recalling all of the re- 
sponses «^:rectly on the initial test trial. As 
indicated, only a few of the Ss recalled all 
pairs correctly in Conditions 5, 10, and 40, 
with 5 of 16 recalling the list correctly in 


20 
«d column of Table 1 presents data 
0 which may be used to make 
between the Table 1 data of 
the nontest conditions and Condition 0. The 
data shown consist of the mean number of 
trials taken in Condition 0 to reach the num- 
ber of correct responses that were made on 
the initial test trial in the respective nontest 
conditions. Thus, whereas after 5 nontest 
trials the mean recall for Condition 5 was 
7.56, it took Condition 0 Ss a mean of 294 
trials to make the same number of correct 
Tesponses. Similarly, it took Condition 0 
Ss 2.18, 5.26, and 5.01 trials to reach the 
level of correct responding shown on the 
initial test trial by Conditions 10, 20, and 40, 
respectively. The point of interest of these 
data is that the comparison provides some 
basis to assert that the performance differ- 
ences that exist between the test and nontest 
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procedures diverge as learning proceeds, i.e., 
the advantage of the testing procedure com- 
pared to the nontest procedure increases over 
trials. 

The first column of Table 2 presents the 
Stage 2 trials to criterion. The standard 
deviations are presented in the parentheses. 
In obtaining the Table 2 means, the initial 
test trial was counted as Trial 1 in Condi- 
tions 5, 10, 20, and 40. An analysis of vari- ' 
ance of the Table 2 data revealed a significant 
condition effect, F (4, 75) = 3.18, p < .05. 
A Duncan range test revealed that with one 
exception which fell just short of significance, 
Conditions 0 and 20, performance fell into 
two groups, with the performance of Condi- 
tions 0, 5, and 10 differing significantly from 
Conditions 20 and 40, while differences 
within the two groupings were not significant. 

One could argue that since Stage 2 began 
with a test trial that did not have a pairing 
phase, it is not appropriate to count that as 
Trial 1 in Stage 2; instead, it could be argued 
that the first trial containing both a pairing 
and testing phase should be counted as Trial 
1. Ifthis argument is maintained, the means 
of Table 2 for Conditions 5, 10, 20, and 40 ` 
would be reduced by one trial, i.e., 6.37, 6.93, 
3.50, and 3.00 trials to criterion. (In such a 
computation, correct recall of all responses 
on the initial test trial must of course be re- 
garded as Trial 0.) Analysis performed 
upon the data treated in this way also re- 
vealed a significant difference of condition, 
F (4,75) 2 448, p < .01, and the same two 
groupings of means of the conditions. Thus, 
for conditions having 5 or 10 nontest trials, 
Stage 2 acquisition was not facilitated, de- 
spite the fact that at the end of the nontest 
trials, an average of approximately 7 of the 


TABLE 2 


MEAN TRIALS TO CRITERION (AND STANDARD 
DEVIATIONS) IN STAGE 2 AS A FUNCTION OF 
NUMBER or STAGE 1 TRIALS 


Percent transfer 


Condition Trials to criterion 
0 7.50 (2.94) — 
5 8.37 (5.38) 11.6 (1.7) 
10 7.93 Ped 5.1 (1.6) 
20 4.50 (4.53) 40.0 (53.3) 
40 4.00 (2.64) 46.7 (60.0) 


MEAN CORRECT RESPONSES 


12 responses were correctly recalled in Con- 
- ditions 5 and 10. With 20 or 40 training 
trials, however, performance tended to be 
facilitated relative to Condition 0. 

. The second column of Table 2 presents 
the acquisition data in terms of transfer. If 
the mean of 7.50 trials to criterion of Condi- 
tion 0 is taken as a base, then the percent 


spective condition from that of Condition 0, 
dividing by the Condition 0 trials to criterion, 
and then multiplying the quotient by 100, or 
S-E/C) x 100. As shown, transfer is neg- 
ative for Conditions 5 and 10, and becomes 
appreciable only for Conditions 20 and 40. 
Yet it is interesting to note that Conditions 
20 and 40 did not reach 5096 transfer. The 
numbers in parentheses present the same 
transfer measure as obtained if one trial is 
subtracted from the mean trials to criterion 
in Conditions 5, 10, 20, and 40, as suggested 
by the previous discussion, Such a measure 
changes the percent transfer values to posi- 
-— tive for all conditions, but the transfer is of 
- relatively small magnitude in Conditions 5 
and 10 and 5396-6096 for Conditions 20 and 

40. 
It should be noted that a. possible bias in 
the Table 2 data of Conditions 5, 10, 20, and 
40 involves the fact that all Ss who got all 
responses correct on the initial test tria] may 


10 
TEST TRIALS 


Figure 1. Mean correct responses as a function of test trials for the 
five experimental conditions. 


15 


correctly 
'er, this 
the out- 
1 shows, 
rectly on - 
ion 20 is 
tial bias, 
c been to 
transfer 


have been able to state all resp 
after fewer nontest trials. |! 
bias should have little effec: u 
come of the analyses since, as T 
so few Ss recalled all responses 
the initial test trial. Only in Co 
there any possibility of a sub: 
and the effect of this bias would : 
increase the amount of posit 
shown in Table 2. 

Figure 1 presents a more det: 
the Stage 2 acquisition data. 1 
shown in Figure 1 should be no: 
Condition 0 performance “overtak ; 
Conditions 5 and 10 by about the fourth trial. 
Second, in general, the performance of Con- 
ditions 5, 10, 20, and 40 following the initial 
test is characterized by rather gradual im- - 
provement. 

One question of interest raised by the data - 
of Figure 1 is whether in fact the responses 
that were recalled correctly in Conditions 3, 
10, 20, and 40 on the initial test trial tended 
to be recalled on the subsequent trial, 0f 
whether performance in these conditions 1 
volved a decrease in the correct recall of the à 
responses that were correct on the Ev 
test trial, accompanied by correct recall 0 
those responses not recalled correctly on "n 
initial test trial. This question is of intere? 
because it is conceivable that the retrieve? 
process used by Ss on the initial test tr! 


iied view of 
» findings 
. First 
” that of 


in Conditions 5, 10, 20, and 40 would be 
changed n Ss were presented with the 
pairs in iandard pairing-test procedure, 
and tha : a change in retrieval strategy 
would | lected in the temporary loss of 
some of vesponses that were recalled cor- 
rectly ou initial test trial. Three mea- 
sures we herefore employed to obtain in- 
formati garding how stable correct 
response: ere during the Stage 2 procedure. 
First, f s who did not have all correct 
responses on the initial test trial, the proba- 
bality of ^orrect recall on the trial after the 
initial tes’ ‘rial was determined, given that the 
particula: response was recalled correctly on 
the initi: ‘est trial, These probabilities were 
86, .87. °6, and .94 for Conditions 5, 10, 
20, 40, - vectively. As a control, the proba- 
bility < correct response on Trial 2 in 
Conditio: 0 was determined, given that the 
response iad been correct on Trial 1, the 
first tri. after Ss had observed the pairs. 
This pr-;:bility was .90. Analysis of vari- 
ance p -med on the data of the five con- 
ditions :-vealed no significant difference in 
this conditional probability measure among 
the cc: ns, F (4, 64) < 1.00. Thus, 
these da. indicate that the responses recalled 
correctly on the initial test trial were not for- 
gotten on the subsequent trial any more than 
those responses correct on the first pairing 
trial were forgotten on the second pairing 


trial of Condition 0. Second, the probability 
of a correct response was tabulated for each 
condition in the following manner, Given 
the first correct recall of a response, what is 
the probability that the response was recalled 
correctly on the next trial? This measure 
thus was essentially the same as the previous 
Measure, except it was obtained for all Stage 
2 trials. The probabilities for Conditions 0, 
5, 10, 20, and 40 were .82, .74, .82, .85, and 
89, respectively, and an analysis of variance 
revealed F < 1.00 for the condition effect. 
The third measure employed was the percent 
errors after the first correct response, tabu- 
lated by determining the number of oppor- 
tunities for error after the first correct re- 
sponse, dividing that number into the errors 
Committed within these opportunities, and 
multiplying by 100. The percent measures 
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for Conditions 0, 5, 10, 20, and 40 were 23. 
23.0, 20.8, 22.9, 21.5, respectively. An anal} 
sis of variance indicated that the effect « 
condition was not significant, F (4, 66) = 
1.53, p > .05. Taken as a whole, these mez 
sures provide no evidence which suggest 
that responses correctly recalled on the initi: 
test trial or on subsequent trials were les 
stable in the nontest trial conditions than i 
the standard Condition O procedure. 

The final tabulation is related to the fol 
lowing notion. One could argue that eac 
testing trial constitutes a learning trial, an 
so the relatively good performance of Condi 
tion 0 may simply be due to the fact that b: 
5 of the Stage 1 nontest trials, Condition . 
had 5 trials whereas Condition 0 in realit; 
had 10 trials (5 pairing and 5 test trials) 
Similarly, Condition 10 had 10 trials 
whereas Condition 0 had 20 trials, ete. I 
one calls each presentation of the pairs o: 
each presentation of the stimuli a trial, ther 
the data indicate that for Conditions 0, 5, 10 
20, and 40 the mean numbers of trials tc 
reach criterion were 16.0, 21.8, 25.8, 29.0 
and 48.0, respectively. Thus, using this mea: 
sure it took three times as many trials, on the 
average, to learn the list in Condition 40 
than in Condition 0. 


Discussion 


The present results support the general view 
that the role of the test trial in PA learning in- 
yolves more than simply providing E with a 
measure of S's learning. Indeed, the present 
findings indicate that the rate of learning and 
possibly even the asymptotic level of perfor- 
mance are influenced when computational tasks 
are substituted for the test trial. The data pre- 
sented in Tables 1 and 2 show that learning 
rate was reduced in the nontest trial procedure, 
To show that asymptotic performance level may 
be affected, the reader is asked to consider the 
mean correct responses on the initial test trial 
for Conditions 5, 10, 20, and 40 (Table 1), and 
view these four points as a learning curve de- 
picting mean correct responses as a function of 
number of nontest trials; If one adopts this 
interpretation, then the data of Conditions 20 
and 40 at least suggest that when testing is nol 
present, Ss reach an asymptotic level of perfor- 
mance of about 10 of 12 correct responses. 


- The present findings may be interpreted in 
erms of the storage-retrieval distinction as 
- made by Greeno (1970) and by Estes and his 
_ colleagues (Allen et al., 1969; Estes & DaPolito, 
= 1967). The Condition 5 and Condition 10 data 
indicate, by extrapolation, that approximately 
: five or six pairs may be acquired without much 
difference occurring in the test and nontest 
trial procedures. However, as the number of 
- presentations increases, the difference in per- 
 formance in the two procedures increases, as 
- shown by comparison of the initial recall data 
- of the nontest trial conditions to the Condition 0 
"acquisition data (Table 1). The Table 2 data, 
E however, show that there is virtually no differ- 
ence in Stage 2 trials to criterion in Conditions 
0, 5, and 10, despite the fact that over half of 
the pairs were recalled on the initial test trial 
_ in Conditions 5 and 10. This result thus indi- 
cates that although Ss may learn a given num- 
- ber of pairs of the list without test trials, they 
have considerable difficulty learning the last five 
‘or six pairs, a result suggesting that test trials 
needed early in acquisition to develop an 
ippropriate retrieval mechanism. With respect 
to the data of Conditions 20 and 40, the Table 
1 and Table 2 results indicate that a large num- 
er of pairing presentations may compensate to 
- some degree for a smaller number of test trials. 
‘However, even these conditions showed only 
 50%-60% transfer. Thus, the results indicate 
that divergence in initial recall performance 
occurs when a standard test trial procedure is 
Bue to a nontest trial procedure; and, to 
. compensate for the lack of the testing phase on 
ich trial, a disproportionately large number of 


1e lack of testing. 

A somewhat different view which relates test 
rial effects to storage processes rather than to 
1 rieval processes is to postulate that the test 
rial in the PA task provides S with feedback 
regarding which pairs he knows and which he 
does not know. Assuming that he is able to 
. maintain the information from the recall phase 

of a trial to the subsequent pair presentation of 
the next trial the individual is then able to 
attend to or selectively rehearse those pairs he 
does not know. If, on the other hand, there is 
not testing, it is more difficult for S to discrimi- 
nate the pairs he knows from those he does not 
know, and what rehearsal there may be during 
the presentation of the pairs would tend to be 
unrelated to his state of knowledge of the pairs. 
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Two final points should be ned, At 
first glance, one may be inclinec interpret 
the present experiment in terms pair fa- 
miliarization, much like the exper ents that 
have been conducted on stimulus "liariza- 
tion and response familiarization lowever, ^ 
this interpretation is really not adec >, for SS 
in the present experiment were i icted to 
learn the pairs, whereas in familia tion ex- 
periments, the stimuli or response: ypically 
presented to S and he is instructed ! onounce 
or read the items. Thus, the proc 1 differ- 
ence indicates that the familiarizat iterpre- 
tation is inappropriate. Second, ; ould be 
noted that the role of the test trial | ! course 
been studied more extensively in fre dl than 
in PA learning, especially with re to the 
role of the test trial in the develo of list 
organization. A comparison of thi of the 
test trial in these two procedures \ "ovided 
by Bregman and Wiener (1970) v! neluded 
that the test trial is more import ‘ree re- 
call than in PA learning. Althoug present 
data do not bear directly upon the ve role 
of the test trial in PA learning ano recall, 
the present experiment, using a scr vat dif- 
ferent design than the Bregman Wiener 
study, does suggest that the PA te ial may 
be more important than Bregman «` Wiener 
suggest. 
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It is usual for learned material to be 
. forgotten over time; it is rarer for for- 
gotten material to be recovered. This state 
affairs has meant that most theories of 
iemory attribute forgetting to some sort of 
" a deterioration of a hypothetical 
memory trace. An alternative view is 
p Tulving's (1969) proposal that forgetting 
‘is cue-dependent; that is, that the proba- 

— bility of recall of an item depends not on the 
strength of its memory trace but rather 
n the presence or absence of appropriate 
trieval cues. Supporting evidence for 
this view is provided by studies that have 
compared cued and noncued retrieval of 
‘individual items and have demonstrated 
overy of apparently forgotten items 
. When appropriate cues are given (e.g., 
Tulving & Pearlstone, 1966; Tulving & 

sotka, 1971). 

e present study extends this notion 
. cue-dependent forgetting to paired- 
iate learning. Studies of retrieval 
metries using paired associates (Lock- 
hart, 1969; Wolford, 1971) have already 
lemonstrated that some items, such as 
oncrete nouns, are better retrieval cues 
than other items, such as abstract nouns, 
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CUE-DEPENDENT FORGETTING IN PAIRED-ASS( 


Two experiments compared concrete nouns and numbers as retrieval cues for 
paired associates across three recall tests with Ss given instructions to for: 
unbiased mnemonics, mnemonics biased toward the noun, mnemonics bias. 
toward the number, or control instructions. Forgetting and recovery acro 
tests were cue-dependent in that noun-to-number cue shifts yielded substanti 
forgetting while number-to-noun shifts yielded substantial recovery. In- 
structional biases modified appropriately the superiority of noun cues ow 
numbers, although the effect was relatively weak. The discussion center 
on factors determining the effectiveness of retrieval cues. 


‘ATE 
LEARNING! 
TANNIS Y. ARBUCKLE * 

Sir George Williams University, Montreal, Canada 
adjectives, or numbers, but t) studies: 
have not examined whether 1! trieval 
asymmetries occur within Ss irs if 
strong and weak cues are alter: across | 
successive test trials. The r ce of 
such retrieval asymmetries to cuc- epend- 
ent forgetting may be seen by « lering 


the learning and recall of a pair of ei- {nents, 
Aand B. In learning the pair S forr- some 
sort of association between A and vhich fi 
is assumed to have a forward d «ction, [P 
A-B, and a backward direction, 8 A. Inf} 
recall, if the association can lx ecalled 
when cued by one element but not when 
cued by the other, or in other words, if 
over successive recall tests forgetti ' 
ceeds recovery with shifts from a known 
"strong" cue, such as a concrete noun, toà 
known “weak” cue, such as a number, and! 
conversely recovery exceeds forgetting with. 
number-to-noun shifts, then provided cer- 
tain controls have been included, cue 
dependent forgetting of the association will 
have been demonstrated. The necessary 
controls are for any effects of directionality: $ 
A-B versus B-A, on the association being 
tested, and for any differences in avail- 
ability or guessing probabilities of A and Bp 
as responses. This latter control is required 
because the evidence for successful recall 
of the association is recall of the response; 
thus, controls on response availability an 
guessing probabilities serve to ensure that} 
recall of the response provides a reasonably 
unbiased index of recall of „the association. 
The experiments reported here were, 


with demonstrating 

z and weak retrieval 

y of associations over 

all tests but also with 

rent conditions of en- 

ectiveness of strong and 
, different groups of Ss 
earned a serie: lists under mneomonic 
nstructions wh varied in terms of 
(hether mediate were to be formed and if 
0, whether tho were to be neutral or to 


ncerned not o 
e effects of s! 
es on accessib 
ree successive 
adying how d 
ing alter the 
eak cues. T! 


e biased in ' of one or the other 
lement of th: ir. 
'ERIMENT | 
Method 
Materials. ists were constructed, each 


senting a ticular conceptual category: 
- clothi owers, fruits, metals, occupa- 
lons, parts of body, vegetables, vehicles, and 
feather phen X The 10 pairs of each list 
re formed | "domly pairing the digits 1-10 
ith 10 noun 3-7 letters chosen from among 
hose most fr cently given for that category 
ccording to t shen, Bousfield, and Whitmarsh 
1957) norms 5-pair practice list representing 
he furniture ory was similarly constructed. 


election of « .ories and exemplars was based 
nthe ease w which they elicited discriminably 
ifferent imag pilot work. All pairs and left- 
and member re printed on 3 X 5 in. file cards 
ld were prese: -d by means of a manually operated 
ird holder wh--« removal of each card exposed the 
ext card in the series. 

Subjects. The Ss were 60 university students who 
ere paid for their services. 


Design. Threw factors were varied—instructions, 
Sts, and cue ««quences, with repeated measures on 
le last two factors. 

The instructions were as follows: noun-biased 
hagery (Noun condition), where Ss were told to 
rm images which focused on the noun member of 
Ie pair, e.g., for 7-poor, a door with a 7 on it; 
imber-based imagery (Number condition), where 
5 were taught the ome is a bun rhyme scheme 
Miller, Galanter, & Pribram, 1960) and were told 
) form images that focused on the rhyming peg 
Ord, e.g., for 7-poor, heaven with a door leading 
ito it; and Control, where Ss were simply told to 
am as many pairs as possible. These three in- 
tUctional conditions were run concurrently, 20 5s 
ting assigned to each in rotation based on order 
&ppearance at the laboratory. 
‘There were three recall tests for each list, Test 1 
lowing immediately after presentation of the list, 
St 2 after all lists had been tested on Test 1, and 
est 3 after all lists had been tested on Test 2 
lirs were presented in ascending order of number 
embers and were tested on Test 1 in one of 10 
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different output sequences which were constructed. 
and varied across Ss and categories as in Arbuckl 
(1967, Experiments IV-V1). Two additional outp 
sequences were constructed for each category f 
use on Tests 2 and 3. 

There were four sequences of noun (N) and 
number (#) cues across tests: NyNo#3, Ni 2N; 
XaNaÉa #:#2N3. These cue sequences were con- 
structed as follows. Five pairs of each list were 
presented for study in the N-# order and five in the 
#-N order, with the assignment of particular pairs 
to these two orders being done randomly for the 
first S and each second S thereafter participating i 
each instructional group, and with each alternate SS | 
receiving the inverse order of pair members from 
that given to the S immediately preceding him in 
his instructional group. On Test 1 all pairs were - 
cued by the left-hand member, that is, inthe forward — 
direction. On Test 2 each S had five lists cued by — — 
nouns and five by numbers, with the assignment 
of cue type to lists being reversed on Test 3. Thi: 
mode of cuing meant that half of the pairs on eacli 
list were cued in a forward direction and half in a - 
backward direction on each of Test 2 and 3. No 
S had more than three successive lists cued by the 
same type of cue on Test 2 or 3, and across Ss within 
instructional groups each list was cued equally 
often by nouns and numbers on each test. s 

The 10 lists were arranged in a random sequence, 
with starting point in the sequence of lists being 
systematically varied across Ss within groups. y 

Procedure. The Ss, tested individually, were told | " 
that order of noun and number members would vary 
within lists and that the left-hand member would 
always be the test cue. They were not informed 4 
that there would be more than one recall test. A — 
study-test trial on the practice list was given to 
ensure that Ss were following their mnemonic 
instructions. 3 

Lists were introduced on each test by the category 
name. Study time per pair was unpaced, with Ss om 
being instructed to study each pair until they had E 
formed an appropriate image (Noun and Number | 
groups) or until they felt they had learned ito 
(Control). The total study time per list was re- — 
corded. The three recall tests were all paced by E- 
at an approximate 5-sec. rate. The Ss responded | 
orally, with the recorded response being the last | 
one given to a cue before the next cue was exposed. 
The Ss were warned not to guess, and this warnin 
was repeated if S made more than an occasional 


intralist intrusion. 


Results and Discussion 


Correct recall. Each S was tested a total — 
of 25 times with each cue sequence on - 
each test trial. Mean correct responses 
averaged across Ss are shown in Table 1 
for the four cue sequences as a function op 
instructions, cue, and test trial. Cor- E 
rect recall varied across tests, F (2, 114) 
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TABLE 1 


Mean Correct RECALL FOR Four CUE SEQUENCES AS A FUNCTION OF 
Instructions, CUE TYPE, AND TEST TRIAL 


Cue sequences across tests 


i Y Group 

y Ni - Na - #3 Ni - #: - Na #1 - Nz - A ET 
4 Noun 2.8 194 13.3 | 220 11.3 179 | 17.6 188 132 | 174 
ui Number 210 178 11.9 21.9 10.0 17.6 20.0 18.6 14.6 19.2 
be Control 20.0 15.8 12.1 | 198 109 154 | 17.3 166 132 | 169 
“i 

5 Mean 209 17.7 124 | 212 10.8 17.0 


183 180 13.7 | 17.8 


= = 251.09, p < .01, and cue sequences, 
—F (3, 171) = 5.16, 5 «.01, but was 
not significantly affected by instructions. 
The Tests X Cue Sequences interaction, 
—F (6, 342) = 176.42, p <.01, provided 
- strong evidence for cue-dependent for- 
— getting. As may be seen from the column 
means of Table 1, large decrements in 
_ recall occurred with shifts from noun cues 
to number cues, while either minimal 
decrements (Test 1 to 2) or large incre- 
ments (Test 2 to 3) in recall accompanied 
mumber-to-noun shifts. Post hoc tests 
using Cicchetti's (1972) modification of 
the Tukey (a) procedure (Winer, 1962) 
showed that on each test each of the two 
 noun-cued sequences produced significantly 
— (b «.05) greater recall than did either 
umber-cued sequence, a finding which 
indicated that the superiority of noun cues 
ver number cues held regardless of the 
direction in which the association was 
tested. The only other significant effect 
as the Instructions X Cue Sequences 
Tests interaction, F (12, 342) — 3.31, 
1 < .01. As may be seen from the means 
j: the body of Table 1, this interaction 
eflected the fact that the instructional 
biases did alter appropriately the effective- 
ness of noun and number cues, but their 
-—offects were rather weak, and, in the case 
of Number instructions, were limited to 
Test 1. 

The changes in recall with cue shifts 
across tests, while consistent with the idea 
of cue-dependent forgetting, could be 
interpreted as simply indicating that re- 

asymmetries are reliable. The more 
ical demonstration is to show that cue 
voduce recall changes within in- 


dividual Ss and items. To thi 


protocols of all Ss in Experim: I were 
examined and all cases of forget! v, where 
S recalled an item correctly (C Test 1 
and incorrectly (N) on Test n- | (CN) 
and recovery, where S recalled item in- 
correctly on Test » and correc on Test 
n-+1 (NC), were tabulated « totalled 
across Ss for each two-test ence of 
cues, Table 2 gives these C^. nd NC 
frequencies relative to the nun: of CN 


and NC responses that could ha: 
for each sequence. It may lx 
with noun-to-number shifts, 
exceeded recovery by at least a 
while with number-to-noun shift 
exceeded forgetting by at least « 
These effects of cue shifts on CN and NC 
responses were clearly evident evin in the 
data of individual Ss, regardless of their 
overall level of recall. Thus the best (92% 
correct) and poorest (37% correc!) of the 
Ss in terms of total recall both gave propor- 
tionately more CN responses and fewer 
NC responses with noun-to-number shifts 
than with number-to-noun shifts. 

Study time. Study times were analyzed 
as a function of instructions and lists (first 
to tenth list learned) to see whether any 
of the systematic variations in correct 
recall could reasonably be attributed t9 
variations in study time. The only 
significant effect was that of lists, 
(9, 513) = 3.88, p « .01, with study time 
decreasing linearly (p < .01) across succes 
sive lists learned. 


EXPERIMENT II 


While the data of Experiment I wer 
consistent with the idea of cue-dependen 


fact that 100 nouns drawn 
exhaustive categories were 
d'with 10 numbers drawn 
istive category raises the 
vhether the apparent cue 
served in Experiment I was 
ection of differences in the 
the guessing probabilities of 
nbers as responses. To make 
ve similar for nouns and 


‘forgetting, 
from 10 
- being co: 
from 1 


availabilit 
nouns and 
conditions 


- numbers, riment II used 8 different 
nonexhau: categories. of 8 two-digit 
numbers, ‘ii category being defined by 
the first d e.g., numbers in the twenties, 
and exem: iv by the second digit. While 
thenumb: — ategories still remained smaller 
than the  ominal noun categories (e.g., 
all anim since the nouns used were 
mostly frequency responses to the 
category ne, the difference in size be- 
tween t iumber categories and the 
functione ioun categories (e.g., famil- 
jar anim would presumably be much 
smaller. solute equality of number and 
noun set vould probably not equate the 
availabii Í concrete nouns and numbers 
in any ©, since the weight of evidence, 
eg. Ho. itz and Prytulak (1969), sug- 
gests th: all other things being equal, 
numbers, being more abstract, would be 
less avaiable for recall than concrete 
nouns wi be. Further changes in the 
design of Experiment II included altering 


the instructions, since the ome is a bum 
mnemonic could not be used with the new 
materials, and using two rates of testing 
to examine whether the poorer recall with 


RELATIVE FREQUENC 


TABLE 2 


v or FonGETTING (CN) AND RECOVERY (NC) Across 
Tests IN RELATION TO DIRECTION OF CUE SHIFT: 
EXPERIMENT I 


CIATE LIS 


number cues possibly indicated a k 
latency of responding to weak cues rather 
than an inaccessibility of the association 
being cued. ? 


Method 


Subjects. The Ss were 64 male and female 
introductory psychology students who were paid: 
their services and who had not partici 
previously. 2 

Materials. Eight noun categories were chosen . 
from those used in Experiment I (omitting flowers 
and metals) and 8 nouns were randomly selected — 
for each category from the 10 used previousl 
Exemplars for the number categories (twenties to 


the exemplar identical with the category num 
appeared in six categories, and the remain g 
exemplars in six or seven categories. The nou 
and number categories were randomly paired, 
were the noun and number exemplars of eacl 
category, to yield the eight eight-pair lists. 
terials were prepared and presented as in Expei 
ment I. g 
Design. The design was a 2X2X3X8 . 
factorial with the first two factors, instructions and 
rate of testing, being varied between Ss, and t 
last two factors, tests and cue sequences, involvi 
repeated measures. Two instructions, Associatio 
in which Ss were told to form an imaginal or verbal 
mediator for each pair, and Control, were combine 
with two rates of testing, 5 and 8 sec., to yield th 
four experimental conditions. The conditions w 
run concurrently, with 16 Ss being assigned non- 
systematically to each. There were three recal 
tests handled as in Experiment I, and eight cue 
sequences, constructed as follows. Two sets of li Bits 
were prepared: Set A by randomly assigning four — 
pairs of each list to the #-N order and the remainin, 
four to the N-# order, and Set B by inverting 
the Set A pairs. Since pairs were always cued 
Test 1 by their left-hand member, the four pairs of a 
list which were in the N-# order on Set A were 


Stage of testing 


Test 1 to Test 2 


Test 2 to Test 3 


Shift 
CiN: NiC: C:N NiCs 
.34(2114) .17(886) 
Noun to number .52(1274)* .15(226) 3 IR AER 
Numbe :16(1099) 239(401) :08(1349) "52(168 
No shift ni. 80825) .15(625) = 


* The number in parentheses is the num! 


iations: C = = incorrect. 5 i 
Note. Abbreviations: C = correct, N Bee of cases on which each relative frequency is based. 
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TABLE 3 


MEAN ConRECT RECALL IN EXPERIMENT II AS A FUNCTION 
OF CUE SEQUENCE AND TEST 


Cue sequence 


Test IM 
NiNNNS | NiNe#s | Ni#sNs | Mët NS Ni | ##N: | ES 
1 6.08 5.95 6.23 6.06 5.53 BUG! 4.75," |. 51d 
2 5.30 4.70 3.27 4.06 5.47 4.94 | 350. 08 
3 5.53 4.20 5.17 4.23 5.56 4.05 | 489 | 592 
Mean* 5.64, 4.95, 4.89, 4.79 b0 5.52, 47h | | 4384 
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Assigned randomly to the four cue sequences that 
= had noun cues on Test 1, specifically NNsN;, 

IN;NS, Ni#:Nz, and Ni#.#3. The same four 
- pairs, appearing in the #-N order on Set B, were 
-— assigned to the reverse of the cue sequence that 
- they had been assigned to on Set A. For the 
- sequences listed above, these reverse sequences were 
gba, #i# Na, #iNa#s, and #1N.N3, respec- 
tively. Pairs appearing in the #-N sequence on 
Set A lists were randomly assigned to the latter four 
cue sequences, and on Set B, to the corresponding 
one of the former four sequences. Assignment of 
_ Ss to sets was counterbalanced within instruction- 
"by-rate conditions. Presentation sequences for the 
pairs of all lists in each set were randomly con- 
structed. Within sets the order of testing the pairs 
as constant for each list across Ss and tests, but 
as varied across lists so that each cue sequence 
as tested once for each S in each of the eight 
possible positions in the output sequence. 
Procedure. The procedure, modified appropriately 
for the new rate and instruction conditions, was 
erwise similar to that used in Experiment I 
except that no practice list was given and that Ss 
ne told both the number and the noun category 
for each list before each test. 


Results and Discussion 


.. Correct recall. Preliminary analysis 
showed that list set had no effect on correct 
recall either alone or in combination with 
other variables, and hence the data for 
. the two sets were combined. 

Analysis of correct recall indicated effects 
of tests, F (2, 120) = 144.46, p < -01, and 
cue sequences, F (7, 420) = 18.47, p < .01, 
with recall being greatest on Test 1 and 
least on Test 2 and, as the column means 
of Table 3 indicate, generally greater for 
sequences containing more noun cues. Cue 
dependence was clearly evident in the 
Tests X Cue Sequences interaction, F 


- Note, Numbers set in standard type represent means for noun-cued recall ; those in italics represent means for 


^ Means not sharing a common subscript differ significantly (p < 05.). 


ber-cued - 


ie seen 
i-cued 
italic) 

Post 
! that 
mber- 
< .05) 
-cued 
s true 
r-cued 


(14, 840) = 24.56, p < .01, as ma 
by comparing the means for n 
(standard type) and number-cue 
recall given in the body of Tabl. 
hoc tests (Cicchetti-Tukey) sh 
on Tests 2 and 3 all four means fo 
cued recall were significantly 
smaller than all four means for : 
recall, while on Test 1 the san« 
for three of the four means for nu 
recall. 

There were two other significa: =flects, 
an Instructions X Tests intere on, F 
(2, 120) — 6.13, p < .01, which r- ected a 
greater decrease in recall across («is with 
control instructions, and a Ra:- x Cue 
Sequences interaction, F (7, 42) = 2.11, | 
P «.05, which was attributai to a 
reversal with the Ni#.N; cue sequence of 
the general tendency for recall to be slightly 
greater with an 8-sec. rate of testing. There 
was no support in the data for the hy- 
pothesis that retrieval asymmetries arise 
because of a longer latency of responding 
to weak cues. 

While cue-dependent forgetting could be 
inferred from the overall recall data, CN 
and NC responses were again tabulated for - 
each S in order to see whether the shifts in - 
cuing on successive tests were associated — 
with appropriate shifts in recall of in- | 
dividual items by individual Ss. Tabu- 
lation of the CN data showed that 5$ 
forgot 19% of the 2,597 pairs correctly - 
recalled on the immediately preceding test - 
under the two types of no-shift conditions 
as compared with 30% of 1,409 pairs with 
noun-to-number shifts and 15% of 1,118. 


CUE 


mber-to-noun shifts. The 
NC data showed that Ss 
of 1,499 pairs incorrectly 
> preceding test under no- 
s as compared with 20% of 
noun-to-number shifts and 
pairs with number-to-noun 


pairs with 
correspone 
recovered 
recalled o 
shift cond 
638 pairs 
40% of 9 


shifts. St | another way, with no shift, 
forgetting sentially equaled recovery; 
with stro; ‘o weak cue shifts, forgetting 
was appr: itely twice as likely as re- 
covery, ai ith weak to strong cue shifts, 
recovery ipproximately twice as likely 
as forget! 

Study i Analysis of study time per 
list as a tion of instructions, rate of 
testing, o: ists (first to eighth list learned) 
showed that the Association group 
required time than the Control group, 
F (1, 60 6.42, p < .01. 

NERAL DISCUSSION 

The im: -tance of the present study lies in 
the dem: ation that the accessibility of a- 
paired-as ite item over a series of test 
trials var is a function of which element of 
the pair i: «ced to cue the other. The changes 
in recall ıt accompanied cue shifts across 
tests are st reasonably attributed to differ- 
ences in the effectiveness of nouns and numbers 
as retrieval cues although, despite the controls 
employed io attempt to equate their avail- 


ability a ponses, residual differences in 
response ilability could have contributed 
to the overall effect. 

The fnding that the accessibility of a 
particular mnemonic unit varies depending on 
which element serves as cue would pose a 
Problem for any theorist who conceives of 
paired-associate learning as simply the linking 
together of two independent elements. More 
cognitively oriented theorists (e.g, Horowitz 
& Prytulak, 1969; Martin, 1968) tend to 
assume that paired-associate learning involves 
Some sort of transformation of the individual 
elements into a new entity or entities. Because 
the encoded transformation of the pair could 
Conceivably be related in different degrees to 

two original elements, such theorists would 
Not be surprised to find that one pair member 
Was a better retrieval cue than the other. 
‘lowever, implicit in such theories and explicit 
in Tulving's hypotheses about cue-dependent 
forgetting (Tulving, 1969) and encoding 
Specificity (Tulving & Thomson, 1973) is the 
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LISTS - 


idea that the way the information is eni 
determines how effective the different possi 
retrieval cues will be. The manipulation. 
encoding biases in the present study was. 
designed to test this idea, and to some degree. 
supported it, although the ability of the biased 
mediator to increase the effectiveness of thi 
appropriate cue was relatively limited an 
varied across test trials. Much more strikin) 
was the fact that cues which were defined aes 
priori as being strong and weak maintained’ 
their relative effectiveness under all ur 
tional conditions and with all materials. The 
strong cues, the concrete nouns, differ from 
numbers both in the ability to evoke imagery ^: 
and in the possession of a specific 2 


The former property could increase cue 
effectiveness by providing it with two ways — 
of gaining access to the response, the one Me 


from which to begin the search for the respon: 
Whatever the specific reasons for the superio 
ity of nouns over numbers as retrieval cu 
it is obvious that conditions present at time 
of retrieval are critical in determining how - 
much of what is known can be recalled. What | 
the present study points out is that if we are 
to understand retrieval processes, we must not 
only consider the influences of encoding on the — 
effectiveness of retrieval cues, but we must 
also investigate the properties which, i 
dependently of the specific encoding conditions, 
differentiate strong and weak retrieval cues. 
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mechanisms. 


storically, interference theory has as- 
ed that proactive inhibition (PI) can be 
buted to response competition from pre- 
sly learned responses at the time of re- 

However, current research suggests 
retention losses due to prior learning 
also result from a loss of list differentia- 
and a loss of response availability. How 
processes work in combination to pro- 
: PI has not been very clear, and current 
terference theory has not been systemati- 
y developed with respect to PI processes 
than response competition. 
Operationally, PI is an increase in the rate 
Orgetting, over some retention interval, 
function of prior learning. Two-factor 
erence theory (Melton & Irwin, 1940; 
nan, 1961) predicts the occurrence of 
on paced recall tests as a result of re- 
se competition. The theory assumes 
response competition represents a mo- 
lary blocking of the correct response by 
implicit or explicit intrusion of a pre- 
sly learned response. Thus, the effects 
competition should be transitory, and 
correct response should become available 
increased recall time. 
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Control (C) groups learned a test list of initial letter-cued adjectives. 
Experimental (E) groups learned two prior lists, then the test list. One 
C and one E group were tested under each of three recall conditions either 
15 min. or 48 hr. after learning. Analysis of the recall results focused on 
assessing the role of loss of response availability, loss of list differentiation, 
and response competition in producing proactive inhibition. The underlying 
source of interference im this experiment appeared to be loss of list differ- 
entiation. It is suggested that competition and loss of availability might 
be consequences of this loss, rather than reflecting independent interference 


The theory also assumes that the negative 
effects of response competition should in- 
crease in parallel with the course of spon- 
taneous recovery of the strength of unlearned 
associations. The effectiveness with which 
prior responses compete with test list re- 
sponses at the time of recall is assumed to 
depend on the difference in the strengths of 
competing associations, rather than on their 
absolute strength level. Thus, recovery need 
not be absolute, so long as any change in 
associative strength over time tends to reduce 
the strength differential between prior- and 
test-list associations. 

There is little direct experimental evidence 
on the role of momentary response competi- 
tion in the production of PI. Underwood 
(1950) reported the elimination of PI at a 
20-min, retention interval by increasing the 
anticipation interval, a result consistent with 
a response competition mechanism, But ex- 
perimental evidence on the temporal course 
of PI under paced recall conditions does not 
consistently support an increase in competi- 
tion interpretation. An increase in PI from 
30 min. to 1 wk. has been reported by Post- 
man (1962) for serial lists, and an increase 
in PI from 2 min. to 1 wk. has been reported 
by Houston (1967) for paired associates. 
However, Underwood (1949) found no in- 
crease from 20 to 75 min., and Postman, 
Stark, and Fraser (1968) found no reliable 
increase from 20 min. to 48 hr. 

It has long been assumed that under mul- 
tiple list conditions a loss of list differentia- 
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tion occurs with increases in the retention 
interval (Underwood, 1945, 1949), but it has 
not been clear what role loss of list differ- 
entiation plays in the production of PI, In 
.. a series of experiments, Underwood and 
= Ekstrand (1966, 1967) and Underwood and 
_ Freund (1968) reported that under condi- 
tions favorable to the retention of list differ- 
entiation, such as temporal separation of 
learning tasks or distributed practice of prior 
learning, PI was markedly reduced. How- 
ever, these conditions may also lead to a 
reduction in response competition during 
learning and at recall An unambiguous 
demonstration that a loss of list differentia- 
tion produces PI requires that this loss lead 
- to the false rejection of correct responses at 
the time of recall. But there is little evidence 
that loss of list differentiation Operates in 

- this way. 

It might be expected that neither response 
competition nor loss of list differentiation 
should lead to any loss in response recall 
under instructions to recall all responses 
learned to a given stimulus (modified modi- 
fied free-recall—MMFR—instructions) . Sev- 
eral investigators have reported PI under 
MMFR procedures (Ceraso & Henderson, 
1965, 1966; Houston, 1967; Koppenaal, 
1963). Thus, there is an apparent loss of 
. response availability as a function of prior 
learning. The theoretical interpretation of 
a loss of response availability as a function 
of prior learning is uncertain. 

The available evidence Suggests that, de- 
pending upon the conditions of prior learn- 
ing, and the length of the retention interval, 
PI may be a joint function of response com- 
- petition, loss of list differentiation, and loss 

of response availability. The present experi- 
ment attempted to Separate these three as- 
pects of retention loss and to assess their 


effects at both a short and long retention 
interval. 


METHOD 
Design 


An experimental (E) and a control (C) group 
were tested under three different recall conditions 
(paced, verbalize, MMFR) at either 15 min. or 
48 hr. after test-list learning, for a total of 12 
treatment groups. 


LINDA WARREN | 


The learning task for all groups v 
ter-cued recall A list of adjective 
with its first letter (e.g, A-angry 
for study, followed by a test triai 
letters alone were presented as cues 
was hoped that this task would re 
crepancy between the nominal and fu: 
lus which might be attributable to . 
ability, would discourage intralist intr 
learning and recall, and thus incre: 
tivity of the design to the specif 
processes of interest. 

Experimental groups learned three s 
of 16 letter-cued adjective pairs. 
mained the same on successive lists, hi. 
word beginning with a given lette: 
successive lists. Control groups le 
list of letter-cued adjective pairs. 

Recall of the test list (the third lis: 
and the only list for C groups) was : 
three different conditions : 

Paced. Each test-list letter wa 
for a 2-sec. paced recall interval, th 
again for an unpaced recall interva! 
sumed that a failure of recall durin 
terval which was followed by corre 
the unpaced interval would be consi: 
operation of a momentary respo! 
process. However, failures of - 
sisted during the unpaced interval + 
consistent with an interpretation oí 
to loss of list differentiation or unay 
test-list response. 

Verbalize. Each test-list letter wa 
an unpaced recall interval during whi 
aloud” while recalling the test-list : 
condition was included in the des 
Teasons. It has long been assumed 
trusions may not accurately reflect the 
sponse competition at recall because S's may recog- 
nize and reject incorrect alternatives. This implies 
that overt recall is mediated by an editing mecha- 
nism. If such editing were to become gressively 
less accurate as a function of prior learning or in 
creases in the retention interval, it might be ex 
pected that some available correct responses would 
not be given, either because the retrieval process 
was terminated too soon, due to the acceptance of 
an incorrect alternative, or because the correct re- 
sponse was not recognized as correct and was re 

jected. Thus it was expected, under instructions 
not to edit retrieval, that S’s initial response woul 
more likely be in error than under the other recall 
conditions and that there would be some evidence 
for explicit false rejections of correct response 4 
during the process of trying to recall the test-list | 
response. 5 

Modified modified free recall. Each test-list let- 
ter was presented for an unpaced recall inte 
during which S first tried to recall the test-list r 
sponse, then, in E groups, to recall prior-list M 
sponses. The test-list response was recalled fits! 
in an attempt to minimize any output interferencë 


1red under 


ented first 
nmediately 
t was as- 
paced in- 


onse, This 
ior several 
t overt in- 
evel of re- 


be associated with variations 
vas assumed that test-list re- 
not correctly identified would 
>s due to failure of list differ- 
ilure to recall a test-list re- 

reflect a loss of response 


efects which m 
in recall order. 
“sponses recalled 
^ reflect a retenti 
entiation, but t! 
sponse at all 


availability. 
- Materials 

Three lists : ' two-syllable adjectives were 
used equally oí s first, second, and third lists 


ul group and as the single list 
up. The words were selected 
mantic, acoustic, and formal 
n and between lists, except for 
of first letters in successive 


for each exper 
for each contr 
to have minir 
similarity boti 
the obvious o 
- lists. 


Procedure 
Learning. ts were learned by the study- 
test. procedur he lists were presented on a 
- memory drur c. rate on both study and 
lest trials. 7] tertrial interval was 2 sec. and 
the interlist ıl for E groups was 2 min. 
Learning of « ist was to a criterion of 15/16 
correct on a trial, For each list there were 
three random rs of letter-adjective pairs and 
three random rs of letters, used for successive 
study and te als. Each adjective order was 
- used equally « starting order in each group. 
- Prior to les g, Ss were instructed about the 
general proces» and the nature of the lists, but 
- Were not inst «| about the number of lists to be 
learned, or about the subsequent recall task, 
Retention. interval, At the end of learning, all 
[groups worked on a mathematical reasoning test 
| for 13 min. The 15-min, recall Ss then were read 
the instructio r one of the three recall condi- 
lions. The 48 ecall Ss were dismissed and told 


‘to return 2 days 
Session, 

Recall: Ati recall tests were administered on the 
‘emory drum. Under the paced recall condition, 
Ss were instructed to respond with the test-list 
Word as soon as the recall cue appeared, whenever 
Possible, However, they were told that when the 
letter appeared again, they could take as long as 
Necessary to reconsider or change their initial re- 
Sponse, 
cider the verbalize recall condition, Ss were in- 
t ucted to recall the test-list response, but to try 
S think out loud while recalling—in particular to 
Yerbalize any words or parts of words that came to 
ad prior to recalling the correct response. AL 
poen Ss did not recall under speed instructions, 
[pones recalled in the first 2 sec. of the recall 
tee were marked by E for later comparison 

the paced groups’ performance. 
"der the MMFR recall condition, Ss in the E 
S Were instructed about the order of recall: 

Ist first, followed by prior-list responses. The 

$ were allowed to change their initial response 


ater, at the same time, for another 
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if they decided it was incorrect. 

Under all recall conditions, the next lett 
was not exposed until $ had selected a re: 
or indicated that the correct response was no! 
callable. No changes in responses to previous: 
presented letters were allowed. Three differ 
random orders of the 16 letters were used equally 
often as recall test orders in each group. 


Subjects 


on: 


* 


The Ss were 216 University of California, Berke- x 


ley, students. Twelve blocks of Ss were psychology — 


students satisfying a course requirement, and six 


blocks of Ss were obtained through the student. 
placement center and were paid for their participa- 


tion. The Ss were assigned via a randomized block 


design to 1 of the 12 treatment groups. Fifteen S's 
were dropped from the experiment and immediately 
replaced due to (a) failure to reach criterion on 
the original list in 10 trials (3 Ss), (b) failure to 
return for the delayed recall session (6 Ss), and 
(c) E error (6 Ss). $ 


RESULTS 


Learning 


Mean trials to criterion for the first list 
(E groups) and the only list (C groups) 
varied 3.17-4.28 over the 12 groups. A 
dummy three-factor analysis of variance, with 
the factors corresponding to assigned treat- 
ment condition factors, revealed no significant 
differences (for all comparisons, p > .10). A 
two-factor analysis of trials to criterion on 
the second list revealed no differences be- 
tween E groups (Fs« 1). An additional 
analysis which included Lists 1 and 2 as a 
repeated measure was run to detect the pres- 
ence of any interactions. The only signifi- — 
cant source of variance was due to lists, with 
List 2 (X = 575) learned more slowly than 
List 1 (X = 3.46), F (1, 102) = 50.94, p < 
-01. 


The most important question with respect — 


to learning concerns the comparability of de- — 
gree of learning on the test list—the third list 
for E groups and the first and only list for C. 
groups. There was a substantial difference 
in mean trials to criterion for C and E 
groups on the test list (€ = 3.65 and 8.00 
trials, respectively). A three-factor analysis 
showed this difference to be a significant 
source of variance F (1, 204) = 39.56, p < 
.01, with no other reliable differences. There 
is always a problem in assessing degree of 
learning at a common criterion when groups 
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differ in speed of learning. When the differ- 
. ence is due to S or material variables, it is 
usually assumed that degree of learning 
might be underestimated in the faster groups. 
However, it is not clear that this is true 
when the difference in speed of learning is 
a result of transfer. It was assumed that dif- 
ferences in degree of learning should show 
up as a tendency to overshoot the 15/16 cri- 
terion on the final trial, but the differences 
between the number of overshooters in E and 
C groups was generally small, and the two 
_ largest differences (5 vs. 8 and 6 vs. 10) 
favored the experimental groups. Thus, for 
the purpose of assessing recall differences, it 
was assumed that the performance of C and 
E groups was comparable at the end of test- 
list learning. Whether or not degree of 
learning, as an intervening variable, can be 
- comparable for groups learning under differ- 
ent conditions of interference or facilitation 
- is, of course, part of the general theoretical 


a function of prior learning. 


- Recall 


The analysis of the recall results focuses 
on those aspects of recall performance which 
allow a relatively direct assessment of the 
possible role of loss of response availability, 
loss of list differentiation, and response com- 
petition in the production of PI. The avail- 
ability of test-list responses is assessed by 
comparing C and E groups’ total test-list 
recall, regardless of whether correctly identi- 
fied, under the MMFR recall condition, The 
effects of loss of list differentiation are as- 
sessed by comparing unpaced test-list recall, 
with identification explicitly or implicitly re- 
quired, under all three recall conditions. And 
the role of response competition is assessed 
> by comparing paced relative to unpaced re- 
call of correctly identified test-list responses 
under the paced and verbalize recall con- 
ditions. 

Total test-list recall (response availabil- 
ity). The mean number of test-list responses 
recalled by each group under the MMFR 
recall condition, regardless of whether cor- 
rectly identified, was as follows: at the 15- 
min. test, C, 14.33, and E, 15.22; at the 
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ie problem in interpreting recall performance as « 


48-hr. test, C, 10.11, and E, ' ^ 


factor analysis of variance sh only t 
main effect of retention inter: » be si 
nificant, F (1, 68) = 94.58, » 01. Thug 
there is little evidence that there ere differ- 
ences between E and C group: respon: 
availability. 

Unpaced test-list recall (list ferentia: 


lion). A measure of unpaced + 
was obtained under all three : 

In all cases the response scored 5 SS 
decision on each test-list resp: 
proceeding to the next stimulu. ter, 
the paced groups, this was the 

cided upon after the second exp 
stimulus letter. In the verb 
this was the response that 5 i 
correct and that ended the ver) 

in the MMFR groups, this was 
from a possible set of three r: 

indicated was the test-list r< se. 
mean numbers of correct re:j 
groups are presented in 7 
under all three recall method: 


\ "igher for 


C than E groups and declined r the re 
tention interval. A three-facto:  »alysis of 
variance showed both of these 1: effects to 
be significant, C vs. E, F (1, = 25,985 
p < 01, and retention interval, / . i, 204) = 
175.59, p < .01. In addition, on e unpaced 
test, the C vs. E x Retention 1::«rval inter- 
action was also significant, F .!. 204)= 
12.55, p < .01. No effects asscciated with 
recall method were reliable. Thus, PI under 
unpaced recall conditions (with implicit of 
explicit identification required) increased 


over time, ; 
The occurrence of prior-list intrusions M 
E groups on an unpaced recall test is €- 
pected under the assumption that differences 
in C and E groups’ recall are attributable © 
a loss in the ability to identify the list mem- 
bership of recalled responses. There was à 
substantial number of prior-list intrusions 1 
E groups on the unpaced tests. The mem 4 
number of intrusions across recall conditions 
on the 15-min. test was 2.13, and the mean 
proportion of intrusions to total emissioni 
was .14. On the 48-hr. test, the mean numi 
ber of intrusions was 5.35, and the mean pro 
portion of intrusions was .39. A two-facto™ 


TABLE 1 
UxNrACED | L: MEAN Test List RECALL 
(I ED AND IDENTIFIED) 
| in. recall 48-hr. recall 
Recall 
condition 
Ce Experimental | Control | Experimental 
Paced | 13 13.50 10.00 7.56 
Verbalize | 1 12.17 10.11 6.00 
MMFR |! 13.89 | 10.11 6.78 
Note. Identiti f recalled test list words was required 
under the verba ! modified modified free-recall (MMFR) 
recall procedut« 


isions as a proportion of total 


. analysis of 
ed a significant increase in 


emissions 
this propc over the retention interval, 
F (1, 10 84.36, p < .01. Again no 
effects ass ‘ed with recall method were 
significant 

There v number of false rejections of 
recalled te : responses in the MMFR E 
groups. e was a total of 24 test-list 
responses iributed by 14 Ss, recalled but 
not corre dentified at the 15-min. test. 
This nun nereased to 40, contributed by 
16 Ss, on 48-hr. test. Thus, the loss in 
list differe+' tion was at least in some cases 


i upon the unavailability of test- 
but resulted from a true con- 
fusion abou“ tist membership. 

A main :-ason for including the verbalize 
recall condition in the design was the hope 
that it might yield evidence for implicit false 
 tejections during recall which might not be 
given under conventional MMFR  proce- 
dures. Both overall level of recall and the 
number of false rejections were lower under 
this procedure than under MMFR (5 false 
rejections from 3 Ss at the 15-min. interval, 
25 from 12 Ss after 48 hr.). However, these 
false rejections reflect only those correct re- 
Sponses thought of prior to deciding om a 
response. 

Paced recall (response competition). The 
measure of paced recall under the paced re- 
call conditions was the number of correct 
test-list responses given during the initial 
2-sec. recall interval for each letter cue. In 
addition, the number of correct responses 
Siven in the first 2 sec. after letter-cue presen- 
tation was used as a measure of paced per- 
formance under the verbalize recall condi- 


not deperi 
list respoi 
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tions. Mean paced recall performance of | 
each group is presented in Table 2. Eton 
It was assumed that differences in C and 
E group performance on a paced recall test 
should reflect the combined effects of re- — 
sponse competition, loss of list differentiation, 
and loss of response availability. Differences 
between C and E groups at 15 min. and 48 
hr. were tested within an analysis of variance — 
in which recall method was treated as à — 
nested factor. Interactions with recall — 
method were not tested because verbalization | 
takes time, making dependent variable mea- — 
sures not strictly comparable under the two — 
recall procedures. The main effect of recall — 
method was not significant, F (1, 136) = — 
2.16, p > .10. Within each recall method, . 
the difference between C and E groups was | 
significant, paced, F (1, 136) — 1149, p< . 
.01, and verbalize, F (1, 136) = 40.89, p< — 
01, as was the difference due to retention — 
interval, paced, F (1, 136) = 42.88, p < 01, 
and verbalize, F (1, 136) = 25.08, p < 01. — 
However, the C-E Difference x Retention - 
Interval interaction did not reach signifi- 
cance; for each recall procedure, F (1, 136) EL 
= 1.52, p>.10. Thus, the retention loss . 
on the paced test, attributable to the effects | 
of prior learning, appeared to set in fairly 1 
rapidly and then to increase only slightly 
over a 2-day retention interval. This pat- . 
tern of results has been reported by Postman —' 
et al. (1968, Experiment V). 


TABLE 2 


Pacen RECALL: RECALL DURING INITIAL 
2 SECONDS or RECALL INTERVAL 


Recall condition. 
Measure Paced Verbalize 
15min, | 48-hr. | 15-min. | 48-ħr. 
onua 4 
n test-list 
ERAT 11.50 | 7.67 | 11.28 | 8.56 
Ex 
ean test-list 
eal 9.94 | 4.33 | 7.56 | 3.06 
Mean prior-list 
FEON 1.94 | 3.00 | 2.83 | 4.11 
Proportion jap 41 :25-| SE 
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.. Am interpretation of PI on paced tests 
-based on the competition of prior responses 
. assumes that the recall deficit in E groups 

. can be accounted for at least in part by the 
intrusion of prior-list responses at the time 
of recall. The mean number of prior-list 
intrusions in each E group is presented in 
Table 2. Under the verbalize recall condi- 
tion, an intrusion was scored if a prior-list, 
but not a test-list, response was spoken in the 
first 2 sec. of the recall interval. A nested 
analysis of variance on intrusions as a pro- 
portion of total emissions showed the effect 
of recall method to be significant, F (1, 68) 
= 6.64, p < .05, as well as the effect of the 
retention interval, paced, F (1, 68) = 13.21, 
P <.01, and verbalize, F (1, 68) — 21.85, 
?<.01. The relative increase in prior-list 
intrusions under the verbalize condition sug- 
gests that Ss, when not explicitly instructed 
o verbalize competitors, may be able to 
recognize and reject incorrect responses. It 
also possible that this editing produced the 
ight advantage in recall under the paced 


"under paced conditions reflects the operation 
of momentary specific response competition, 
given the general persistence of PI effects 
under unpaced test conditions, One way 
-Of assessing this is to look at the number of 
rrect responses given after the 2-sec. recall 


ences between paced and unpaced recall 
(which reflect average number of late re- 
sponses) again nested under recall method, 
revealed that the differences between the 
number of late responses in C and E groups 
were significant, paced, F (1, 136) = 640, 
$ < .05, and verbalize, F (1, 136) = 1777, 
£ < .01, and in the predicted direction. How- 
ever, this difference did not increase over the 
retention interval (for the interaction under 
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both recall methods, ps > 10) 
possible that the number of late 
a function of the absolute level 
analysis was also run on the nu: 


;ponses is 
recall, an^ 
r of late 


responses as a proportion of t| o 
responses on the unpaced recall : sts, The - 
differences between C and E "ups re- 
mained significant, but the inter: jon with 
retention interval still did no "ach sig- 
nificance. Thus, while the inc > in late - 
responses in the E groups is co: "nt with - 


the operation of specific respo: 


competi- 
tion, there is no evidence that | 


ffects of 


such competition produced a furti» increase | 
in the latency of correct response ond the 
I5-min. retention interval. 

An alternative interpretatio: the in- 
crease in late correct responses groups 
is that they resulted from th culty of © 
discriminating correct from inc: alterna- 
tives, a process which may tal This 
difficulty may have increased « ve 2-day 


retention interval such that accu iscrimi- 


nation among some sets of a ives be- 
came impossible, even with unli: ‘ed recall 
time. 
Discussion 
It is possible to question whether three dif- 
ferent mechanisms of interferen: -response 
competition, loss of list differentiation, and loss 


of response availability—are necessary to 
account for PI. It appears possible to account 
for the PI observed under the conditions of this 
experiment by assuming that the underlying 


source of interference is loss of list differentia- 
tion, and that competition and loss of availability 
may be consequences of this loss, rather than 
reflecting independent mechanisms of interfer- - 
ence. The work of Underwood and Freund 
(1968) and Underwood and Ekstrand (1966) 
showed that manipulations designed to improve i 
list differentiation, such as temporal separation 1 
of learning tasks or changes in procedure, Te 
sulted in a marked reduction in PI on pace 
tests, despite a high level of availability of the 
prior list responses. This suggests that list” 
differentiation may serve to restrict response 
activation to the appropriate set of responses 
as well as provide a basis for editing output 
If this is true, then loss of list differentiation 
may lead to difficulties in restricting ren 
activation. And it may be this difficulty whi a 


se competition, rather than 
tive strength. 


results in re 
changes in as 


— Role of Lisi erentiation during Learning 
and Recall 
When a ser: of lists is learned in the same 
experimental -..;text, selection of the currently 
appropriate s=: of responses is dependent upon 
cues which ‘inguish that repertoire from 


lhe level of list differentiation 
a function of the discrimina- 


previous on: 
is assumed : 


bility of th ues. To the extent that the 
currently s; d set of responses lacks dis- 
tinctive fea the most effective cue for 
- response sc n may be relative recency of 
occurrence 
It is poss ‘hat a decline of list differentia- 
tion over t: s a function of the extent to 
which diffe tion is based on recency infor- 
mation, T agnitude of PI may be a func- 


tion of boti 
control co: 

- bility of t! 
- Successive ` 
per se, wh 
but some c 
The discri: 
with successi 
the relativ 
events corn; 
perienced 
events whic} 


extent to which temporal cues 
responding and the discrimina- 
temporal cues associated with 
Presumably it is not time, 
comprises temporal information, 
late of the events which fill time. 
bility of recency cues associated 
lists may be a function of both 
"ifference in the time since the 
sing successive lists were ex- 
the homogeneity of the other 
fill that time. 
cted that when instructed to recall 
arned, Ss attempt to reestablish 
the criteria for response selection which were 
effective during learning. To the extent that 
these criteria are based on list-differentiating 
Cues that have become difficult to distinguish 
from cues associated with prior lists, the selec- 
tion criteria will be inefficient, both with respect 
to activation of the appropriate response set 
and with respect to knowing the appropriate- 
ness of the activated responses. The effect on 
the efficiency of selection criteria from initial 
losses of list differentiation may only be a 
_ Speed-acctiracy trade-off for correct responding. 
‘hat is, although competing response tenden- 
cies will be present, the accuracy with which 
list-differentiating cues associated with these 
tendencies can be discriminated will be a func- 
- Hon of the time available for discrimination. 
| "S, paced recall procedures should be most 
- Sensitive to initial losses of list differentiation. 
j Owever, with increases in the retention in- 
| terval, it would be expected that test-list and 
- Prior-list response repertoires become increas- 
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increasingly less discriminability to be gained . 
with increased recall time, The consequence 
of increases in the retention interval should b 
an increase in prior-list intrusions and false re- 
jections of test-list responses even with un- - 
limited recall time. E 

This explanation of PI is essentially. post hoc, . 
and perhaps not surprisingly accommodates 
these data reasonably well. Looking first at 
performance after the 15-min. retention inter- : 
val, there was substantial PI on the paced recall. - 
tests and PI was virtually eliminated with in- 3 
creased recall time, i.e., on the unpaced tests. 
This pattern of results is expected if it is 
assumed that with initial losses of list differ- 
entiation correct performance may take more 
time, both because in the face of competing re- 
sponse tendencies it may take longer to think 
of the correct response and because it may be 
more difficult to determine the appropriateness | 
of a thought-of response. i 

At the 48-hr. retention interval, there was an — 
increase in PI both on the paced test and for 
identified test-list responses on the unpaced 
tests, although only the increase on the unpaced 
tests was statistically significant; and there was — 
some evidence of a loss in total test-list recall 
in E groups. The pattern of results on the 
paced and unpaced tests is expected on the 
assumption that temporal cues associated with 
prior-list and test-list response repertoires be 
come increasingly indistinguishable over time, 
resulting in an increase in both prior-list in- 
trusions and false rejections of test-list re- 
sponses even with unlimited recall time. The 
losses in total test-list recall, which were small 
and unreliable, might also be mediated by this 
loss of list differentiation, because a result of - 
intrusions is increased output interference at 
the time of recall, 

No mention has been made in this discussion 
of the relation between prior-list recovery and 
PI. While prior-list recovery may be indica- Y 
tive of a decline in the dominance of test-list 
selection criteria, the ease with which these 
criteria can be reestablished and maintained at 
the time of recall is not assumed to be a direct 
function of the strength or availability of prior- 
list responses. The critical variable in reestab- 
lishing these criteria is assumed to be the dis- 
criminability of the list-differentiating cues 
associated with the test-list response set, and 
this discriminability may be only indirectly re- 
lated to prior-list availability. 


: 


While an analysis of. PI in terms of loss of 
list differentiation handles most of these data 
reasonably well, it may not be entirely adequate 
to account for all PI under different conditions 
of learning. This analysis places relatively 
little importance on the role of stimulus vari- 
- ables and specific associative connections. The 
learning task in this study was chosen in the 
hope that it would reduce the potential for 
differential encoding of stimuli and intralist 
associative errors. Martin (1971) has sug- 
gested that the variability of stimulus encoding 
might in some way be responsible for a loss of 
response accessibility as a function of prior 
learning, and work of Postman, Stark, and 
- Burns (in press) suggests that PI may also 
result from a deficit in associative learning. 
Thus, the strongest conclusion possible on the 
basis of this study may be that loss of list 
“differentiation can be a critical determinant of 
the temporal course of PI; and that competi- 
tion effects could result from a loss of list 
differentiation and need not be attributed to 
changes in associative strength, Whether or 
not some additional mechanism of PI is neces- 
‘sary to account for losses of response availabil- 
ity is not as yet clear. 
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ALLEL VERSUS SEQUENTIAL PROCESSING ; 
OF PICTURES AND WORDS' 


JOAN. GAY SNODGRASS? AND GEORGE ANTONE 
New York University 


| 5s in two separate groups were shown picture and word pairs presented 
« in a spatial or a temporal relationship. The recognition test consisted 
same pairs with half in a reversed and half in the same order. The Ss 
ted on a 4-point rating scale which pairs were reversed and which were 
same order. Spatial memory was superior to temporal memory, and 
e memory was superior to word memory, with no interaction between 
f relationship and type of material. Thus no evidence was obtained for 
o's hypothesis that verbal codes are specialized for sequential processing 
ictorial codes for parallel processing. 


generate dual codes, since a picture is con 


The pur of this experiment was to 

test a prop v Paivio (1971) that visual fused with its corresponding word more. 
memory im are specialized for parallel often than with another independent word | 
or spatial ; sing, whereas verbal mem- (Snodgrass, Wasser, Finkelstein, & Gold- . 
ory codes oecialized for sequential or berg, 1974). E 
temporal pi. sing. In tandem with this There are at least four competing theo- — 
hypothesis ‘vio has proposed a dual- ries to the dual coding one about how — 
coding proc = for memory of pictures and pictorial and verbal material is stored. - 
concrete v's, in which both visual and One which might be described as the — 
verbal coc re generated and stored for Whorfian hypothesis (Whorf, 1956) asserts . 
both pictur -+ and concrete words. Taken that all information is stored verbally (e.g. E 
together, t two hypotheses imply that Glanzer & Clark, 1963a, 1963b; Wyant, - 
- visual codes tor both pictures and words Banks, Berger, & Wright, 1972). Another © 
should be «iore effective for remember- asserts that all information is stored 1039 
ing spatia! vclationships, whereas verbal terms of visual images (e.g. Bugelski, — 
codes for both pictures and words should 1970). Still another holds that there are — 
visual and verbal ma: 3 


separate stores for l 
terial (e.g, Haber, 1970; Haber & Erdelyi, 


1967). The fourth and most recent asserts 


be more effective for remembering temporal 
relationships 


The dual-coding hypothesis has received 
most support from experiments compar- 
ing high-imagery and low-imagery words. 
High-imagery words are both recalled 
and recognized better than low-imagery 
words (Gorman, 1961; Paivio, 1969), and 
this result is taken as evidence that high- 
imagery words generate both visual and 
verbal codes, whereas low-imagery words 
generate only verbal codes. In addition, 


recent evidence indicates that pictures also 
TT 
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that all knowledge about the world is stored 
in the form of abstract propositions about 
properties of objects and relationship 
among objects (Anderson & Bower, 1973). 
Evidence for the hypothesis that pictorial | 
codes are specialized for parallel processing — 
and verbal codes for sequential processing - 
comes primarily from studies. done by - 
Paivio and his associates on the superiority . 
of verbal codes for sequential Docet em 
(Paivio & Csapo, 1969, 1971). They 
showed that decreasing stimulus presenta- - 
tion duration below the time required for 
verbal encoding of pictorial material ad- 
versely affected serial memory for familiar 
visual forms to a greater extent than for 
concrete and abstract words. Del Castillo 
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440 


and Gumenik (1972) found a similar effect 
for familiar forms but not for unfamiliar 
forms; however, when Ss were given an 
opportunity to develop verbal codes for 
the unfamiliar forms by having test trials 
ter every study trial, slower presentation 
- rates also facilitated memory for unfamiliar 
. forms. 
There is less evidence that pictorial 

- codes are specialized for parallel processing. 
However, results reported by O'Connor and 
Hermelin (1972) are suggestive in showing 
that children encode visual stimuli pri- 
“marily by where they appear spatially, 
whereas they encode auditory stimuli pri- 
marily by when they appear temporally. 
- In the present experiment, Ss were pre- 
sented with pairs of pictures and pairs of 
- words which were shown either in a spatial 
sequence (left to right) or a temporal se- 
quence. Their task was to remember 
either the spatial or the temporal order of 
the stimuli. The recognition test consisted 
- of the identical pairs in which half were in 
"the reversed order, and their task was to 
indicate which were reversed and which 
rere in the same order. Thus, they were 
t required to recognize whether the 
timuli had been presented before, but 
merely to remember the order in which 
the stimuli were presented. The rate at 
yhich the stimuli were presented was slow 
ough (4 sec/item) so that Ss would have 
sa ple time to encode them dually. 

-lf thedual-encoding hypothesis is correct, 
and if visual codes are superior for spatial 
. memory and verbal codes are superior for 
. temporal memory, we would expect that 
Ss would perform better on spatial memory 

for pictures than for words, but that they 
. would perform equally well (or perhaps 
only slightly better) on temporal memory 

for pictures and for words, 


; METHOD 

Subjects, A total of 40 Ss, all undergraduates at 
New York University, were divided into two groups. 
Twenty Ss served in one group which received the 
spatial task, and 20 served in the second group which 
received the temporal task. Half of the Ss in each 
group were female. 

Materials and procedure. Stimuli were 72 pictures 
and 72 words selected from a set of picture-word 
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cards published by the Garrard i 
previously in recognition studies (* 
1974). The pictures were simple |i: 
common objects, simple scenes, anim 
and the words were the names oí 
Thus, each concept was represente 
ture and as a word, in a pictu: 
stimuli were split into two 
pictures and 36 words, such th 
picture-word pair appeared in 
Thus, in any sequence of stimu 
ticular S, only one form of a con 
picture or its word form, was pres 
within each sequence of 72 stimuli, ; 
and pairs of words were formed in s 
avoid obvious associations betwee 
pair. The picture pairs in one sequ: 
were the same as the word pairs i: 
sequence, and vice versa. 

Half of the Ss in each of the tempora! a 
groups received one sequence of sti 
received the other. For the spatia! 
shown 36 stimulus pairs projecte: 
Carousel projectors onto a well of a: 
room. The pairs appeared next t 
and were exposed for 8 sec., after v 
pair appeared. For the temporal ts 
of the 36 pairs was shown in seque 
spatial position. Each stimulus w: 
sec., and pairs were separated by i 
(produced by introducing black slides ` 
the projector) for an additional 4 sec 
spatial pair appeared for a total of 
temporal pair for a total of 8 sec. 
blank for 4 sec. Picture pairs and 
alternated in the inspection sequence. 
and timing was accomplished by a spe: 
mer designed for the purpose 

After the inspection sequ 
worked individually on a paper-and-pencil 
metric puzzle for 5 min. ‘The puzzle consis 
several examples of an L-shaped figure which W 
be divided into four equal and interchang 
parts. This particular puzzle was sclected” 
general distractor task which was thought to 
fere equally with picture and word memory. 
test sequence consisted of the same 36 pairs 
different random order, subject to the condition: 
picture pairs alternate with word pairs, with hi 
the pairs reversed. Half of the picture pairs 
half of the word pairs were reversed in either 
temporal or spatial sequence. The S's task 
indicate on a 4-point scale how confident he was 
the pair was in the same or reversed order, fron 
positively in the same order—to 4— positively int 
reversed order. The exposure durations durin 
test sequences were identical to those during f 
inspection sequence. ` 

The Ss were run in groups of from three to E 
in an experimental room. | 


e of 36 pairs, 


PARA! 
TABLE 1 
Al (X AND 5i... FOR THE SPATIAL AND TEMPORAL 
TASKS FOR 'URES AND Worps (n = 20) 
Task 
Statistic 
Spatial Temporal 
Pictures 
938 .804 
.012 .037 
x .833 .635 
SEx .023 .068 
RESULTS 
In orde: provide an overall measure 
of perform: e, Rating Categories 1 and 2 
and Categ 3 and 4 were pooled so that 
a hit and c-alarm rate for each S$ for 
pictures ar. words separately could be ob- 
tained. [om these, the nonparametric 
measure A’ vas calculated. A’ is the aver- 
age area wer all possible receiver-oper- 
ating-char: :cristic curves passing through 
the single int defined by a pair of hit 
and false-!::m rates (Grier, 1971; Pollack, 
1970), anc has been shown to correlate 
well with other measures of recognition 
performance in similar types of recognition 
memory tasks (Snodgrass, Volvovitz, & 
Walfish, 1972). 
Table 1 presents the mean and the 
standard error of the mean for A’ values 


of pictures and words for the 20 Ss in each 
of the two tasks. It is apparent that mem- 
ory for spatial pairs is better than that for 
temporal pairs, and memory for picture 
pairs is better than memory for word pairs. 
In order to determine whether the type of 
Material (pictorial or verbal) interacted 
With the type of memory (spatial or tem- 
poral), the A’ values were converted into 
are sine scores, and a 2 X 2 analysis of 
Variance (with repeated measures on the 
factor of type of material) was performed 
on the transformed scores. Both main 
effects were significant: for type of task, 
F (1, 38) = 12.06, p < .005, and for type 
Of material, F (1, 38) = 23.08, P < .001 ; 
ut their interaction was not significant 
(F <1). Thus, the expected interaction 
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between task type and material was 
obtained. ix PAR 

Figure 1 presents the group mem 1 
operating-characteristic (MOC) curves € 
tained by cumulating the frequencies of - 
the four rating categories for same vs . 
reversed pairs, summed across all 20 Ss i m. 
each group. The MOC curves again illus- 
trate the superiority of spatial over te 
poral memory and of picture over wori 
memory. Although one must be cautious ^ 
in using the form of MOC curves to tes KA 
threshold against nonthreshold theories ol 
memory (e.g, Krantz, 1969), especiall 
when such curves are based on group rathe 
than individual data, we might point out 
that the curve for spatial pictures is curvi 
linear, as would be predicted by a signal 
detection model of recognition memory — 
(e.g., Murdock, 1965), whereas the curve — 
for temporal words is best described by 
straight line, as would be predicted by 
two-high-threshold theory of recognitio 
memory (Egan, 1958), in which there is 
high threshold for recognizing old stimuli. — 
as old and another high threshold for recog- 
nizing new stimuli as new. a 


DISCUSSION 


The hypothesis which stimulated this res 
search is based on Paivio's (1971) suggestion — 
that pictorial codes are specialized for parallel | 


b 


to 4 


Pr(SAME/SAME ORDER) 


Pr(SAME/REVERSED ORDER) 3 


FIGURE 1. Memory-operating-characteristic 3 
curves for spatial and temporal picture and word - 
pairs based on rating scale responses combined - 
across the 20 Ss in each group. j 


TABLE 2 


— Primary ENCODING DIMENSION, AND THE ASSUMED 
STRENGTHS OF THE MEMORY CODES, FOR 
Pa PICTURES AND WORDS IN SPATIAL AND 
‘TEMPORAL TASKS 


x— 
Task 
Stimuli 
Spatial Temporal 
Pictures Visual Verbal 
"ET: PAD 
=f Words Visual Verbal 
as. d F 


Note. Number of plus signs = relative assumed strengths of 
. the memory codes. 


3 processing, and hence for memory of spatial 
position, whereas verbal codes are specialized 
_ for sequential processing, and hence for mem- 
ory of temporal position. We expected to 
- find that pictures would be superior to words 
“in the spatial task, but that pictures and 
words would either be equivalent in the tem- 
poral task, or at least that the advantage of 
- pictures over words for temporal memory 
- would be less than the advantage of pictures 
“over words for spatial memory. Although, as 
. expected, pictures were superior to words in 
the spatial task, there was no interaction be- 
tween the type of task and the type of ma- 
erial: The difference between performance on 
ictures and words was the same regardless 
Í whether spatial or temporal memory was 
- being measured. 
_ Table 2 presents the primary encoding di- 
—mension, visual or verbal, which the Paivio 
1971) hypothesis predicts will be used for 
each type of material and each type of task. 
We have indicated by the number of pluses 
hat the relative strengths of each of the 
odes must be in order to account for the 
Present results. The visual code, primarily 
. used in spatial processing, must be stronger 
- for pictures than for words, since spatial pic- 
ures are remembered better than spatial 
words. This is eminently reasonable, since a 
number of studies indicate that simple recog- 
nition memory is better for pictures than for 
concrete words (e.g., Shepard, 1967; Snodgrass 
et al, 1974). We must also assume that the 
verbal code generated to a picture in the tem- 
poral task is stronger than the verbal code 
- generated to a word in the temporal task. 
This suggests that if the Paivio hypothesis is 
correct, 5s generated richer and more complex 
verbal codes to the pictures than simply their 
corresponding names. This assumption, how- 
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ever, is contrary to results repor* 
and Csapo (1969), who found ti: 
rate of presentation (.5 sec/item) 


oy Paivio 
ta slow ~ 
al recall 


performance, which is assumed e based 
entirely on verbal codes, was i tical for 
pictures and concrete words; w t a fast 
rate, concrete words were superi 'ictures, 
presumably because Ss did not ha time to 
verbally encode the pictures. 

In order to determine wh able- 2 
presents a reasonable picture oi tual en- 
coding strategies, we looked at ıl rela- 
tionships among performance mea First, 
we considered the relationship cen an 
S's performance on words and his p rmance 
on pictures. For Ss in the tempe: ask, in 
which both pictures and words : sumed 
to be encoded verbally, the correl« (Pear- 
son's r) between arc sine transforn the A’ 
values for picture memory and w vemory 
was +.50 (p < .025 for 20 Ss) cas for 
Ss in the spatial task, in which | 're as- 
sumed to be encoded visually + ,20, 
which is nonsignificant, Given sump- 
tions depicted in Table 2, this s that 
Ss are more consistent in gener: verbal 
codes to disparate material than i: erating 
visual codes to the same material, « ference 
which is not implausible, although now of 
no direct evidence supporting it. is sug- 
gests that there is no particula: ionship 
between S's ability to utilize visu. 'nforma- 
tion to remember pictures and his ility to 
form visual images to remember concrete 
words. 

Second, we looked at the relationship be- 
tween performance on a particular picture or 
word pair when it was presented temporally 
and when it was presented spatially. Table 


2 would suggest that there should be little 
relationship between performance on identical 
pairs presented in each of the two modes, since 
the coding dimension is assumed to be differ- 
ent. Indeed, the correlation between error 
frequencies on word pairs presented tempor 
ally and spatially is insignificant (r = + -16 
for the 36 pairs); however, the same correla- 
tion for picture pairs is significant beyond the 
.01 level (r = + .42). The result for words 
is consistent with the scheme outlined in Table 
2, whereas the result for pictures suggests that 
some visual aspects of the picture, in addition 
to their verbal codes, were retained in the 
temporal task. If both visual and verbal 
codes were utilized in remembering a picture 
pair's temporal order, this would account for 
the superiority of pictures in the tempor 3 


reed to assume that such 
more elaborate than the 
Such an assumption also 
onsistent with the finding 
in between Ss’ performance 
ords in the temporal task. 
sked at the correlation be- 
urs of concepts when pre- 
their picture form or their 
it is, a particular concept 
iair) was presented to half 
vatial task as a picture pair 
half as a word pair. The 
en error frequencies of iden- 
in both forms were insigni- 
nt for bo »e spatial and the temporal 
r= - for the spatial pairs and 
2:002 for t! »poral pairs). These results 
be the most damaging for 
{ specialized memory codes 
That is, if both pictures 
vcognized primarily on the 
des, and if the verbal codes 
between the two types of 
iid expect that similar types 
ch occurred among a pair of 
o occur among the verbal 
responding pair of pictures. 
lies with these stimuli, we 
al codes were confused with 
t ior picture-word pairs rated 
in “ambiguity” (Snodgrass et al., 1974). 
ough we did not specifically manipulate 
iguity in this study, and many of the 
uli were not of low ambiguity (ie. the 
ure did not produce a verbal label which 
ably matched that picture's correspond- 
fame), one would still expect some con- 
lution of low-ambiguity stimuli to a positive 
Frelation between the two forms of identical 
cept pairs. The lack of the correlation for 
S in the spatial task is not too surprising, 
e visual images of concrete words would be 
kely to resemble, in any detail, pictures 
sponding to these words: Hence, visual 
fusions among picture pairs may very well 
independent of visual confusions among 
Visual images of corresponding word pairs. 
ü summary, the results of this study have 
vided only partial support for the two 
heses considered—dual coding of pic- 
: and words and specialization of these 
Odes for temporal and spatial memory. The 
ent experiment has raised more questions 
lan it has answered, and these new questions 
V only be answered by further research. 
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vo hypotheses explaining visual hemifield reaction time (RT) differences were 
mined. The RTs to normally oriented and to mirror-image English words 
c compared in the right and left fields in order to decide whether cerebral 
ninance or scanning tendencies account for field superiority, Both types of 
rds yielded faster verbal and manual RTs in the right visual field. This find- 
A ell as a supplementary finding, of more accurate recognition for mirror- 
ive words in the right visual field, supports the cerebral dominance 


DISSOC 
pothesis. 

When || material, typically Latin 
letters, i: sented tachistoscopically to 
one visua id at a time, recognition is 
6-20 msec ster from the right field than 
from the field (Moscovitch & Catlin, 
1970; Ri. Jatti, Umiltà, & Berlucchi, 
1971). Ti. slight prolongation of reaction 
time to vc: a] stimuli presented to the left 
visual ficii was attributed to a time delay 
due to a necessary transcallosal transmis- 
sion of the verbal information from the 
right to the left hemisphere which is domi- 
nant for speech (Filbey & Gazzaniga, 1969; 
Moscovitei: & Catlin, 1970). 


The superior accuracy of the right visual 
field in recognition of verbal material was 
explained in terms of cerebral dominance 
(Bryden, 1965; Kimura, 1966), since the 
tight visual field is projected into the left 
hemisphere which is dominant for verbal 
Processing. However, findings of superior 
recognition from the left field when the 
verbal material is projected simultaneously 
to the two fields demanded a different 
explanation. 

An alternative explanation for visual 
field differences in accuracy of report was 
offered originally by Heron (1957). Heron 
Suggested that such differences might be 
attributed to scanning mechanisms associ- 
died with directional reading tendencies. 


za This work was supported by a special grant from 
s Israeli Ministry of Education. 
Requests for reprints should be mailed to Amiram 
eect who is now at the Department of Be- 
‘avioral Biology, Technion Medical School, Gut- 
Writh Building, Technion City, Haifa, Israel. 


ION OF HEMIFIELD REACTION TIME DIFFERENCE! 
ROM VERBAL STIMULUS DIRECTIONALITY ! 


According to the scanning hypothesis, 
two mechanisms are responsible for lateral- — 
ized preference in recognition. The natural — 
left to right scan (for Latin script) and the - 
scan for the leftmost element. In unilateral - 
presentation, these mechanisms are con- 
gruent in the right visual field but are at 
discord in the left visual field. In bilateral 
presentation, the same tendencies operate 
better in the left visual field (White, 1969) 

In support of Heron's (1957) hypothesi 
stand also other findings: Hebrew an 
Yiddish words, which are scanned in th 
opposite direction to English words, were 
identified better from the left field in un 
lateral tachistoscopic exposures (Mishkin - 
& Forgays, 1952; Orbach, 1953). : 

All previous experiments in which reac- — 
tion times to verbal materials were reported 
as being shorter in the right visual field 
employed digitsor English letters as stimuli. 
Since the same stimuli are recognized better — 
in the right visual field, the findings are in 
line with both the directional scanning and | 
the cerebral dominance hypotheses. Tom 
decide between the two assumptions, reac- - 
tion times should be measured for stimuli 
that are scanned in the opposite direction 
to digits and English letters and are thús 
perceived better in the left visual field. 
Carmon, Nachshon, Isseroff, and Kleiner 
(1972) obtained shorter reaction times for 
Hebrew letters in the right than in the left 
visual field. This finding suggests that in 
contrast to recognition of verbal stimuli, 
reaction times are not dependent on the 
directional scanning. However, the demon- 
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strated dissociation between the two depen- 
dent variables used in measuring visual 
field differences needs additional support, 
and should be generalized into other situa- 
tions in which the direction of scanning can 
be manipulated. 

In the present study, an attempt was 
made to clarify whether right visual field 
superiority, in terms of shorter latencies to 
verbal material, transcends the directional 
scanning tendencies associated with the 
stimuli. The study used an experimental 
paradigm in which a reversal in directional 
orientation of the stimuli was found to be 
associated with a reversal in the direction 
of visual field recognition superiority. Har- 
cum and Filion (1963), Harcum and Finkel 
(1963), and Harcum (1966) compared per- 
ception of normally oriented English words 
with that of mirror images of the same 
words. Their findings show that the mirror 
images were perceived better in the field 
opposite to which normally oriented words 
are more efficiently recognized. They con- 
sidered these findings as a strong support 
of the hypothesis that visual-field differ- 
ences are due to a scanning process which 
_ is determined by the directional orientation 
. of the stimuli. 

Two predictions are thus possible for 
omparison of reaction times to mirror- 
mage words and to normally oriented 
words: From the cerebral dominance hy- 
pothesis, one would predict shorter laten- 
ies in the right visual field independent of 
the orientation of the verbal stimuli; from 
the scanning tendencies hypothesis, on the 
other hand, one would predict reversal in 
reaction time differences associated with 

the reversal in the orientation of the stimuli. 


EXPERIMENT I 


Method. Two sets of English words were used as 
stimuli: normally oriented (NO) and mirror-image 
(MI) words. The two sets of stimuli were not 
identical, since preliminary testing showed that MI 
words were much more difficult to recognize than 
NO words. An attempt was made to select words 
in the two categories that would yield approxi- 
mately similar reaction times. Therefore, the NO 
words were chosen from the first 13,000 most fre- 
quent words in Thorndike's (1931) word list. The 
MI words were selected from the 1,000 most fre- 
quent words of the same list. Consonant-vowel-. 
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consonant monosyllable words which cc»: be read 
in one direction only were selected for t! t 

The two sets, each including 18 wor sere exe 
posed in two different sessions to the sar This 
procedure was indicated since a pilot iy had 
shown that Ss had tremendous difficultic report 
when both MI and NO words were shown lomly. 
Each word appeared twice in a block of 5. timuli, 
once in the right field and once in the * : field, 
Within each block, the 36 stimuli were « letely 
randomized. 

The stimuli were photographed on 35 slides, 
and were projected by a Kodak Car i ) slide: 
projector on a rearview screen equip: with a 
central fixation light. The horizonta! ot the 
stimuli on the screen as viewed by S wa The 
vertical height of the letters was 1.7°. | : words 
began 1.5? off fixation and extended to either 
to the right or to the left off the fixa! point. 
Exposure time was 100 msec, and was p led by 
a .5-sec. alerting light at the central fix: point, 
The Ss reacted by calling out the wor: t they 
saw. The vocal response terminated second 
count initiated by the exposure. T! ortrial 
interval was 4 sec. Each session, eit! h NO 
or with MI words, included eight bio `, 288 
exposures, 144 to each field. In case cogni- 
tion error, the word was projected he end 
of the block, thus ensuring the sam Í reac- 
tion times for each field and for each st s. 

The Ss were eight right-handed Amer cudents 
who had negligible knowledge of Hebr id were 
thus generally accustomed to reading left to 
right. Four Ss were exposed to NO v in the 
first session and to MI words in the sccc: session, 
The other four Ss were tested in the rev d order. 

fore the 


All Ss were given one block for practic: 
actual testing. 


Results. Median reaction s Were 
computed for each condition per cach S. 
The average medians for each condition 
are presented in Table 1. The results were 
evaluated by analysis of variance. The 
analysis disclosed two significant man 
effects: (a) Reaction times were faster for 
stimuli exposed in the right visual field 
than for stimuli exposed in the left visual 
field, F (1, 6) = 12.51, p < .025, and (D) 
reaction times to NO words were faster 
than reaction times to MI words, F (1, 9) 
= 8.97, p «.025. The two effects, © 
visual field and of word orientation, di 
not interact with each other. Neither was 
there a significant effect of the order o 
testing or of the interactions in which it 
was involved, In summary, the results 
show that right visual superiority in terms 
of shorter verbal reaction times was ob- 


ur 


TABLE 1 


D STANDARD DEVIATIONS) OF MEDIAN VERBAL REACTION TIME (IN MSEC.) 
TO NORMALLY ORIENTED AND TO MimRROR-IMAGE WORDS 


Mirror images of words 


Right visual field 


Left visual field | Right visual feld — 


412 553 516 
(31.6) (115.1) (98.7) 
302 391 343 
(25.5) (33.3) (28.7) 
306 388 339 
(49.6) (40.7) (45.8) 


relationships 
except one . 
Words were « 


re consistent for all Ss, 
se reaction times for MI 
lin both fields. 


_Suppleme results. Errors in recog- 
nition were : ded separately. Seven Ss 
made more s in the left visual field 
than in the it visual field in the NO 
condition, w one S§ made the same num- 
ber of errors |. oth fields in this condition. 
Six Ss made ore errors in the left field, 
while two Ss ade more errors in the right 
Visual field i: «xe MI condition. The mean 
Number of c;cors for NO words was 7.9 
and 4.10 in the left and right fields, respec- 
lively. For words, the respective errors 
means were 16.7 and 10.9. 


EXPERIMENT II 


E results of the first experiment demon- 
m p verbal stimuli are recognized 
i En the right visual field, regardless 
a $a orientation, Thus, it can be con- 
n St that reaction time superiority of the 
b. visual field is not influenced by scan- 
B o dencies. However, this phenome- 
ES not necessarily a clue to faster pro- 
ES of the verbal stimuli in the right 
D in „It has been shown that when 
E al stimuli are recognized verbally, 
Doer 10n times are faster for right-field ex- 
sd but when the recognition is by 
Do response, no field differences are 
i Tum (Filbey & Gazzaniga, 1969). It 
Sp MN therefore, that the two hemi- 
Mme 5 Process the verbal stimuli at the 
Speed but that verbal responses are 


peg 


MEANS 
Normally oriented words 
Response Le 
Left visual field 
Verbal (Expe: nt I) 452 
(47.9) 
Manual (Ex; eut II) 
Left hand 333 
3 (33.3) 
Right han 342 
(50.7) 
tained for b \O and MI words. These 


generated more quickly when the left hemi- 
sphere is stimulated directly. The second — 
experiment investigated this possibility by 
measuring the speed of manual responses 
to the verbal stimuli employed in Experi- 
ment I. If the right visual field superiority 
manifested in faster reaction times is 
due to verbal response, it could be ex- 
pected that manual reaction times would 
be similar for stimuli exposed in either the 
right or left visual field. 


Method. The stimuli and technique were the 
same as in Experiment I. The procedure involved | 
a go-no-go choice situation. The slides were ar- 
ranged in the same blocks of 36 stimuli, 18 to each | 
field. Within a given block, six pairs of words were 
chosen as targets. The E spelled out the targets, 
one at a time, in such a way that the target word 
never appeared on the following exposure, but only 
on the second, third, or fourth exposures after the 
word was called. In order to avoid guessing, the 
target word did not appear in several instances in 
any of the four positions. The Ss responded in half - 
of the blocks with the right hand and in the other 
half with the left hand. 

Altogether 72 reaction times for each field-hand 
combination were measured for each S in each — 
viewing condition, NO or MI. The Ss were eight 
right-handed American students. None had previ- 
ously participated in the first experiment. Four Ss 
received the MI condition prior to the NO condi- 
tion, while the other four Ss were tested in the $ 
reversed order. The order of use of hands for re- 
sponding was counterbalanced between blocks. 
Before the experiment, Ss were practiced for nine 
recognitions of target stimuli with each hand. 


Results. Median reaction times for each 
field, hand, and word orientation condition 
were computed separately for each S. The 
average medians are presented in Table 1, 
The data were subjected to analysis of 
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- variance which disclosed that right-visual- 
field reaction times were significantly faster 
than left-visual-field reaction times, F (1, 6) 
= 24.07, p < .01. Reaction times for NO 
words were faster than reaction times for 
MI words, F (1, 6) = 9.93, p « .025. 
There were no significant effects of order 
of testing or of the responding hand; 

neither was there any significant interac- 

tion of the main effects. In summary, a 

right-visual-field superiority in terms of 

faster manual reaction times was found for 
both stimulus presentation categories, and 
was maintained for both right- and left- 
hand responses. Inspection of individual 

Ss’ data showed that these relationships 

held in all cases. In this experiment, very 

few errors (false positive or false negative 
responses) were obtained. 


DISCUSSION 


The results of the two experiments show that 
reaction times to visually presented verbal 
stimuli are faster from the right visual field, 
- whether the stimuli are normally oriented 
English words or mirror images of English 
words. Furthermore, the phenomenon is not 
dependent on the type of response, verbal or 
manual, or in the latter case, on which hand 
is responding. 
The results therefore suggest that the right- 
visual-field superiority in reaction times tran- 
-scends scanning tendencies associated with 
reading habits. This conclusion is supported 
by a former study (Carmon et al., 1972) in 
hich Hebrew letters elicited shorter latencies 
-in the right visual field, as did English letters 
(Moscovitch & Catlin, 1970; Rizzolatti et al., 
1971). The results of the present study con- 
tradict earlier reports (Harcum, 1966; Harcum 
& Filion, 1963; Harcum & Finkel, 1963) that 
: Ss who demonstrated right-visual-field superi- 
ority in recognizing normally oriented words 
showed a slight tendency to left-visual-field 
superiority in recognizing mirror-image words. 
It might be argued that the visual reaction time 
differences do not obey the same laws as ac- 
curacy of recognition in the two fields. How- 
ever, in the present experiment the right-vi- 
sual-field superiority appeared also in accuracy 
of recognition. One possible explanation 
‘of the discrepancy is that Harcum's recall 
task (recognition of eight-letter words) was 
quite difficult, thus resulting in very few cor- 
rect identifications in the mirror-image condi- 
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tion. Failure to demonstrate right- ual-field 
superiority in 40 trials may have : due to 
unreliability of results. Most of letters 
correctly recognized in the stud: one by 
Harcum et al. were located withir of fixa- 
tion though the stimuli extended several 
degrees. Thus, recognition s of | rs that 
could have possibly appea: visual 
fields simultaneously, due to iges in 
fixation and saccadic eye moveme There- 
fore, any recognition difference he: words. 
presented to the right or left fixatio st have 
resulted from factors other than d: ince. 
Moscovitch and Catlin (1970) culated 
that the right-visual-field superiorii verbal 
reaction time tasks is due to the t needed 
for transcallosal transmission of y infor- 
mation appearing in the left vis ield to 
the left hemisphere. In that case ould be 
expected that in a manual respons adigm, 3 
the right-field-right-hand combi: would - 
yield substantially faster respons: ın the 
right-field-left-hand combinati ce them 
latter required callosal transmis: id that - 


slower 
ince the 
ı extra i 
ss the 
cond exe 
mirror- 3 
written 
ze words, 
red as 
as com- 


the left-field-left-hand path wc: 
than the left-field-right-hand p: 
former would theoretically requirs 
transmission of information bac! 
commissure. In the data of the 
periment, these relations hold onl) 
image stimuli but not for norm 
English words. Even for mirror-i: 
the differences that could be co: 
“transcallosal’’ are small (3-4 msec.) c 
pared with the substantial (48 msc.) differ- 
ences attributable to visual-field effects. Ber- 
lucchi, Heron, Hyman, Rizzolatti, and Umiltà 
(1971) reported that right-left reaction time 
differences were uniform for stimuli exposed | 
in several retinal locations spaced between 
1-30? off fixation. This finding also suggests 
that visual-field differences cannot be attrib- 
uted to callosal transmission of visual infor- 
mation, since only the vertical meridian of the 
retina (about 5° around the fovea) has trans- | 
callosal projections (Whitteridge, 1965). | 
Geffen, Bradshaw, and Wallace (1971) con- 
cluded from a series of experiments comparing” 
reaction time to facial and verbal stimuli 1n 
the two visual fields, that differences P x 
latencies could be accounted for by both | 
transcallosal transmission time and differenti E i 
processing times in the hemispheres, but not 
by each factor alone. The results of the 
present study stress the greater i 
weight of the hemispheric asymmetry effec 
in contributing to the visual-field differences 


 INTERHEM 


This effect c: 
recognition c 
hemisphere o: 
to generate : 
stimuli more « 
" Evidence gat 
‘the right he 
stimuli (Gaz 
response ten: 
hemispheric : 


verbal stimuli by the left 
ı tendency of this hemisphere 
iminatory responses to such 
ly than the right hemisphere. 
1 from split-brain cases that 
here can recognize verbal 
ga, 1970) favors the faster 
v as an explanation of the 
unetry. 
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INTRALIST CONTRAST EFFECTS IN CUED RECALi 


DONALD ROBBINS,? JAMES F. BRAY, AND JAMES R. IRVIN 


Emory 


Experiment I revealed that this intral 


that the effect is not the result of ou 


Ss to retain frequency information as 


Tulving and Hastie (1972) have recently 
found, in a single-trial free-recall task, that 
when a list of unrelated words contained 
some words that occurred once (1x items) 
and some that occurred twice (2x items), 
the recall of words that occurred only once 
was less than the recall of words in com- 
parable lists in which all words occurred 
4 - only once. They referred to the reduced 

recall of 1x items on a list containing both 
1x and 2x items as an intralist inhibition 
- effect of 1x items. Tulving and Hastie 
5 raised the question of whether the inhibi- 

— tion effect would occur when a retrieval 
cue is provided, as in a cued-recall or 
 paired-associate task. The research re- 
— ported here deals solely with a paired-asso- 
ciate study-test or cued-recall paradigm. 


ws EXPERIMENT I 
"s Method 


t Design. Each S was given one of five different 
|. types of lists. As shown in Table 1, one list was a 
— mixed list while the other four were homogeneous 

lists. The mixed list had 6 1x word pairs and 6 2x 
-word pairs, with at least 2 other pairs between 
repetitions of word pairs. It should be noted that 


«d 


— . en this mixed list there were 12 different word pairs 
or "types" presented (6 each of 1x and 2x items), 
3 and 18 word pairs or "tokens" presented (one each 


of 6 1x pairs and two each of the 6 2x pairs). Fol- 
lowing Tulving and Hastie (1972), there were two 
kinds of homogeneous 1x lists which contained 12 


1 This research was supported by a grant from the 
Emory University Graduate School of Arts and 
Sciences. 

? Requests for reprints should be sent to Donald 
Robbins, Department of Psychology, Emory Uni- 
versity, Atlanta, Georgia 30322. 


Four studies are reported investigating intralist inhibition effects in 
recall or paired-associate study-test procedure. The inhibition effect « 
when a list of unrelated words contains some words that occur once and 
words that occur twice; the recall of words that occurred only once 
than that from a comparable list in which all words occurred only onc: 


in free-recall studies, also occurs in a cued-recall task. Experiment IV rev: 


University 


ist inhibition effect, previously reported 
led 
tput interference, while Experiments lI 


and III revealed that a necessary condition to obtain inhibition is to require 


well as the item itself. 


or 18 different word pairs. These lis 
in Table 1 as homogeneous-12-pai- 
and homogeneous-18-pair-token con 


respec- 
tively, for the items presented on: There 
were also two lists containing 9 and items. 
These lists are denoted in Table 1 as cneousc 
9-pair-token control and homogeneous dr-type 
control, respectively, for the two pres ; items. 
On the 2x control lists, there wer: 2 other 
pairs between repetitions. All of the i itained 
buffer items, namely, 2 primacy ecency 
pairs. All of the buffer items wer a except 
for those used in the 2x control lists. se lists, 
the buffer items were also repetition i the first 
presentation for each of 2 pairs re ted the 
primacy buffer and the repetition of «a ir repre- 
sented the recency buffer. In additi half of 
the Ss the buffer items were tested first, ^ :d ic b 
last. 


remaining Ss the buffer items were te 


o 


should suffice to indicate that thi ation may 
be considered an initial attempt to ‘te output 
interference effects which are more appropriately : 
investigated in Experiment IV. All of the other 
items in each list were presented in a random order 
on the test trials. 

Subjects. Fifty Ss from the Emory 
introductory psychology S pool partially 1 
course requirement by participating in a 45-50-min. 
session. There were two groups of 25 Ss each, with 
one group tested on buffer items first, and the other 
group tested on buffer items last. 

Procedure. The Ss were tested in small group? 
of up to 5 people. These small groups were assigne 
to groups according to an ABBA or BAAB counter- 
balancing procedure until one group had 25 Ss. The 
Ss were given standard cued-recall or paired-associ- 
ate study-test instructions. They were told to 
study each pair of words and that after the presenta- 
tion of the list, they would be shown the stimulus 
term and were required to record the response D 
for that pair on the answer sheet provided each B 
In addition, they were told that if the pair Hx 
occurred twice on the list to record the respons 
twice. The words had a Thorndike and Lorge : 
(1944) frequency count of at least 10 and well 


University 
fulfilled @ 
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ith the restriction that obvious 
t used. Each S received two 
wed by five experimental lists. 
: every 4 or 5 Ss, the condition 
ir was assigned to were changed 
r of the lists. As a result, all of 
| approximately an equal number 
pe of list. In addition, the order 
on of the lists conformed to a 
re so that each type of list oc- 
tely the same number of times 
fappearance. The presentations 
were at a 5-sec, rate. A 30-sec. 
ied between successive lists. 


randomly pa 
- associates w 
practice list: 
For approxi: 
and list that 
as well as th: 
the pairs ap; 
of times in e: 
of the pres 
5X5 Latin 
curred appr 
in the five or: 
of pairs and 
rest period i: 


Results an cussion 


Table 1 "vs the mean proportion of 
correct rec ior the various lists. It can 
be seen th. he recall of 1x items from a 
list also « ining 2x items (mixed list) 
was impai clative to the lists contain- 
ing only 1) ns (homogeneous lists) with 

- the same | number of tokens (token 
control) o; same total number of items 
(type con to recall. An analysis of 
Variance performed comparing the 
proportion correct recalls of 1x items 

- from the =od list and the 1x type and 
token cont:.; lists. This analysis revealed 
that the mixed list was significantly differ- 
ent from Loth the token control list,’ F 
(1, 48) = 51.32, p < .001, and the type 
control list, Æ (1, 48) = 77.21, p < .001. 


- In addition, the two control lists did not 
differ from one another (F < 1). Further, 
the effect of the buffer items being tested 
first or last was not statistically significant 
(F « 1), nor was the interaction between 
| this variable and list type for 1x items 
UU 1). Thus, we replicated the Tulving 
and Hastie (1972) intralist inhibition effect 
Of 1x items in a cued-recall task. 

„Table 1 also shows that the recall of 2x 


E Should be noted that the input and output 
[ v for the 1x items from the mixed lists were 
| tenet to six of the pairs from the 18-pair 1x control 
© input (token control). This was done to control 
, an serial position and output test position. The 
Benne Proportion correctly recalled for these yoked 
Bid Was .21 and .42 for the 1x items from the 
and 1x-token control lists, respectively. 
| Sentai results of the yoked comparison were 
overall ly the same as those obtained from the 
the st ee Since this was the case for all of 
* E ies, we will not report the results of the 
analyses in the other studies. 


INTRALIST CONTRAST EFFECTS IN CUED RECALL 


TABLE 1 


MEAN Proportion CORRECTLY RECALLED FOR | 
THE Various Lists; EXPERIMENT I j 


Buffer items tested 


No. of presentations and list type 
First 
One i 
Mixed .200 | .233 | 217 
Homogeneous-18 pairs 
(token control) .339 | .408 | .375 
Homogeneous-12 pairs 
(type control) .340 | .380 | .360 
Two 
Mixed 544 | .575 | .559 
Homogeneous-9 pairs 
(token control) 584 | .589 | .586 
Homogeneous-12 pairs 
(type control) .631 | .655 | .643 


items from the mixed list was approxi- 
mately 3% less than that from the 2x-token 
control list (9 pairs), and approximately 
8% less than that from the 2x-type contro! 
list (12 pairs). Analyses of variance were 
performed comparing the proportion re- 
called of 2x items on the mixed and the 
2x-type and 2x-token control lists. "These 
analyses revealed a significant difference 
between the 2x-mixed-list items and the 
2x-type control list (12 homogeneous pairs), 
F (1, 48) = 6.51, p < .05. However, the 
2x-mixed-list items and the 2x-token con- 
trol list (9 homogeneous pairs) were not 
significantly different, nor did the controls 
differ from one another (Fs < 1). In addi- 
tion, in all of the analyses, the order of 
testing and the interaction of this variable 
with the type of list were not significant 
(Fs < 1). Thus, an intralist inhibition 
effect was found on 1x items while 2x items 
appeared to be inhibited relative to a type 
control list. It is unclear why the recall 
from the 12-pair 2x control list was 5% 
greater than that from the 9-pair 2x con- 
trol list, although this difference was not 
statistically significant. This difference 
may be spurious and may have yielded th« 
significant difference (8%) between the 12. 
pair 2x list and the 2x mixed list. In addi 
tion, there was little difference (2%) be 
tween the 1x-type and 1x-token controls 
As a result, in subsequent studies w 
equated the mixed and homogeneous list 
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TABLE 2 
MEAN PROPORTION CORRECTLY RECALLED FOR THE VARIOUS LISTS 
Experiment II: No, of presentations Experiment III: Test E. 
for item type tested first. requirements p oe 
No. of presentations | 1e 
list type 
n d 
One Two M a frequency One 
One 
Mixed .322 300 311 303 219 285 
Homogeneous — — .326 311 — 388 
Two 
Mixed 614 .681 .648 -670 573 570 
Homogeneous — — .641 .636 604 | - 


list length (token control), thereby 
minating the type control lists. The 
ise of a token control permitted us to yoke 
the input and output order for 1x items 
from the mixed list to 6 of the pairs from 


EXPERIMENT II 


i Tulving and Hastie (1972) interpreted 
(the impairment of recall of 1x words in 
—mixed lists as intralist inhibition of "weak" 
ems by "strong" items. They suggested 
number of possible explanation for the 
One explanation was in terms of 
tput interference, i.e., recall of an item 
renders it stronger to the detriment of 
emaining list items. As a result, since 
items that are presented twice will be 
stronger than items presented only once, 
€ 2x items should be output first, thus 
eading to detrimental effects on the recall 
f ix items. Since no such initial strength 
differences should exist for homogeneous 
1x lists (ignoring primacy and recency 
tems) the overall level of recall, in con- 
trast to 1x items in the mixed list, should 
- be higher. In Experiment II, the output 
order of the cue word for the mixed lists 
was manipulated to evaluate the output 
-interference explanation of intralist inhibi- 
tion. Specifically, for half of these lists, 
the 1x items were tested first followed by 
tests of the 2x words. For the remaining 
half of these lists, the 2x words were tested 
first. If the output order is critical, the 
inhibition of 1x items should not occur 


when they are tested first but 
2x items are tested first. 


Method 


Subjects. Thirty Ss were obt: 
Emory University introductory ps; 
None had participated in any othe: 

Procedure, The control lists wer 
trols. For 1x items the control list h 
pairs, and for 2x items, the control 
ferent pairs and therefore 18 tokens 
given two homogeneous lists that « 
pairs and two homogeneous lists that c 
2x pairs. All of the lists had bufer i 
Experiment I. For two of the mixed lists, tl 
items were tested first and then the 
tested. For the other two mixed lis: 
were tested first. On all lists, the bi 
tested after the experimental items v 

The Ss were tested in small group 
The presentation order of the lists v 
by two replications of a 4 X 4 Latir 
2:1:1 ratio for the mixed list, 1x, and 2x COI 
respectively, In all other respects, 
periment II was identical to that 
On recall tests, Ss were not required to reca? 
quency information but were only required 
the correct response. 


Each 
ained 


Results and Discussion 


Table 2 shows the mean propo) 
correct recalls for the various lis 
evidence of intralist inhibition of 1x 
can be seen, nor was any effect foun 
sulting from the output order. T 
clusions were confirmed by analys 
ance: for output order, F (1, 29) 
p > .05, and for list type, F € 1. 
Experiment I, no intralist effect wi 
on the 2x items when the mixed. 


oken control list (Fs < 1). 
ind an intralist inhibition 
vere required to recall the 
r of a word pair, but not 
uggests that the require- 
the frequency of occurrence 
ord may be a critical factor 
e inhibition effect. 


- compared to 
The failure 
effect when 
response me: 
its frequenc 
- ment to rec 
- as well as t! 
in obtaining 


PERIMENT III 


In contr: o Experiment I, no inhibi- 
tion of 1x 5 was found in Experiment 
I. In Ex nent I, Ss were told, prior 
to input, t! hey had to recall 2x items 
two times ı tested, and in Experiment 
IIl, Ss were d, again prior to input, that 
they had + all all items only one time. 
Thus, it i clear if storage differences 
account fi e difference in results be- 

tween Exp. vents I and II, since the out- 
| put (test) © ..tructions were given prior to 
Storage of i»{ormation (input). In Experi- 
ment II, Ss were told, prior to input, that 
when test they would be required for 
some lists :^ recall frequency information 
às well as ‘he item itself, while for other 
lists they would have to recall only the 
item. We assumed that this operation 
would result in S storing frequency infor- 
mation, or at the least, storing the same 


Pee mation for all list types since the dif- 
erential test information was not given 
until after the list was presented. 


Method 


abjecte. Twenty-five Ss were obtained from the 
gray University introductory psychology S pool 
o had not participated in any of the other studies 
Teported here. 
lis cedure. Each S was given one homogeneous 
Rincon ining 18 1x pairs, two homogeneous lists 
aan oming 9 2x pairs, and four mixed lists with 6 Ix 
Spach, x pairs. All of the lists had buffer items and 
pacing of repetitions as ín Experiment I, For half 
at i mixed and homogeneous 2x lists, 5s were told 
in n time of test to recall frequency and item 
to r mation, and for the remaining half of the lists, 
Es the item only. When Ss were required to 
do thi Tequency information they were required to 
Tecate by denoting a “1” or “2” next to the response 
lists i for ix and 2x items, respectively. On all 
item, uffer items were tested after the experimental 
Menta cre tested. The stimulus terms for experi- 
ental items were presented in a random order on 


INTRALIST CONTRAST EFFECTS IN CUED RECALL 


Experiment I was followed here. The Ss were 
in small groups with each group given the li: 
a different order. A quasi-random order was 
so that each list type occurred in each order 
approximately a 4:2:1 ratio for the mixed, 2x con: 

trol, and 1x control lists, respectively. EN 


test trials. The procedure and methodology o. 


Results and. Discussion 


Table 2 shows the mean proportion of | 
correct recalls for the various lists. Intra- 
list inhibition of 1x items was found only? 
when Ss were required to recall frequency 
as well as the item itself. An analysis of 
variance revealed a significant difference be- - 
tween the recall of 1x items from the mixed 
lists when item and frequency recall were re- 
quired in contrast to when only item recall 
was required, F (1, 24) = 10.77, p < .05. 
No difference was found between the recall - 
of 1x items from the control lists and the - 
1x items from the mixed lists when only - 
response recall was required (F < 1). For 
2x items, no difference in recall between 
the mixed and homogeneous lists was found 
when item recall was required (F < 1), oi 
when item and frequency were required - 
(F <1). However, recalling frequency in- 
formation as well as the item for 2x items 
from the mixed list appeared to impair - 
performance relative to that from the mixed | 
list when only item recall was required, Æ - 
(1, 24) = 5.25, p < .05. d 

These data indicate that intralist inhibi- 
tion of 1x items depends critically on Ss _ 
being required to recall frequency informa- — 
tion. Since the different output instruc- 
tions were not given until the time of - 
testing, it is unlikely that the inhibition — 
effect is the result of storage differences. — 
In Experiment II, output order was not 
found to be an effective variable. However, - 
no inhibition of 1x items was found either, - 
In Experiment IV, the output interference 
explanation was evaluated under condi- 
tions known to lead to intralist inhibition 
effect, namely, requiring Ss to recall fre- 
quency information as well as the item. 


EXPERIMENT IV 
Method 
Subjects. Forty Ss from the introductory psy- 


chology .$ pool were obtained who had not partici- 
pated in any of the other studies reported here. 


Procedure. The Ss were informed, prior to input, 
to recall the item and its frequency. One group of 
- 20 Ss was given 10 mixed lists with 6 1x and 6 2x 
items on each list. For half of these lists, the 1x 
items were tested first and then the 2x items were 
tested. For the other half of the lists, the 2x items 
were tested first. A second group of Ss (n = 10) 
was given 6 homogeneous lists with 18 different 1x 
pairs and a third group of 10 Ss was given 6 different 
homogeneous lists with 9 2x pairs on each. For all 
lists, the buffer items and their test were as in 
Experiment III. 
|] The Ss were tested in small groups of up to five. 
- The small groups were randomly assigned to the 
three list conditions with the provision that ap- 
proximately a 2:1:1 ratio of Ss was maintained 
during the course of the study for the mixed, 1x 
control, and 2x control list conditions, respectively. 
- In all other respects, the procedure was the same as 
- in Experiment I. 


Results 


The mean proportion of correct recalls 
for the various lists is shown in Table 2. 
An intralist inhibition effect was found only 
for the 1x items and no output order 
effects were found for either 1x or 2x items. 
The former observation was confirmed by 
an analysis of variance that revealed that 
the recall of the 10 Ss given the 1x control 
ist was significantly greater than that for 
the 1x items from the mixed list, F (1, 28) 

= 4.28, p < .05. Furthermore, a within- 
Ss analysis of variance comparing the recall 
of the 20 Ss in the mixed list condition 
when 1x in contrast to 2x items were tested 
first failed to reveal a statistically reliable 
difference (F <1). In addition, there was 
-. no difference due to output order in recall 
formance between the 2x items on the 
ixed list (F « 1), nor was it different 
from Ss in the 2x-controllist condition 
(F « 1). 


GENERAL Discussion 


The results of the four studies reported here 
indicate that the Tulving and Hastie (1972) 
intralist inhibition of 1x items occurs when a 
retrieval cue, as in a cued-recall or paired- 
associate task, is provided. Further, these 
studies isolated a critical boundary condition: 
The Ss must be required to retain frequency 
information as well as the item itself in order 
to obtain the effect. If Ss are only required to 
recall the appropriate response, the inhibition 
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he results — 


effect is not found. In additi: 

revealed that the inhibition of ‘tems was — 
not the result of output interfere Further, 
the results of Experiment III rc ‘ed that it 
was not the result of storage di ces, since 
when the information at inpu constant 
and the test requirements diffe: e inhibi- 
tion effect occurred only if 5 juired to 
give a frequency judgment a recall a A 


response. 

A comparable intralist inhi 
2x items was not found. How 
of Experiment III revealed tha: 
quency information in addition t 
item itself led to a reduction in + 
2x items. 

It is unclear why the recall of {1 
formation should lead to inhibitio: 
or to reduced recall of 2x items 
bility is that the requirement t 


flect of 
e results 
ving fre- 
iling the 
recall of 


'ency in- 
ix items 
e possi- 
;eve fre- $ 


quency information may reduc: ''proces- 
sing time" available for the it elf, thus 
leading to the reduced recall oi ms. In 
addition, the inhibition of 1x i ind the 
reduced recall of 2x items appi e opera- 
tive on the list level when a mix i is used 
and frequency information is req Thus, 
a process on the list level may erating. 
We wish to pursue the implicat hese ob- 
servations have for the study oi irion and 
distribution effects. It is a fai: II-estab- 
lished phenomenon that increa ie “spac- 
ing" or “lag? between repetitic.« leads to 
increased recall for relatively ! retention 
intervals in free-recall and cued xr paired- 
associate tasks (see Melton, 1970, čer a review). 
These lists are all mixed lists. T es postu- 
lated to account for repetition and ʻistribution 

he level of 


effects all emphasize processes or: 
a particular cue or pair (see Bjork, 1970, for a 
review). In addition to cue-specific effects, 
we would have to consider effects on the level 
ofalist. This suggestion is similar in spirit to 
Postman and Stark's (1969) position with 
regard to the study of retroactive interference 
They suggested that, in addition to cue-specific 
effects, a mechanism operating on the list level 
may be largely responsible for findings of retro- | 
active interference. 

In any event, these data indicate that the 
retrieval of frequency information in a cue® 
recall task may come at a “cost.” In particle 
lar, unlike a free-recall task (Madigan, 1969), 
retrieving frequency information in a CUC - 
recall task may reduce the probability of sub- 
sequent retrieval of associative information: ' 
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ERRATUM 


Procedure. Each S was tested individually in a small private room in the 

^ool building. The S was seated beside E who presented the pairs in the 
^t by turning the pages in the appropriate notebook. Each pair was shown 

1, 3 sec. (timed by a stopwatch), and then the same pair was immediately 
shown again for 3 sec. with the correct member indicated by an asterisk placed à 
below it. Each S received one study trial, during which he did not respond, 
followed by two anticipation trials. The intertrial interval was 5 sec. Con- 
ventional verbal discrimination instructions for the anticipation procedure were 


given. 


1 
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-EFFECTS OF STIMULUS COMPLEXITY ON 
THE PERCEPTION OF BRIEF 
TEMPORAL INTERVALS? 


H. R. SCHIFFMAN? AND DOUGLAS J. BOBKO 
Rutgers—The State University 


The influence of stimulus complexity on the perception of brief time ini 
vals was investigated. The stimuli were six brief time intervals, rangi: 
in duration from 3 to 23 sec. Each stimulus interval was presented by 
display panel of lights whose pattern of lighting varied along three leveis 
of complexity: low, intermediate, and high. The results indicate that for 
all intervals the level of complexity as defined by the lighting patter 
directly and positively affected time estimations. The greater the level of 
stimulus complexity occurring within a given time interval, the longer the 


estimation of the time interval. 


Two rather different levels of theorizing 
exist with regard to explaining the mecha- 
isms underlying the perception of time. 

One assumes the existence of an internal 

lock, a biological chronometer producing a 
eriodicity directly related to the passage of 
real or clock time. Various proposals as to 
the origin and site of an internal clock have 

— been proposed: chemical changes within the 
brain, general metabolic processes (e.g., body 
emperature and heart rate variation), and 

€ alpha rhythm (eg, Hoagland, 1933; 

. Holubar, 1969; Pfaff, 1968) ; however, find- 

“ings bearing on this theory are inconclusive 
. and the notion of an internal clock has not 
met wide acceptance. 

A second approach to time perception as- 
rts that the character of the stimulus events 

spiring and perceived within a given pas- 
age of time is the major determinant of its 
experienced duration. That is to say, time 
experience is a mental construction, result- 
ing directly from the perception of certain of 
the physical characteristics of the stimuli 
defining a given duration. One such feature 
that has been suggested to influence time per- 


1 This research was supported by funds from the 
Research Council of Rutgers—The State Univer- 
sity, Grant 07-2109, and from a Biomedical Science 
Support grant from the U.S. Public Health Service. 
Appreciation is due James Kidney for construction 
and maintenance of the apparatus. 
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The State University of New Jersey, New Bruns- 
wick, New Jersey 08903. 


ception is the complexity of the stiz =i occur- 
ring within a given interval of | (Orn- 
stein, 1969; Yeager, 1969). F: r, asa 
variable having a direct influe: imulus 
complexity has been the sub le em- 
pirical investigation. Accordin : pres- 
ent experiment was designed to ;'sess its 
effects on time perception. Tt w ypothe- 
sized that stimulus complexity as ^cscribed 
herein would have a direct and po ‘ive effect 
on time perception. That is, the seater the 
degree of complexity of stimuli within an 
interval of time, the longer th’ interval 
would be perceived. 
METHOD 
Subjects. The Ss were 63 volunte (27 female, 
chology. 


36 male) from an introductory course 
All Ss were naive with regard to 
the experiment, Hes 
Stimuli and apparatus. The experimental stimuli 
consisted of three light displays, each display con- 
sisting of two rows of four lights. The lights were 
spaced 5 cm. apart and were mounted on a pane 
51 cm, high by 25 cm. wide, The duration of the 
lighting of each display was controlled by an inter- 
val timer in circuit with each panel display. The 
lighting circuit of each display panel was wired so 
as to activate the lights in a different manner, 
presumably varying the stimulus complexity of each 
panel. A low-complexity display panel was wire! 
so that all lights had the same onset and remaine 
continually lit until a specified interval had ended. 
An intermediate-complexity display panel was wired - 
to a rotating cam of relays so that all lights flashe 
on and off simultaneously and at a constant a 
(2 flashes/sec) for the duration of a given ine 
This display produced a regular and predicta C. 
lighting pattern. A high-complexity display pane - 


purpose of 
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ST 


om a wiring circuit that enabled 
flash on and off in a random 


was. constructe 
the eight ligt 


sequence. Ea sht was on for about .5 sec., but 
the onset and ination of each was slightly dií- 
ferent. Gene several lights were on at the 


same time, h zr there was no repeated pattern 
or regularity ump flashings (see Schiffman & 
Hamilton, 197 r a description of the circuit). 
Room light was controlled by a rheostat and 
was about 3 n*. Although all recording and 
control. equi; were in a room adjacent to the 
lesting room »w-level white noise setting was 


used to mask xtraneous noise. 

The resp time estimations—were made by 
a method of luction (see Hornstein & Rotter, 
1909). A n vitch, connected to a digital stop 
clock, was n. ted beside S on a small table. De- 
pression of itch started the clock and release 
of the switc ved the clock. The Ss were in- 
structed in the switch to produce their re- 
sponses. 


Two inst 1 lights were used. The onset of 
an amber liçi served as a “ready” signal; it indi- 
cated that 'ghting display was about to be 
activated. ine light was a "respond" signal. 
It signaled espond by depressing the response 
Switch, 


Procedur 
at eye levei 
removed pr 
following i: 


ach $ was seated 2 m. from and 
the display. Wristwatches were 

to the experimental session. The 

tions were then read to S; 


You are about 
involving : 
à panel o 
val of time 
this switc! 
the durati 


to participate in an experiment 
perception. In front of you is 
ghts which will go on for an inter- 
You will be instructed to depress 
(E pointed to switch) to reproduce 
K ı of the interval. Beneath the panel 
of lights are two signal lights; the amber light 
on the left signals that the panel is about to 
come on, and the blue light on the right sig- 
nals that you are to respond by depressing the 
Switch, Please do not count or tap during the 
experiment. Do you have any questions? 


Two practice intervals, 5 and 13 sec., were pre- 
sented to each S prior to the experiment. 

Design. There were three independent groups 
Of 21 Ss each. The Ss were assigned randomly to 
One of three levels of stimulus complexity: low, 
intermediate, and high. A second variable was 
Stimulus duration ; within each level of stimulus 
Complexity Ss were presented, in a random se- 
ence, with intervals of time demarcated by the 
Onset and termination of the appropriate lighting 
display. The intervals used were 3, 7, 11, 15, 19, 
and 23 sec. In the course of the experimental 
Session each Ș was presented with each interval 

Tee times; that is, each S made three responses 
Per duration interval for a total of 18 experimental 
responses, 


ere ee ERT Oe EM M. 


t 


LUS COMPLEXITY AND PERCEPTION OF BRIEF INTERVALS . 


1.50 High 


MEAN RATIOS 


7 n 15 


TIME INTERVALS. 


Figure 1. Mean ratios by duration interval f. 
three levels of stimulus complexity. (The ordinate 
represents the ratio of the estimated duration of the | 
interval to the actual duration.) 


RESULTS AND DISCUSSION 


In order to directly compare the accuracy - 
of estimations of different duration intervals, — 
ratio transformations were performed on 
each estimation by every S; the data were 
converted into ratios of estimations of the ~ 
duration of an interval to the measured time 
interval. Thus ratio values of 1.00 show 
perfect accuracy, ratios below 1.00 represent 
underestimation of the actual interval, and — 


(see Hornstein & Rotter, 1969, for further 
discussion of ratio transformations of time 
estimations). b 
The main results are shown in Table 1 
and Figure 1 where mean ratios are plotted 
by duration interval for the three levels of | 
stimulus complexity. The analyses were 
based upon the mean ratios of the three esti- 
mations of each interval by each S. There 
were significant main effects due to stimulus 
complexity, F (2, 60) — 7.80, p < .001, in- 
dicating that the complexity of stimuli used 
to demarcate and occurring within the tem- 
poral interval directly affects its perception. 
'There were also significant main effects due 
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TABLE 1 


Mean Ratios AND STANDARD DEVIATIONS 
BY LEVEL or STIMULUS COMPLEXITY 


Complexity 
Time 
interval Low Intermediate High 
(in sec.) 

Ratio SD |Ratio| SD |Ratio| SD 
3 1.02 | .24 | 1.03 27 | 1.46 | .36 
7 1.04 | .16 | 1.02 20 | 1.26 21 
11 95 | .13 .99 20 | 1.12 14 
15 91 | .15 97 23 | 1.01 16 
19 91 | .13 95 20 197. 14 
23 91 13 94 22 95 17 


to duration intervals, F (5, 300) = 55.27, 
~p<.001. As shown in Figure 1, temporal 
" overestimations were greater for the shorter 
time intervals than for the longer ones, and 
n further, the degree of underestimation in- 
creased with increases in stimulus duration. 
‘This held for all levels of stimulus com- 
plexity, thereby supporting Vierordt’s law 
(see Underwood, 1966, p. 57; Woodrow, 
1951, p. 1225) that within a series of dura- 
tion intervals the shorter time intervals are 
verestimated and the longer intervals are 
derestimated, The significance extends 
- beyond the scope of this report; however the 
degree and direction of over- and underesti- 
. mation does differ markedly from the recent 
findings on this matter reported by Horn- 
_ stein and Rotter (1969). 
A Interval duration did interact significantly 
with the level of complexity marking the 
temporal duration, F (10, 300) = 15.82, p < 
1. As Figure 1 indicates graphically, 
ere is a marked difference between the 
curve for the high-complexity stimulus dis- 
play and the curves of the low and moderate 
ones; that is, the main component of the in- 
- teraction results from time estimations of the 
3-, 7-, and 11-sec. intervals for the high-com- 
_ plexity stimulus display as opposed to esti- 
_ mations of those intervals for the low and 
intermediate stimulus displays. 

Finally and subsidiarily, there were no re- 
liable differences in time estimations for any 
conditions on the basis of gender. Male- 
female differences were as follows: low com- 
plexity, t (124) = .53; intermediate, ¢ (124) 


TR AZ 


= .16; high, ¢ (124) —.06 (p > 
cases). 

The present findings are cleay 
perception of a temporal interval i 
of the stimulus events serving a 
cues, Specifically, the n 
simple the stimuli defining : 
the duration interval, the short 
is perceived; and the greater t 
of the stimuli, the longer the int 
Hence, the experimental hypothe 
firmed. However, the precise na! 
cause and effect relationship bey 


lus complexity as described here’ 


effect on time perception cannot | 


on the basis of the present stud 'rovi- 
sionally, the present results agr ith an 
information-processing theory | d by 
Ornstein (1969) to account for ect of 
stimulus complexity on time per His 
basic premise is that perceive: ion is 
constructed from the contents c^ | stor- 
age; that is, the amount of ini n reg- 
istered in consciousness and st mem- 
ory determines the duration ex; ce for 
a particular interval. Ornstein ls that 
the more complex the input of a dura- 
tion interval, the greater the mation 
storage size needed, and as storas» size in- 
creases, the experience of durat corre- 
spondingly lengthens. The r of the 
present study, while neither « tly focus- 
ing upon nor generally confirming the va- 

er meta- 


lidity of Ornstein's use of a com 


phor, are in basic agreement with the general 


thrust of this theory. 
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low-frequency conditional group. 


Conceptual rules as defined by Haygood 
and Bourne (1965) partition a stimulus 
We population into two categories, examples 

"(positive instances) and nonexamples (neg- 
E ative instances). The conjunction of re- 
- sponse label (positive or negative) and 
— category composition (the stimulus types 
contained in the category)? completely- de- 
fines any conceptual rule. A major concern 
_ of attribute identification (AI) research 
ES (rule known, relevant attributes unknown) 
has involved the relative influence of re- 
sponse label and category composition on 
performance. The early research (Hovland 
& Weiss, 1953; Smoke, 1932) indicated 
that positive instances generally lead to 
- more rapid solution than negative instances. 
- However, early experiments, as well as more 
recent experiments (e.g., Bourne & Guy, 
1968), confounded response label with cate- 
-gory composition. For example, Bourne 
and Guy found that the conjunctive rule 
is solved more rapidly on the basis of posi- 


1 This research was supported by National Insti- 
tute of Mental Health Grant H D-03390 to the first 
author. The authors wish to express their gratitude 
to Elliot J. Rapoport for his contributions in col- 
lecting and analyzing the data. 
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3 Any stimulus population can be partitioned into 
four stimulus types (TT, TF, FT, and FF) on the 
basis of the presence (T) or absence (F) of two 
relevant stimulus values (Haygood & Bourne, 1965). 
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EFFECTS OF CATEGORY ATTENTION, RELATIVE FRE. 
OF RELEVANT VALUES, AND PRACTICE ON ATTR!; YE 
IDENTIFICATION PERFORMANCE ! 


PEDER J. JOHNSON? AND THOMAS C. TOPPINO 


University of New Mexico 


The Ss were presented four successive attribute identification problem 
volving either the conditional rule or its complement, the exclusion rule, 
either of two levels of relative frequency of relevant values. In all condi 
Ss were allowed to select on each trial whether they would be prese 
instance from the positive or negative category, but the particular in 
from the selected category was determined by E. The result 
Ss initially selected positive instances, regardless of the class of stimuli c 
posing the positive category. This positive focus resulted in inferior per 
ance in the low-frequency conditional group. s 
problems, both high- and low-frequency conditional groups switched to 
negative focus, which was accompanied by improved performance in th 


1 
| 


i 
P 


ndicatec 


With practice on succ 


tive instances (TT) than nega 'stances - 
(TF, FT, FF), but it is qu ely that 
(TT) instances lead to mor solution | 
than (TF, FT, FF) instanc rdless of 
response label. More reces eriments - 
(Davidson, 1969; Toppino Johnson, | 
1973) have eliminated the abo nfound- - 
ing by using complementar es (both - 
partition 


category compositions of a 


are presented under both re se labels) 
and have demonstrated tha c rate of 
solution on a particular category is pri 
marily determined by category »position. 
In the above experiments investigating 
response label and category composition 
made be- 


effects, comparisons were usu lty 
tween groups that were pres 
from a single category. ‘There 
these experiments demonstrate that under 
certain category composition conditions Ss 
are capable of solving more rapidly wt 

negative than positive instances, it remains 
possible that, if given a choice, Ss wouid 
focus their attention on positive instances 
regardless of category composition consider 
ations. A choice situation, such as those - 
previously mentioned, is provided by the 
common two-category concept task where | 
S receives a mixture of positive and neg?” 
tive instances. The S may attend strictly 
to one category while ignoring the other 
Alternatively, S may attend to both o 
gories, but utilize instances from uu 


| instances 
fore, while D 


P — TNI 0X, 


ily, so that solution is 
on the information from 
or example, S might form 
y on the basis of positive 
t hypotheses against both 
itive instances (Nahinsky 
70). In either case, the 
the primary role in the 
an be considered the pri- 
illy, it is assumed that Ss 
e category as their primary 


category dif! 
based prima 
‘one category. 
hypotheses st 
‘instances, bu 
positive and 
*& Slaymake 
category pla 
solution pro 
mary focus. 
select the po 


focus. How . it is likely that, in some 
rule conditi c.g., conditional, (TT, FT, 
FF) positiv: id (TF) negative, solution 
would be a d more rapidly if Ss se- 
lected the : ve category as their pri- 


i experiment, attention to 
itegories was assessed by 
dified selection procedure 
(Lee, 1969) h allowed Ss to select on 
each succes trial whether a positive or 
i ce would be presented. 
possible to determine if Ss 
lect from a given category, 
her the selection behavior is 
Controlled |) response label or category 
Composition. Furthermore, the present ex- 
periment investigated the relationship be- 
tween selection responding and practice to 
determine if primary focus changes sys- 
tematically over successive problems. 
The Ss were presented four successive AI 
Problems on either the conditional, or its 
plement, the exclusion rule, For each 
L9; the primary focus category was deter- 
ks on the basis of the first three selec- 
2 ns: S was classified as a (TF) focuser if 
- wo or three of his first three selections on a 
. Biven problem were from the (TF) category. 
he rationale for this scoring procedure 
Es based on suggestions from previous 
in Men that initial selections are critical 
E. oe Ss’ solution strategy (Bru- 
E oodnow, & Austin, 1956), and that 
a E RDS Ss may adopt a strategy of 
 “Ontrasting positive and negative instances 
(Wells, 1967). 
a On the basis of previous evidence (Bruner 
al., 1956; Conant & Trabasso, 1964), it 
Was expected that selection responding 
‘Would initially be under the control of re- 


primary fo 
employing 


systematica 
and if so, w 
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sponse label, with primary focus on the 
positive category, regardless of its composi- 
tion, i.e., (TT, FT, FF) in the conditional 
and (TF) in the exclusion rule. However, 


based on the evidence that solution can 
attained more rapidly with (TF) instances. 
than (TT, FT, FF) instances (Bourne & 
Guy, 1968), it was expected that, with | 
practice, Ss would come to select the (TF) | 
category as their primary focus regardless S 
of response label. Furthermore, this shift 
in focus in the conditional rule should be 
accompanied by improved performance. : 

Implicit in the prediction that Ss will 
develop a (TF) primary focus with practice | 
is the assumption that selection strategies 
are related to solution rate, viz., that Ss E 
will learn to focus on the category composi- 
tion that results in the more rapid solution. 
To provide a test of the above assumption, - 
the (TT, FT, FF) category was investi- 
gated under conditions of low and high 
relative frequency of relevant values. Sev- 
eral experiments (e.g., Haygood & Devine, 
1967; Haygood, Harbert, & Omlor, 1970) 
have demonstrated that AI performance is - 
facilitated by increases in the relative fre- 
quency of relevant values. It was expected 
that under the high-frequency conditions — 
the difficulty of solution associated with a. 
(TT, FT, FF) primary focus would be 
substantially reduced. Thus, if selection 
strategies are determined by relative solu- 
tion rate, Ss should be less likely to switch 
to a (TF) focus when the relative frequency 
of relevant values is high in the (TT, FT, 


FF) condition. 


METHOD 


Subjects and design. The Ss were 51 students from — 
introductory psychology classes at the University 
of New Mexico who participated in the experiment 
to earn extra class credit. Three Ss failed to meet 
criterion on the first problem and were excused from 
the experiment. The remaining 48 Ss were randomly 
assigned in blocks of four to the four experimental 
conditions generated by crossing two rules (exclusion 
and conditional) with two levels of relative fre- 
quency of the relevant values (high and low fre- 
quency) until there were 12 Ss in each condition. 
Each S received four successive AT problems in his 
particular Rule X Relative Frequency condition. 

‘Stimuli and apparatus. A population of 27 dis- 
tributed stimulus patterns was generated by means 
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FrGuRE 1. Proportion of Ss employing a (TF) 


primary focus—P (TF). 


of a stimulus grid consisting of a translucent screen 

partitioned into nine cells (three columns and three 

rows). Each of the nine cells was a 5 X 5 mm. 
- square and was individually backlighted by a 24-v. 

lamp. A particular stimulus pattern was presented 
. on each trial by illuminating one of the three cells 
in each of the three columns. To facilitate discri- 
mination among the cells, each cell was labeled by a 
letter (A, B, or C) corresponding to its column and 
by a number (1, 2, or 3) corresponding to its row. 

The stimulus grid was located on a table directly 
in front of S. At the base of the grid was located a 
response panel consisting of two response buttons 
with a feedback light above each button. The E 
controlled the pattern of cells illuminated on the 
— grid by using position switches. 

Four pairs of cells were randomly selected with the 
~ restrictions that no pair consist of two cells from the 
- ——same column, and that no cell be selected more than 
. once. Each selected pair of cells represented the 

relevant values for one of the four AI problems 
presented to all Ss in every condition. Order and 
sequence of problems were randomized across Ss. 

For each pair of relevant values, independent 

stimulus sequences were generated for the (TF) 
category and for the (TT, FT, FF) category. 
Furthermore, for a given pair of relevant values, the 
two frequency conditions employed the same se- 
quence for the (TF) category, but different sequences 
for the (TT, FT, FF) category. The high-frequency 
condition was composed of 1/3 TT, 1/3 FT, and 1/3 
FF instances. The sequence was constructed so 
that in each block of nine (TT, FT, FF) stimuli 
one of the relevant values appeared on .33 of the 
stimuli and the other relevant value appeared on 
.67 of the stimuli. The low-frequency condition was 
composed of 1/7 TT, 2/7 FT, and 4/7 FF instances. 
The sequence was constructed so that in each block 
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of seven (TT, FT, FF) stimuli ou- e relevant 
values appeared on .14 of the 5. and the 
alternate relevant value ap € co .43 of the 
stimuli. Since conditional aud exc ? rules are .— 
complementary concepts, it w to use the 


same stimulus sequences for b< 
reversing the assignment of : 


by simply 


Procedure. The Ss receives cule train- 
ing, followed by four suc lems on 
the specified concept. Dur ing, the 
rule was explained and 5 fassifying 
hypothetical stimuli as exar examples 
according to the rule and two nt values, 
A card stating the rule was remained 
continuously available throug periment. 
To insure that rule learning w ‘te at the 
onset of AI problems, a test was ; istered in 
which S was given a different y unt values 
for each of a series of stimuli ;n the grid 
and was required to classify each s according 
to the rule that had been given to hii: tule train- 
ing continued until .§ had classified « secutive 
stimuli correctly. 

In the AI portion of the ex 5 was in- 
formed that his task was to discove: wo relevant 


previously - 
columns of 
remaining 
5 was told 
ei in example 


cells combined by the rule that ! 

learned. It was explained that a ) 
the grid could be relevant, 
column irrelevant. On traini 
he had the option of reques 


or a nonexample of the concept, ax. ;t, in either. 
case, he should select each ins carefully to 
enable solution with as few tria! ossible, Each 
training stimulus remained on until S re- 
quested the next stimulus. f the fourth 
training stimulus, a test phas in which 5 
was presented two exampl :onexamples 


stimulus re- 
- classification 
appeared fol- 
as not pre- 
if one or 
ils was mis- 


in different mixed orders. 
mained on the grid until . 
response, and the next test 
lowing a 4-sec. interval. Feed 
sented during the test phase. Hc 
more stimuli in a block of four t 
classified, S was told after the fourth stimulus that 
he had made at least one error d : the last. four 
stimuli, and a new training block was initiated: 
If S did not err in the set of four test stimuli, the 
test phase was extended for four more trials. This 
continued until an error was made or until a criterion 
of 16 consecutive correct was achieved. Ud 
reaching criterion, S was told that he had cord 
solved the problem and that a new problem involv 
ing the same rule, but different relevant values 
would now be presented. 


RESULTS AND DISCUSSION. 


Selection responding. The proportion of 
Ss in each group whose primary focus Me : 
the (TF) category, P (TF), was calculate 
for each of the four successive problems by 
determining the number of Ss who selected 


two or three of the first 
iven problem (see Figure 


esponding were random, 

the expected FF) is .5. Thus, it was 
possible to usc ':e binomial test to deter- 
mine if resp ng differed significantly 
from chance. ʻo assess initial selection 
responding, parate binomial test was 
P conducted or: blem 1 data for each of 
the four expe ntal groups. The P(TF) 
for both of t! quency conditions in the 
onditional ı was significantly below 
hance (5 < , indicating that Ss were 
Selecting pri inantly from the (TT, 
FF) cat that was positive. In 

e case of tl lusion rule, P(TF) in the 
low-frequen« ndition was significantly 
bove chanc < .05), while P(TF) did 
Not differ fror: ance in the high-frequency 
Condition (/ 10). However, the differ- 
(nce in P(T, tween the high- and low- 
Hequency ce: jsion conditions was not 
tliable accor.'(¢ to a Fisher exact proba- 
bility test (>  .10) and P(TF) for both 
&xclusion con::ions combined was above 
hance accoriing to a binomial test 
= .064). o, when frequency condi- 
tions were collapsed across rules, a Fisher 


E probaly test comparing P(TF) 
Between frequency conditions indicated 
that relative frequency of relevant values 
did not influence Problem 1 selection re- 
pP onding (p > .10), The same test com- 
nas between rule conditions and com- 
aming across frequency conditions indi- 
fated that P(TF) was significantly higher 
M the exclusion rule condition (p < .05). 
4 US the balance of evidence suggested 
wat Ss’ initial focus was on positive in- 
Eines, The Ss’ selections were mostly 
om the (TT, FT, FF) category for the 
nditional rule and mostly from the (TF) 
Mtegory for the exclusion rule. 
_ By Problem 2, P(TF) was above chance 
h al four groups (p < .05), marked by a 
nificant increase in P(TF) for the condi- 
"Dal rule, (5 < 0s. McNemar tests for 
nificance of change). While there were 
? additional significant changes in P(TF) 
in Yond Problem 2. P(TF) continued to 
“tease until Problem 4 where every S, 
ith the exception of a single S in the low- 
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frequency conditional group, was classified — 
as employing a (TF) primary focus. Com- 


parisons between rule and frequency condi- 
tions revealed no significant differences on 
Problem 2 through Problem 4 (all ps > .10). 

In summary, the selection responding 
results indicate that while Ss may begin an 
AI task by using positive instances as a 
primary focus, there is a rapid and uniform 
switch to a primary focus on the (TF) 
category. These findings, when viewed 
with Bourne and Guy’s (1968) findings, 
which indicated that Ss solve more rapidly 
when presented instances from the (TF) 
category, would suggest that Ss were adopt- 
ing a rational strategy with respect to their 
selection responding. 

Solution difficulty. In the previous sec- 
tion, it was noted that the relative fre- 
quency of relevant values did not influence 
selection responding. However, it was pre- 
dicted that the relative frequency variable 
would have an influence on problem diffi- 
culty in conditions where Ss did not focus 
on (TF) instances. Since a primary focus 
on (TT, FT, FF) stimuli occurred only for 
the conditional rule groups on Problem 1, 
it was expected that frequency would have 
a significant effect on problem difficulty in 
this condition only, with the high-frequency 
condition solving more rapidly than the 
low-frequency condition. 

The trials-to-criterion data for the four 
experimental groups over four successive 
problems are presented in Figure 2. An 
analysis of variance conducted on these 
data showed a significant problem effect, 
F (3,132) = 142, p < .01. In addition, 
all two- and three-way interactions involv- 
ing problems as a variable were significant 
beyond the .05 level. Subsequent Tukey's 
(a) paired comparisons indicated that all 
of the significant effects resulted from 
Problem 1 performance of the low-fre- 
quency conditional rule group. This condi- 
tion required significantly more mean trials 
to solution than any other (p < .01). In 
addition, the low-frequency conditional 
group improved significantly from Problem 
1 to Problem 2 (p < .01). While all other 
paired comparisons were nonsignificant 
(p > .10), a separate analysis comparing 
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FIGURE 2. Mean training trials to criterion. 


Problems 1 and 4, with the low-frequency 
conditional excluded, showed a significant 
improvement, F (1, 35) = 6.95, p < .05. 

Additional information on Problem 1 dif- 
ficulty as a function of the relationship be- 
tween primary focus category and relative 
frequency of relevant values was provided 
by an analysis of the point biserial correla- 
tion between Ss’ classification in terms of 
focus category and trials to criterion. Com- 
bining across rules, the low-frequency con- 
dition yielded rj», = — .401, p = .053, while 
the high-frequency condition yielded rp» 
om 477, b > .10 A Fisher z transformation 
showed that the difference between these 
correlations was marginally significant, 
-z = 1.76, p = .078. 

Taken together, the above findings sup- 
port the hypothesis that problem difficulty 
is partially contingent on the relationship 
between the primary focus category and the 
relativefrequency of relevant values. Under 
normal frequencies of relevant values (low- 
frequency conditions), performance is di- 
rectly related to a (TF) focus. However, 
if the frequency of relevant values is 
extraordinarily high, a (TF) focus is not a 
necessary condition for a relatively rapid 
solution. 

This finding raises the question of why Ss 
in the high-frequency conditional rule group 
switched from a (TT, FT, FF) focus on 
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Problem 1 to a (TF) focus « 
It would appear that a not: 
Bruner et al.’s (1956) coga: 


‘roblem 2; 
similar to 
ive straini 


would provide the most plaus ie explana- 
tion. While it is possible tc ‘in a rapid 
solution by selecti from the 
(TT, FT, FF) catego e exists a 
relatively high frequenc it values, 
an equally rapid solution attained 
with far less memory and * demands 


by selecting from the (TF) : 
the present experiment, ii 
identify one relevant value : 
two (TF) selections by usi 
mon-element strategy, i.c., 
single value that all of the ( 
have in common? With o 
relevant values identified, ti 
could be identified with r: 
using one of the followin: 
(TF) exclusive—continu: 
instances and determini 
never occurs; or (b) swit 
fying the (T) value in 
switch to (TT, FT, FI 
on instances that contain 
identified (T) value and t! 
(TT) instances. To deter 
frequency and efficiency oi : 
nate strategies, all 192 pro 
solving 4 problems) were cia 
exclusive, switch, or r 
tion(s) from (TT, FT, FF) 
more than one switch—on ti À 
first four trials.‘ Of the 70 problems class 
fied as (TF) exclusive, .74 were solved inf 
the first four trials, while for the 60 prob: 
lems classified as switch, .37 were solvi 
in four trials. Of the remaining 62 prob- 
lems classified as residual, only .13 wen 
solved in the first four trials. Thus, : 
appears that selection of (TF) instance 
exclusively is the most efficient strategy 
but the switching strategy is more efficie 
than selections that were classified a$ E 
dual. The possibility remains that - 
superiority of the switching strategy a 
4 Classification was based upon the first four ie 
since sufficient information was present to de 5 
solution and as the number of trials went beyon” 
four there would occur a confounding peres E 
increased probability of switching more than 
and increased trials to solution. á 


i 


;ory was simply an artifact 
V) selections. To control 
onfounding, performance 


ihe residual « 
of number o 
for this possi 


was analyzec terms of number of (TF) 
selections in t rst four selections (three or 
two). It ca : seen from Table 1 that 
while the pr: ion of (TF) selections ap- 
peared to ha. some effect on performance, 
there is an ditional facilitating effect 
related to t! iitial selection of all (TF) 
instances fo! d by the selection of (TT, 
FT, FF) in: es. 
3 In conclu it is important to note the 
implications the present results for all 
two-categor icept tasks in which Ss are 
required to e a concept task on the 
] basis of ar | sequence of positive and 
negative ins es. Although it is logically 
possible fo: > solve the above type of 
problem on basis of negative instances 
exclusively, itive instances exclusively, 
or à combii::on of both, it is implicitly 
assumed tha: -olution is defined by the posi- 
lively labele category composition. Some 
tvidence for ite notion that Ss solve on the 
basis of positive instances is provided by 


experiments g., Johnson & White, 1969) 
which show that manipulations in category 
composition properties of the negative cate- 
‘Bory fail to have any effect on performance, 
While identical manipulations on the posi- 
tively labeled ca tegory have reliable effects. 
* present findings suggest that while 
attention is initially directed to the positive 
i Eom the focus of attention may shift 
i ME negative category if the information 
€ negative category provides an easier 
Solution, An obvious implication of this 
nding is that Ss do not necessarily learn 
x Concept as defined by the positive 
E For example, by Problem 3, a 
: oe er of 5s who were presented the condi- 
„Mal rule were in fact solving essentially 
© Same problem as Ss presented the 
o sion. An additional implication for 
; Wo-category concept tasks is that a Rule 
eis interaction effect may be the 
I. of a shift in S’s choice of a primary 
Bite, Category. More specifically, an initial 
E C effect may be the result of differ- 
in the difficulty of processing in- 


8 : Sr 
Nees in the positive category. However, 
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TABLE 1 


CONDITIONAL PROBABILITY OF SOLUTION IN - 
Four TRIALS GIVEN STRATEGY AND 
Proportion or (TF) SELECTIONS 


Proportion of (TF) 


Strategy 7S 50 

n P(S) n P(S) 
Switch 22 E 36 .33 
Residual 16 .19 35 pu 


Nole. Abbreviation: P(S) — probability of solution, 


with practice, it can be expected that Ss 
will focus their attention on the category | 
of instances that is easier to use. There- 
fore, any improvement in performance over 
successive problems should be relatively | 
greater for conceptual rules where the 
negative category is easier to use than the 

positive category. 

Finally, it is important to note the dis- 
tinction between attentional or focus strat- 
egies, as defined in the present experiment, 
and processing strategies, which relate to 
the efficiency with which information is 
extracted from a given set of stimuli. Im- 
proved performance over problems may be 
related to either changes in attentional 
strategies, improvement in processing stra- —- 
tegies, or both. To remove this source of — 
ambiguity, it is necessary to either use one- 
category concept paradigms (e.g., Bourne 
& Guy, 1968), which simply eliminates the — 
possibility of category selection, or to 4 
monitor category attention, as was done in — — 
the present experiment. n 
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USCULAR AND JOINT- 
IN POSTURAL 
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f a blindfolded person maintains a limb in an asymmetrical posture for some 


time, he typically misplaces it in the 


direction of previous asymmetry when 


he attempts to restore it to a symmetrical position. This effect has been called 


“postural persistence," and may be di 
muscular factors, such as are involved 


ue to adaptation in joint receptors or to 
for instance in postcontraction. Previous 


attempts to resolve this issue were considered to be inadequate. The aftereffects 


of holding the head to one side were c 


ompared with the aftereffects of holding 


it straight while straining against a torque. Aftereffects in the felt position of 
the head were evident in only the former condition and were found to be re- 
duced when the head was in the opposite direction to that in which it was 
adapted. It was concluded that postural persistence is a function of adaptation 
in joint receptors, at least for moderate loads. 


been known for some time that 
ent position of a limb may be 
! by a previous movement or 
posture. Hoff and Schilder (1925), Selling 
(1930). -ad more recently, Nachmias (1953) 
and Ja: kson (1954) have shown that if a 
blindfo:ied person holds both of his arms 
horizon ially in front of himself and then 
raises one arm 45° above the horizontal for 
a few seconds, the arm is positioned above 


Tt hi 
the ap; 
influen 


the other when the person is asked to 


restore the horizontal position. Such an 
effect has been called “postural persistence.” 
A related effect is the kinesthetic figural 
aftereffect produced by stroking a tapered 
or tilted bar (Gibson, 1933; Köhler & 
Dinnerstein, 1947, pp. 196-200). Postural 
Persistence could be due to either adap- 
tation of receptors in the joint capsule, 
or to “muscular” factors such as adapta- 
lion in muscle spindles, tendon organs, 
or changes in motor innervation. "Post- 
contraction,” which involves the involun- 
tary movement of a limb in the direction 
of previous strain, is a. well-known after- 
effect apparently due solely to muscular 
factors—joint receptors are not involved 
because static tension does not affect joint 
receptors (Hick, 1953). Although post- 
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contraction has not been reported to involve 
illusory changes in felt position, it is 
conceivable that the aftereffects of muscular 
strain could be partly or wholly responsible 
for postural persistence. 

Attempts have been made to isolate 
the "muscular" component from the 
"joint" component in kinesthetic after- 
effects (Bakan & Weiler, 1963; Day & 
Singer, 1964; Moylan, 1964). However, 
Collins (1971) has convincingly argued 
that the results of such studies are irrel- 
evant to this issue because of the com- 
plexity of the tasks used. The Ss judged 
the parallelism or verticality of rods with 
to and fro arm movements; this involved 
the integration over space and time of 
complex muscular, joint, and tactile in- 
puts. Collins himself asked blindfolded 
Ss to make judgments of the horizontality 
of a handgrip before and after straining 
against an unspecified torque for 60 sec. in 
the horizontal position. He found after- 
effects of about 5° in the opposite direction 
to the strain, which suggests that there is 
a muscular factor in postural persistence, 
although he ran no control Ss to show 
what its relative contribution was. Al- 
though Collins's procedure is an improve- 
ment on earlier designs, the effects he 
reports could have been due to the tactile 
aftereffects of the pressure of the hand- 
grip. Such aftereffects could be crucial 
in a task in which touch is so important. 
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We decided to reinvestigate this issue, 
and chose the neck joint because of its 
symmetrical position in the body, and 
because it has a salient “straight-ahead” 
position which does not depend on tactile 
contact with external objects. The experi- 
ment was designed to isolate the muscular 
component in. postural persistence by com- 
paring the aftereffects of holding the head 
— to one side with the aftereffects of straining 
- the head against a torque while holding it 
. in the straight-ahead position. The only 

differential tactile effect was due to the 
pressure of the bite on the teeth, but it is 
difficult to see how this could influence the 
sense of head position. The aftereffects 
Were measured by asking S to bring his 
hands to the head's midline. This pro- 
cedure enabled us to reveal whether the 
aftereffects are restricted to the position 
of the head during the adaptation period. 
However, use of the hands in this way 
leaves open the possibility that aftereffects 
-are a function of the relative position of 
hands and head during adaptation. A 
Second test was therefore used in which 
S was asked to set his head straight ahead 
before and after adaptation. This measure 
was then used to validate the hand-to-head 
. measure. 


METHOD 


$ 


- Apparatus. The main component of the apparatus 
Was a 22-cm. high vertical screen curved 110? from 
left to right with a 50-cm. radius. The.S was seated 
facing the center of the concave side of the screen 
with the center of rotation of his head at the screen's 
center of curvature. A small trolley was mounted 
so that it could run freely along a curved horizontal 
track halfway up the outer convex side of the screen. 
This trolley carried a small metal tab which pro- 
truded through a horizontal slit in the screen, The 
5 could grasp this tab between the index fingers of. 
both hands and push it and the trolley from side 
to side along the curved track. Both hands were 
used in this way so as to attenuate effects of handed- 
ness. A scale on the track indicated to E the 
angular position of S's index fingers relative to his 
body midline and enabled E to move S's hands to 
desired positions. A padded board supported S’s 
elbows. His head was held in a crash helmet 
mounted on a central vertical shaft which could 
rotate freely in bearings above the head, A forward- 
pointing horizontal rod attached to the helmet 
indicated to E the azimuth position of S’s head and 
enabled E to rotate S’s head to desired positions. 
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A string attached to a 94-gm. weig over a pulley 
could be hooked onto the rod so a force of 
94 gm. acting at a radius of 37 cm pplied to 
S's head pulling towards the right. the force 
to the right was applied, S kept read in a 
straight-ahead position by holding i: st a stop 
on the left side of the rod. A wax bit: nounted 
on the helmet by an adjustable «i o small 
fixation lights were mounted o of the 
curved screen, one straight heac e other 
24° to S's right. Screens prev seeing 
anything other than the fixation 

Procedure. The Ss were 12 undergr 3, 6 of 
each sex. Each S was seated in the ar s with 
his head in the helmet and was a itol traight 


at the 0° fixation light with head st: The 
bite was then fixed. The basic par nsisted 
of a set of pretests, a 10-min. adaptati od, and 
a set of posttests interspersed with 2-mi: p-up” 
periods of adaptation, The three condi of thè 
experiment differed only in the type of tation. 
In Condition 1, adaptation consisted of ing S's 
head 24° to the right of straight ahead e eyes 
were fixated on a target light at the re 24? 
position, that is, the eyes were straight head. 
This condition was de: gned to measu main 
postural persistence effect. In Conditi 5 was 
asked to hold his head straight ah i st the 
Stop while resisting the force of 94 | was 
straining his head to the right. The ted a 
light at 0°. This condition was designet ivesti- 


gate the contribution to postural per ice of 


asymmetrical muscular strain in the ce of 
asymmetrical position of the head. < ion 3 
was a control condition in which § bek head 
and eyes straight ahead without str: u the 


:ed to 
duces 
In all 


adaptation periods. This condition was d 
reveal whether merely holding the head sti 
changes in the apparent straight aheac 
conditions both hands were held on the finger tab 
at 0° during adaptation. The three conditions 
were given in counterbalanced order to cach S. 
The basic testing sequence was as follows: in Test 1, 
S was asked to bring the head to the straight-head 
position once from each of six randomly assorted 
Starting positions, namely, + 36°, + 24°, +129, 
— 12°, — 24°, — 36° (plus signifies S's right, minus 
his left). The S held his arms on a padded arm rest 
during this test. In Test 2, S was asked to swing 
the finger tab held between his index fingers until 
he judged it to be straight ahead of his nose. This 
was done once from each of the previously men- 
tioned 6 starting positions for each of 3 head 
Positions, namely, + 24°, 0°, and — 24°, making 18 
trials altogether, given in random order. Each S 
was in complete darkness during all tests. The 
Same two sets of tests were administered before and 
again after the 10-min. adaptation period, except 
that in the postadaptation tests, each batch of 6 
tests was interspersed with a 2-min. top-up period 
of adaptation. 


DOMINANCE OF JOINT RECEPTORS IN POSTURAL PERSISTENCE 


TABLE 1 
SE 
PRE- AND POSTTEST DIFFERENCES IN THE THREE ADAPTATION CONDITIONS 


Tests 


laptation condition 


Head to straight i i 
lea S BORD t EE: d Fingers, te head Fingern io ead 
Hc ıt 24°, to the right +5.9* + 1,3 6.2* — 1.6 
4°, to t i E —6.2* — 1. —6.8* à —34* 
H: ıt 0°, strained to left +.9 + 2.1 —4 212 —1.0 E 1$ 2 5s 15 
ns ns 1 : 
He at 0°, relaxed SOICETI 1.8 x.8 qu "s E 1.8 
ns ns ns "na 
ae ne figures are in degrees with 95% confidence limits. 
RESULTS selectively within a subgroup of receptors 


I mean differences between preadap- 


tati < and postadaptation scores averaged 
ove“ .tarting positions and Ss were calcu- 
late for each type of test and for each 


of > three conditions of the experiment. 


Th. results are presented in Table 1 along 
wit 95% confidence limits. Two-tailed 
tes: of significance were applied to these 
dif «ences with a strict criterion of p < .01 
bec. use of the use of multiple tests. The 


its are signed plus if the shift in the 
me.i position of head or arms was toward 
S's sight and minus if toward his left. 

i+ can be seen in the table that the only 
condition producing significant shifts was 
Condition 1 in which the head was held 
24^ to the right during the adaptation 
period. The direction of the shifts in this 
condition was the same for all Ss and con- 
sistent for each test. 

The shifts suggest that each S came to 
believe that his head felt rotated by about 
6° to the left of its true position as a conse- 
quence of holding it at 24° right for 10 min. 
Note that a “plus” shift in the head-to- 
Straight-ahead test is equivalent to a 
“minus” shift in the hands-to-head mid- 
line test; both reveal a leftward shift in the 
felt position of the head. ; 

The results also show that the mean shift 
in the felt position of the head when it was 
.tested at — 24° was only about half the 
mean shift when it was tested at + 24? 
or 0° (differences significant at p < 01 
and p < .001, respectively; the + 24° and 
0? positions did not differ from each other). 
This suggests that adapation is occurring 


which have an angular range of response 


extending from + 24? to at least 0°, and 
some of which have a range extending at 
least to — 24?. It was necessary to use 
the hands to indicate these position- 
dependent effects. But this procedure may 
have contaminated the results; adaptation 
may affect the apparent position of the 
head in relation to the hands rather than. 
of the head in relation to the body. How- 
ever, we were able to validate the hands- 
to-head test by comparing the size of the 


shift revealed by the head-pointing test - 


with that revealed by the hands pointing 
to the head at 0°. The difference between 
the shifts revealed by these two tests was 
not significant and the hands-to-head test 
is therefore validated. 

The absence of any aftereffects in Condi- 
tion 3, when the head was held straight 
and relaxed demonstrates that the after- 
effects are not due merely to holding the 


head still. 
DISCUSSION 


The results indicate that, at least with 
moderate loads, similar to those involved in 
maintaining posture, postural persistence is 
not due to asymmetrical muscular strain. 
The most reasonable interpretation is that it 
is due to selective adaptation in joint receptors 
with fairly broad response characteristics 
within the joint's angular range. The presence 
of joint receptors with a response range on the 
average of 73? is confirmed by physiological 
evidence (Mountcastle, Poggio, & Werner, 
1963). There is also physiological evidence 
that joint receptors adapt (Andrew, 1954). 
Utricular inputs should be unaffected by lateral 
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- head movements. There may have been some 
aftereffects of head rotation involving the 
semicircular canals, but this would be slight, 
because the period of head rotation was brief 
and involved both accelerative and decelera- 
tive phases of equal magnitude in rapid 
succession which is known not to lead to 
vestibular adaptation or aftereffects. 

Whether muscle and tendon receptors or 
motor outflow ever influence the position 
sense of a joint is still an open question. Motor 
innervation is apparently related to sense of 
position in the eye, but the eye is a special 
case where muscular innervation is consistently 
related to eye position and where there are 
no jointreceptors. In a jointed limb, where the 
load can vary, the input from joint receptors 
is the factor most consistently related to 
position, and the best designed system would 
presumably be one which relied wholly on this 
source of information for position sense when 
itis available. Recent evidence seemed con- 

- vincingly to have demonstrated that position 

"sense depends on joint receptors (see Howard 
.& Templeton, 1966, pp. 91-96). , 

. . However, very recently, Goodwin, McClos- 
key, and Matthews (1972a, 1972b) found 

that Ss could still detect movements of the 

- anesthetized finger when moved at velocities 
over 1°/sec, and that low-amplitude vibration 
of muscle spindles in humans produced an 
illusion of limb movement. These findings 
relate to movement sense not position sense 

in anesthetized joints. They do not even 
prove a direct involvement of muscle spindles 

_in the appreciation of movement, because the 

- effects may have resulted from awareness of 

motor innervation reflexly triggered by stimu- 

lation of muscle afference. In any case, the 

- results do not demonstrate that muscular 
factors of either kind have any significant 
effect ‘on the sense of position or movement 
when joint inputs are intact. Indeed evidence 
that the afferent muscular component is 
ignored in the presence of conflicting inputs 
from joints comes from Gelfan and Carter 
(1967) who found that tension applied to 
excised human tendons produced no conscious 
awareness of length or tension changes in the 
otherwise normal stationary limb and had 
no effect on kinesthetic sense when the limbs 
were actually moved. Our results also suggest 
that the inputs from joint receptors play at 
least a dominant role in the sense of position 
of a joint, and that the postural persistence in 
lightly loaded limbs is due to the adaptation 
of these receptors. Further experiments are 
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required to reveal the time constants -f this 

adaptation. 
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COMPENSATORY EFFECTS IN MORAL JUDGMENT: TWO RIGHTS 
DON'T MAKE UP FOR A WRONG? 


MICHAEL H. BIRNBAUM 
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University of Califironia, Los Angeles 


Ratings of the morality of persons described as having committed moral and 
immoral behaviors indicate that good deeds do not make up for bad ones. 
The overall goodness of a person is determined mostly by his worst bad deed, 
with good deeds having lesser influence. Addition of moral deeds does im- 
prove ratings of sets containing low-valued items, but, consistent with pre- 
vious research, this compensation appears to be limited. Data suggest that 
performance of very immoral deeds limits the highest level of morality a person 


can achieve. 


\ rules of judgment describe how one forms 
ession of the overall morality of another 
ial? Birnbaum (1972, 1973) found that 
of the overall morality of a person described 
ing carried out several actions are not con- 
with simple additive or averaging formula- 
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tio A person's morality does not appear to be 
the «im or average of the moralities of his actions. 
Ins d, the individual's most immoral deed appears 
to ve special significance. 

. th addition of highly moral items to sets con- 
tai^ ag an immoral item, the judgment of morality 
ap; ared to be limited to an unfavorable rating 
(B: abaum, 1973). The present study replicates 
anc extends the investigation of this effect to explore 


two simple possibilities: (a) that the upper limit is 
determined entirely by the most immoral item, and 
(b) ‘hat the upper limit depends upon the goodness 
of the deeds added to the immoral item. 

Method, The Ss were instructed to 


read each set of actions and then judge how 
“good” or "bad" it would be to carry out all 
ol the actions.,.. In other words ... how 
morally “commendable” or “reprehensible” a 
person would be who carried out all of the 


actions. 


Ratings were made on a 17-point scale ranging from 
—8 (very very bad) to +8 (very very good) in 
which zero was designated as neither good nor bad. 
The Ss were 50 University of California, Los 
Angeles, undergraduates who were fulfilling a class 
requirement in introductory psychology. 
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The value of that limit appears to depend upon both the im- 
morality of the bad deeds and the virtue of the good ones. 


The 44 items used to construct the sets of be- 
haviors were selected from a pool of 300 items that 
were previously rated by 101 5s on a 9-point scale — 
(see Birnbaum, 1973). Typical items for the four 
levels are as follows: highly immoral (L), Secretly 
spiking a party's potato chips with a dangerous drug; 
moderately immoral (M—), Cheating on an examina- 
tion by copying from another student; moderately 
moral (M+), Fixing a friend's car for free; and .— 
highly moral (H), Rescuing a family from a burning —— 
house. b: 

The design was composed of 37 sets of two types: 
(a) Homogeneous sets of all M+ or all H items 
were constructed of 2, 3, 5, 7, 9, and 11 items. T 
addition, 1 set of 11 L items was included. (b) — 
Heterogeneous sets were constructed according to 
a6 X2 X2 (Number X High X Low) factorial 
design, in which 0, 1, 3, 5, 7, or 9 items of either. 
M + or H morality level were added to 2 items of" 
either L or M— value. Except for the set of 11 L 
items, which received a mean judgment of —1.96, : 
the design is represented in Figure 1. 

There were four replicates of the entire design, 
each replicate containing different M — and L items. 
The M+ and H items were the same for each 
replicate although their printed order within sets 
was randomized, as were the items in the single set — 
of 11L items. In heterogeneous sets, the Lor M= — - 
items were printed first. J 

Booklets were constructed containing two full | 
replicates, Each replicate included all 37-set types 
printed in random order on several pages. Pages 
were then assembled in all possible permutations. 
The cover page of each booklet contained the 
written instructions and response scale. The Ss 
were required to skim the booklet before beginning 
Mo E t Pet 


. The location of the 2 Lor2M— 
middle, or end of the list. Results were 
For example, the sets 


? Requests for e i 
mu tequests for repr psychology, University of COPI H. of 2L9M-+ items received mean ju sa pe of 40, —39. 
MdL puce en of M IE: and Fe qm the 2L items were ati the beginnings idle, 

" 4 i i ist, respectively. ie printe 
University of Ilinois at Urbana: hampaign, Champaign, and en the list 
ieee ECCL negligible effects. 
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MEAN JUDGMENT OF MORALITY 


7 


9 
NUMBER OF ADDED MORAL DEEDS 


Mean judgments of morality as a function of 


0 | 3 5 


FiGURE 1, 
the number of 
mean 


added moral deeds, (Each point represents the 
| Judgment of a different person as described by sets of 
actions varying in level of morality. Dashed curves show the 
‘effects of adding highly moral, H, deeds, and solid curves show 
the effects of adding moderately moral, M +, deeds; L = highly 
immoral, and M — = moderately immoral.) 


actually record their ratings. Half of the Ss 
sed either booklet, 

Results and discussion. Each point in Figure 1 
represents the mean judgment of morality of a 
different hypothetical person, described by a set 
of items, For example, the point labeled LL refers 
to the mean judgment of a person who has com- 
mitted two highly immoral (L) deeds. The dashed 
curves show the effect of adding highly moral (H) 
leeds; the solid curves show the effect of adding 
ioderately moral (M+) deeds. For example, 
‘starting at the point labeled LL, the points con- 
nected by the dashed curve show the morality of 
persons who have done 2L, deeds and 1H deed, 2L. 
and 3H deeds, etc. } ; 

According to the averaging model of impression 
formation (Anderson, 1971), the three dashed curves 
should converge, approaching an asymptote at a 
common limit (the value of H). Similarly, the 
three solid curves should converge to a common 
asymptote at the value of M+, Perhaps, with 
enough H deeds the curves would eventually con- 
verge, but as far as these data go, they show no 
ndication of the convergence predicted by the 
iveraging model. Contrary to the averaging model, 
he four bottom curves all appear to approach 
lifferent asymptotes. 

The lowest solid curve in the figure suggests that 
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with the performance of 2L deeds, the . 
M + deeds does not raise the overs i 

a judgment of —4, or “immoral. 
curve directly above it suggests that 
H deeds would make the overall ra 
Having committed very bad deec 
expect to redeem himself by good ac 


The picture is not so blea -X 
Having committed 2M — deed. is possi ; be 
rated "good" by doing 1H or 3M -I- Jesds, We 
ever, inconsistent with the comp: ion 
of the general averaging model, t r not 
appear to approach a common asympt the 
curves for homogeneous moral items. 

The two top curves, representing s mo- 
geneous scale value, appear nearly linear how 
little indication of an asymptote. Tie , uals 
from linearity for the dashed and solid hoi ous 
sets were nonsignificant, Fs (4, 396) ind 
1.60, respectively, giving no evidence for an mp- 
tote. Of course, with a greater numbe: ems 
(more than 11) an asymptote might ever v be 
reached. Additionally, these end judg may 
be distorted by a slight nonlinearity ir ing 
scale. 

One possibility suggested by Birnbau: 3) is 
that the upper bound would be complet: ter- 
mined by the most unfavorable deed. {i had 
been the case, the two lower curves woi uve 
converged to a common limit since the; ude 
the same immoral items. Similarly, the : two 
curves would have converged to another non 
asymptote, 

Another unsupported possibility is that ti- level 
of the asymptote would be completely deter ained 
by the goodness of the deeds added to the immoral 
items. Thus, the lower dashed curves in Fivi:re 1 


would have approached the same asymptote, Simi- 
larly, the two lower solid curves would have con- 
verged to a common limit. 

Instead of either of these simple possibiiities, 
however, it appears that the limit depends both on 
the value of the worst deed as well as the value of 
the added good deeds. Perhaps the limit can be 
conceived of as an internal stimulus that is averaged 
in with the other information. 

The present data indicate that ratings of morality 
show a peculiar form of compensatory effect. The 
findings that variation in the value and number of 
favorable deeds can raise the morality of low-valued 
sets may be called compensatory effects, However, 
the apparent finding of asymptotes suggests that 
the low-valued deeds, in combination with the 
added moral items, set some kind of upper bound. 
Given a person has done evil, an infinite number of 
good deeds may not produce a favorable overall 
impression. In this sense, morality judgment might 
be called "noncompensatory." As Ezekiel (The 
New American Bible, 3:20) has it, “If a virtuous 
man turns away from virtue and does wrong when 
I place a stumbling block before him, he shall die. 
He shall die for his sin, and his virtuous deeds shall 
not be remembered . . .." 
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EFFECT OF SIGNAL FREQUENCY ON AUDITORY AUTOKINESIS: 


G. RUSSELL? AND W. G. NOBLE 
University of New England, Armidale, New South Wales, Australia 


The magnitude of auditory autokinetic movement varied systematically with 
change in signal frequency from .5-10 kHz. Other response measures showed 
no such systematic trend. The latter finding confirms previous research 
results. Data allow an explanation of the phenomenon more in terms of in- 
teraural differences in adaptation than in terms of minimum audible angle. 


nt studies of apparent movement of an un- 
(ationary sound source have failed to find 
'tematic relationship between acoustical fre- 
and either number of movements, mean 
nt duration, or movement latency. Perrott 
bes (1971) advanced—and have since re- 
jec (Fobes & Perrott, 1972)—a theory of audi- 
tor itokinesis based on auditory adaptation and 
loc ition, They stated that 


3 


iccount for auditory autokinesis, one need 
€ to postulate that constant stimulation does 
1 produce a constant level of activity in the 
'pheral auditory system. For the present 
lel, sensory adaptation would provide the 
ry change in neuronal activity to an 
© ariant auditory stimulus. Any interaural 
i: ‘erences in the adaptation function would 
vide “apparent” changes in interaural stimu- 
aiion, which, in turn, could be coded as move- 
ucnt [Perrott & Fobes, 1971, p. 175]. 
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For this theory to be supported, a frequency 
dep; ncy of auditory autokinesis would need to 
be shown, and one which paralleled the frequency 
dependency of localization shift due to interaural 
intensity change (Mills, 1960). The lack of such a 
finding led Fobes and Perrott (1972) to reject the 
theory. But, failure to find a relationship between 
signal frequency and autokinetic movement could 
have been due to the very response measures used 
by these researchers. It is unclear why temporal 
features of the phenomenon were used as dependent 
Variables. It would seem more logical to examine 
the spatial features (distance and direction) of 
what is after all a spatial phenomenon. 

In a study by Bernadin and Gruber (1957), Ss 
reported that a tone of 5,600 Hz. apparently moved 
Over a greater range than tones of either 56 or 560 


! This research was partly Supported by an internal research 
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Hz. Such a frequency effect is consonant with a 

prediction from the work of Mills (1960), Mills. 
plotted (for varying signal frequency) the minima — 
of interaural intensity differences (IIDs) that are 
required for listeners to lateralize a centered dichotic 
stimulus, He found that the minimum intensity 
difference was greatest at 1 kHz., decreased some- 
what at frequencies below 1 kHz., and decreased 
even more at frequencies above 1 kHz., reaching the 
smallest value at 10 kHz. i 
It is known that adaptation is more or less con- | 
stant across frequencies from 1 to 8 kHz. (Jerger, 
1957), and that listeners are able to use IIDs to : 

localize sounds. Thus, it would be expected that if. - 
interaural differences in adaptation occur, the re- 
sulting trend in magnitude of autokinetic movement 
at different frequencies should be inversely related 
to the trend for IIDs. By relying on response 
measures other than magnitude of apparent move- 
ment, Fobes and Perrott (1972) would not readily: 
have discovered whether such a relationship exists; 
Fobes and Perrott (1972) also argued that their 
failure to find a frequency effect is contrary to an 
alternative explanation of autokinesis—an explana- 
tion in terms of localization precision. They tested 
and subsequently rejected the hypothesis that the 
amount of autokinesis is inversely related to locali- 
zation accuracy. But again, the response measures 
used are inappropriate for a test of this explanation. 
It may be that listeners can report apparent move- 
ment of a stationary source as occurring only 
within the spatial limits of minimum audible angle 
(MAA) at the same acoustical frequency. Under 
such a hypothesis, auditory autokinesis would be 
conceived as an "error" phenomenon, allowed by 
the limits of uncertainty within the difference limen 
for audible angle. If it were the case that auditory 
autokinesis and MAA are related, then the magni- — 
tude of apparent movement of a stationary sound 
source should parallel over frequency the minima | 
of discriminable change of position of an actually 
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interaural Intensity Difference in dB. 
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— FiGURE 1. Angular magnitude of auditory autokinetic 
= nt compared with minimum audible angle (MAA) 
and minimum interaural intensity difference (IID) (db.) re- 
quired for lateralization, 


1 Bere source, Distance of movement is again the 
- important variable for a test of this hypothesis. 

In the present experiment, auditory autokinesis 
examined at different acoustical frequencies 
h distance of movement as the main dependent 


rial 

Method. A concealed loudspeaker was positioned 
. -at 0° azimuth in one corner of a semianechoic room 

(3 x 3 X 2.5 m.). The. was seated in the opposite 
ner at a distance of 3 m. from the loudspeaker 
in the same horizontal plane. The S's head 
constrained by a circumcranial clamp to main- 
ain constant orientation to the sound source. 


, 1.0, 1.5, 2.5, 4.0, 8.0, and 10.0 kHz. were used 
gnals which were presented continuously for 10 

at 20 db. sensation level. Five Ss were 
ith the white-noise signal; 22 Ss each 
to three different tonal signals which were 
ed to them by a quasi-random method so that 
Mis sent was used at least eight times in the 


he Ss were told that, “the sound may or may 
move,” and were asked to report where the 
nd was coming from initially and if it moved, 
where it moved to. The Ss made verbal responses 
with reference to a scale attached to a curtain con- 
cealing the louds; - The scale was marked off 
- in 40 numbered 2.5-cm. units, 20 to the left and 20 
to the right of a zero point which corresponded 
. .to the center of the loudspeaker. The scale sub- 
= tended an arc of approximately 20°, 
- — Results. The main response measure, mean dis- 
tance of movement, was calculated by dividing the 
sum of angular displacements (in degrees of arc) 
E for each reported movement by the total number of 
. movements. These data are presented in Figure 1 
_ for each frequency of the tonal signal, along with 
- the corresponding MAA data at 0° azimuth from 
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broadband white noise and pure tones at .5, ` 


Mills (1958) and the IID data from t 
Analysis of variance for mean distance 

showed a significant effect for frequ 
= 3.31, p < .01. Scheffé's test was us 


the pooled means for the low (.5, .7 1.0), 
middle (1.5, 2.5, and 4.0) and high (8 0.0) 
frequencies, Mean distances of moven the 
low frequencies (1.57°) and for the n 1en- 
cies (2.43?) were both significantly 5) 
than for the high frequencies (4.1 i 

Other results of this experiment ai ble 
with those reported by previous investi de- 
spite differences in procedure, ete. Mo vent 
was reported for tone than white noise ( ott 
& French, 1969), most Ss reported betw ind 
20 movements within the 10-min. period : bes 
& Perrott, 1972), and latency varied fi 210 
sec. (cf. Perrott & Fobes, 1971). In add: d 
in confirmation of the result of Fobes an rott 
(1972), no systematic relation emerged veen 
frequency and either number of autokine: ve- 
ments or movement latency. It woui ar, 
therefore, that a similar type of aut« "ct. 
occurred in the present experiment as in i eri- 
ments of previous authors. 

Discussion. Contrary to previous rese the 
present data show that there is a frequen: ect 
for auditory autokinesis. Further, dat: M- 
sistent with an explanation in terms of ci "ces 
in interaural adaptation. There appears : an 
inverse relationship between mean distance + ito- 
kinetic movement and the minimum IID ; ed 
for lateralization (Figure 1). 

The data do not relate as well to the t: for 
MAA. Although there is some suggestio: -f a 
relationship at lower frequencies, the hi i 
quency result bears little resemblance to M It 
seems unlikely on present evidence that the aud cory 
autokinetic effect is simply an MAA or” 


phenomenon. 


cally with signal frequency when distance of 
ment is used as the response measure. This f 
demands further research especially with reg 
measurement in relation to actual measures ol inter- 
aural differences in adaptation. 
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TARGET LOCATION AFTEREFFECTS FOR VARIOUS AGE GROUPS! 


BENJAMIN WALLACE ? anp SCOTT P. ANSTADT 


Western Illinois University 


Visual adaptation to prismatic viewing was studied as a function of age (6-, 
11-, and 18-yr.-olds) and the presence of three visual targets during prism 
exposure. Results showed no significant difference in adaptation as a function 


However, magnitude of adaptation for peripherally located targets 


during prism exposure was found to be significantly greater compared to more 
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of age. 
centrally located targets. 

Jist daptation has traditionally been studied 
using ;radigm where S is asked to point at an 
object ore and after an exposure to prism dis- 
placer (Held & Schlank, 1959), The typical 
findin ng this paradigm is that S overcompen- 
sates / nduced prism distortion in a postexposure- 
pointi ccuracy task by reaching in the direction 
Oppo: to the prism displacement. This over- 
comp tion is referred to as a negative aftereffect. 


Ty ily, studies in visual adaptation have con- 
centr. on assessing magnitude of overcompen- 


satio adult Ss. A review of the literature in 
visus  iaptation (Epstein, 1967) shows this to be 
the « Several investigators, however, have con- 
sider idaptation to a visual displacement in 
your Ss, Pick and Hay (1966) studied visual 
dom ce and visual adaptation to prism displace- 
men: ^ children aged 9 yr. and older. Results 
shov that age trends were not supportive of a 
hypo ssis that information from different sense 
mod. ies becomes better differentiated with age. 


Pe cptual-motor performance under rotation of 
tral field was also studied as a function of 


the 

age «ere Ss were asked to trace a path between 
two ;:edrawn lines under normal vision and under 
disto: ion conditions of 0°, 30°, 60°, 90°, 120°, 150°, 
and ‘80° (Smothergill, Martin, & Pick, 1971). The 


sented age groups of 7, 9, and 11 yr. of age 
plus 2 group of college adults. Results showed a 
developmental trend occurring under large rotations 
(e.g., 180°) of the central field in terms of number of 
errors made in path tracing, with older Ss perform- 
ing more accurately than younger Ss. 

Since very little systematic work has been ac- 
complished with regard to investigating possible 
developmental trends in spatially coordinated be- 
havior, conclusions with regard to age trends would 
be premature. The purpose of the present study 
Was to assess visuomotor coordination abilities in 
three age groups: 6-, ll-, and 18-yr.-olds. _ The 
method for assessing visual adaptation was similar 
to that employed in a previous study.* This method 


i he 
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Western Illinois University Research Council awarded to E 
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differs from the Held paradigm (Held & Schlank, - 
1959) in that three targets are available for viewing — 
during prism exposure instead of viewing a homo- — - 
geneous background. With targets present for view- 
ing during prism exposure, adaptation has been 
shown to be greater in magnitude than when 
targetsareabsent. In addition, with targets present 
during prism exposure, visuomotor coordination — 
pointing accuracy to targets as assessed in a post- 
exposure measurement has been shown to vary as 
a function of their location within S's visual field. 
When S reaches for a target location on or near the 
edge of the visual field, adaptation has been shown. 
to be greater in magnitude than when S reaches 
for more centrally located targets during prism ex- 
posure, Since 5 moves his arm further in pointing 
to a target prismatically shifted to the periphery of 
his visual field than in pointing to more centrally 
located targets, the perceived discrepancy between 
preexposure and exposure movements necessary for 
producing adaptation must be greater for the 
peripheral than for the central targets. The present 
study determines if this phenomenon holds across 
various age groups. 

Method. Sixty Ss participated in the present 
study. There were 20 Ss representing each of three 
age groups: 6-, 11-, and 18-yr.-olds. The 6- and 
11-yr.-olds attended a local elementary school while 
the 18 -yr.-olds were volunteers from the intro- - 
ductory psychology sections. Only right-handed Ss 
who did not wear corrective glasses were selected. 

The Ss were seated at a small wooden table with 
their head securely positioned in a combination. 
head and chin rest. Throughout all experimental | 
conditions, Ss wore Risley rotating prisms attached 
to the front surface of welder's goggles. On the- 
table in front of S was a rectangular wooden box, 
49.5 X 77.5 cm., open on the side facing S. When 
S was asked to observe movements of the hand, 
the hand was placed in an aluminum holder running 
on an aluminum track on the top level of the 
wooden box. Immediately behind the track was a 
wooden backboard that extended the entire width - 
of the box. The S's hand was visually coincident 
with the backboard of the box. A tagboard with 
three unnumbered targets was placed over the 
backboard for the entire experiment. These targets 
consisted of three black lines, .4 X 15.8 cm. and 5.1 
cm. apart centered on the tagboard. During the 
pre- and postexposure tests, S's hand was kept out 
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‘sight by placing it in a holder on an aluminum 
le in the lower compartment (interior) of the 
— box. The location of 5's judgment of a target line 
— was determined by reading a value from a measur- 
ing stick that was attached to the interior slide and 
thus, moved with it. 
"The basic design was a 3 X 2 factorial. The first 
factor was the three ages of Ss used in performing 
the pointing accuracy tasks. The Ss were either 6, 
A1, or 18 yr. of age. The second factor was con- 
cerned with whether Ss wore 20-diopter lateral 
- displacing prisms, base right (shifting the objects in 
— the visual field to the left of normal, straight-ahead 
viewing) or 20-diopter prisms, base left (shifting 
^ targets in the visual field to the right of straight 
ahead). Ten Ss from each of the three age levels 
- were randomly assigned to perform the pointing- 
uracy task under either base-right or base-left 
ism displacement. 
- The Ss in each of the six experimental groups 
were individually tested with their head securely 
positioned in a combination head and chin rest 
attached to the experimental apparatus. The pro- 
- cedure consisted of four conditions. 

In the first condition, each S pointed at the three 
targets 20 times each in a random order with his 
unobservable right index finger. His finger was 
located in the internal slide during this practice 
pointing, and prisms were set to zero diopter. 

— Following pointing practice, a preexposure test 
was introduced to establish baseline estimates for 


unobservable right index finger in the pointing 
. practice session location. He was then to point to 
"where he felt the location of the test targets to be, 
times each, by moving the interior slide with 
finger from outside the visual field towards the 
ts. Pointing to each of the targets was ac- 
omplished by E randomly naming which line (right, 
, or left) he wanted S to point to in a given 
ing session. This procedure was followed until 
5 pointed to the three target lines five times each. 
in the pointing practice session, Risley prisms 
ere set to zero diopter for this condition. 
After the establishment of baseline estimates of 
locations, half of the Ss in each of the three 
e ips were required to view lateral movement 
th right arm against a background of the three 
present in the preexposure test condition 
20-diopter base-left prism shift. Remaining 
wed targets under a base-right prism shift. 
58 were instructed to keep lateral movement 
thin their visual field. Rate of movement was 
. indicated and controlled by a metronome allowing 
‘Ss to complete one cycle every 6 sec. Total prism 
exposure lasted for 15 min, 
i Immediately following prism exposure; prisms 
were set back to zero diopter. The S was then 
required to point to each of the three target lines 
five times each in a random fashion as in the pre- 
exposure test. f 
Results and discussion. The dependent measure 
under consideration in this study was the difference 
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in the means of S's judgment of th 
targets in the visual field as measure 
and postexposure test conditions. 
between these two measures of loca! 
typically deviates from actual loc 
tion opposite to the prismatic shift a: 
to as a negative aftereffect 
A mixed design analysis of v 

formed on the data with two bet 5 «bles, 


age of 5s (AS) and right or left p: JU 
and one within-Ss variable, the 1o gets 
in the visual field, left, center, or righ 

There was no significant difference, / 1) = 
.12, in resultant adaptation as a functic ction 
of prismatic shift (RL). In addition ution 
was not found to be significantly dii as a 
function of AS, F (2, 54) = 2.13, p < Mean 
aftereffects for 6-, 11-, and 18. 2:197 
2.2°, and 2.9°, respectively. ‘Two-tailed s for 
correlated measures between the pre- jost- 
exposure measures of target location sh hese 


negative aftereffects to be significanti ‘rent 


from zero (p < .05). The AS X RL int was 
also not significant, F (2, 54) = .50 rror 
mean square for the preceding F tests v. 

The RL X LCR interaction was í > be 
significant, F (4, 108) = 7.94, p < 00i. When 
objects in the visual field were prismat ifted 
to the right of straight-ahead viewing, < ition 
for the right, most peripherally located ta (33557 
was significantly greater, Newman-Keuls 01, 

ithan for the left, most centrally locat rget 
(2.09). With objects shifted to the left « mal, 
straight-ahead viewing, significantly grea apta- 
tion, Newman-Keuls, p < .05, was found ‘or the 


left, most peripherally located target (2.0°) com- 
pared to the right, most centrally locate’ ‘arget 
(1.99). 

Two-tailed ¢ tests for correlated mea i be- 
tween the pre- and postexposure measures oi target 


location showed mean aftereffects for the lc! and 
right target locations to be significantly (5 < .05) 
greater than zero. The AS X RL X LCR interac- 
tion was not found to be significant, F (4, 108) = 
1.19. The means of the individual cells contributing 
to this interaction are presented in Table 1. The 
error mean square for all LCR interactions was 
1.86. 

As the results of the present study indicate, 
adaptation to prismatic displacement did not differ 
as a function of age of Ss tested. All three age 
groups showed comparable amounts of adaptation 
to prismatic viewing. These findings corroborate 
results from previous research (Pick & Hay, 1966; 
Smothergill et al., 1971), where age had no signifi- 
cant effect in producing magnitude differences ina 
visuomotor coordination task where strength of 
visual displacement was comparable to the present 
study. Smothergill (1973) has also shown that 
younger Ss (6- and 7-yr.-olds) are just as accurate 
in localizing spatial targets as older children (11- 
and 12-yr.-olds) and college adults. 


A diff ce in adaptation magnitude as a func- 
tion of i ion of targets in the visual field during 
prism ex sure previously reported for adults was 
also fo: in the present study. Results showed 
this ph nenon to exist for all age groups used in 
the ada ‘ion induction procedures. The greatest 
measur aftereffect was found for target loca- 
tions « he periphery of the visual field during 
prism ure and least for the targets more 
centra ated within the visual field. 

Sin age difference was found in the present 
study ^ regard to visual adaptation for specific 
target tions, adult Ss and children of the age 
levels ted appear equally adept at discerning 
visua! i proprioceptive feedback differences for 
variou arget locations with respect to egocentric 
orient on and arm location during the adaptation 
proce If the judged position of S's arm with 
respe > target locations and egocentric orienta- 
tion lie preexposure task differs from the per- 
ceiver ;ition of the arm with regard to target 
locat and body position during prism exposure, 
a dis: -pancy may be produced and perceived be- 
twee, ‘elt, preexposure arm location and felt and 
obs. . | exposure arm location. This results, 
perh in the production of a proprioceptive shift 
(Ha: 1965) so that the hand comes to feel where 
it vi ily appears to be. This shift would vary in 


may ade for various target locations since reach- 
ing - d pointing to peripherally located targets 
che visual field would require more extensive 


with 

arm ovement than in pointing to more centrally 
loca. i targets. In addition, peripheral target 
reacing would differ from nonperipheral target 
reac ag with regard to felt arm location used in 
poinvag to the various target locations. As a re- 
sult, ‘he proprioceptive shift would be greatest for 
the peripherally located targets. 


Since Ss must be able to detect the existence of a 
- discrepancy between felt arm location with regard 
to apparent target locations and actual target loca- 
tions in order for adaptation to occur, the results of 
the present study show all age levels tested able to 
process the relevant visual and proprioceptive 
sources of information necessary in detecting the 
discrepancy for the various target locations with 
regard to arm location and body position. The term 
Processing is used synonymously with the notion of 
picking up relevant cues with regard to various 
target locations and overcompensating for this dis- 
crepancy in postexposure target pointing in the 
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TABLE 1 
ADAPTATION FOR THREE ViSUAL TARGETS (IN DEGREES) 


Target location in visual field 
Age and pri 
PDA. Left Center Right 
M SD M | SD M | SD 
6 
Base right 29*| 13 | 23* | 16 | 1.6 5 
(pem left r2 | ta |16 |21 |39t*|-1 
Base right 24* | RETT 1,3] 4:87 [00 
wn left 23* | 24 | 12 | 2.3 | 3.9% | 1. 
Base right | 3.6% | 1,5 | 2.9* | 1,9 | 22* | 2. 
Base left 2:5* | 1.6 | 2.8* | 2.0 | 3.6" | 1. 


+p <.05; analysis made by two-tailed ¢ test for correlated 
measures with df = 9. + 


form of measurable aftereffects. A similar view of 
the adaptation process has recently been expressed 
by Uhlarik (1973). 

From the results of the present study and previ- 
ously cited research investigating age as a variable 
in the adaptation process, it must be assumed that 
the visual and proprioceptive processes necessary 
for adapting to a displaced field of vision are well 
developed and coordinated by at least the age of 6. 
Whether visuomotor coordination is as well devel- 
oped in younger age groups cannot be determined 
from the present study and must be decided in 


future research. 
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rather than retrieval. 


In relating imagery to cognitive processes, one 
— view is that imagery, while closely associated with 
aspects of the language system, is a separate 
process (Bower, 1972; Kintsch, 1970b; Paivio, 
1971a). For example, if a person hears the word 
- sailboat, an image of a sailboat is likely to occur to 
the person in addition to nonimage or verbal rep- 
resentations of the word. Considerable research has 
= indicated that an image representation of a word is 
not an inactive epiphenomenon, but plays a major 
role in memory (Paivio, 1971b, chapts. 8 & 10). 
"This role occurs both as a function of the inherent 
imagibility of a word and as a function of instructions 
to think of images to words. 
However, questions remain concerning how images 
late to models of the memory system. Since 
views of the memory system are becoming sophis- 
ticated as well as varied, placing imagery as a 
component of the memory system is obviously 
— going to depend on one's view of that system. The 
present viewpoint is that words are stored on a 
multifeature basis, one of these features involving 
images that can vary in strength. In addition, the 
‘storage process for words is viewed as being separate 
from the process of identifying those words as 
curring in a particular context (usually a list) at 
| later time. Thus, increased recognition due to 
imagery instructions (Groninger, Bell, Cymer, & 
Wess, 1972) may occur at either the storage or the 
identification phase of memory. 
Mi: Translated into a recognition memory study, 
3^ Where items are stored on various dimensions and 
identified from some or all of the dimensions, 
instructions to concentrate on an image of a word 
may facilitate the recognition of that word because 
of either of two explanations. One explanation is 
that concentrating on an image of a word increases 
the. strength of an image representation during 
coding, which increases the likelihood of the word 
(which the image represents) being recognized later. 
An alternate explanation is that instructions to 
concentrate on an image create a set to be used 
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THE ROLE OF IMAGES WITHIN THE MEMORY SYSTEM: 
STORAGE OR RETRIEVAL?! 


The purpose of this study was to determine the contribution of images to 
memory system in terms of storage and retrieval. 
imagery and 50 with low imagery ratings were randomly presented by : 
i recorder at a 5-sec. rate. Eighty of these words were randomly intersper 
: with 80 distractors in a subsequent recognition memory test. A facto 
J S design was used, with both imagery and neutral instructions given during bot 
E the initial presentation of a list of words and the subsequent recognition t 
The results supported the effect of imagery instructions occurring at storage 
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Fifty words rated hi 
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during the identifying phase of retri For 
example, a word like sailboat may aut ly 
create an image representation during co but 
this dimension may not be scanned as * luring 
retrieval in the absence of imagery inst: ns as 
with imagery instructions. Thus, th t of 
imagery instructions could occur in the 
storage or the identifying phase of the ition 
process. 

The intent of the present study wa hog- 
onally manipulate imagery and neutral iy tions 
with the phases involved in the recogniti: »cess. 
to determine where the effects of image: truc- 
tions lie. Word type (high and low iv gery 
rating) was also included in the design a ‘k on 
the robustness of the effect of imagery ins ions. 

Method. Four groups with 24 Ss pe were 
formed on the basis of differences in i-. tions 
preceding each of two tapes. The first ù con- 
tained the target words, and the s ape 
contained the target and distractor words. “croup 


N-N had no instructions regarding im: ^y on 
either tape. Their specific instructions for + ape 1 
were: 
I am going to present to you 100 words by 
means of a tape recorder at a 5-sec. rate. ! would 
like you to listen to the words and concentrate on 
each individual word as it is presented until the 
next word is read. After the words have been 
read, I will give you further instructions. 
In the instructions for Tape 2, Ss were told that 
they would hear 160 words at a 5-sec. rate, some 
of the words being old, some being new. The Ss 
were then given an illustration in the use of a bipolar 
four-point scale to rate their confidence in their 
judgement of each word; “very sure” and “fairly 
sure" were the categories used in the ratings. 
Group I-N had the same instructions as group N-N 
on both tapes except for the inclusion of the phrase 
“concentrate on an image of each word” instead of 
"concentrate on each word" during Tape 1. Group 
N-I had Group N-N's instructions on Tape 1, but 
on Tape 2 were told in addition to the standard 
instructions to 
try to think of an image to each word and use 
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that ima o help you make a decision as to 


whether word was on Tape 1 or not. 

Group I-I! < the imagery inclusion on both tapes. 

While t! ^-sec. time interval at retrieval might 
seem to st 5's ability to form images and make 
decisions, liminary work with longer time 
intervals wed that few responses were made 
outside t! ec. intervals. This interval appeared 
to be clos optimal in terms of keeping Ss con- 

- tinually uding the task, while at the same 
time pro» sufficient time to respond. 

The S: pated in the experiment in groups of 
up to eig) ‘n number. After Ss were admitted to 
the expe: ntal room, they were seated facing the 

| tape rec and given the instructions for Tape 1. 
Upon th completion of Tape 1, there was an 
approxin 3-min. time lapse, during which Tape 

2 instru. ns were given. All Ss were members of 

the intr tory psychology class who served in the 
experim or extra credits toward their grades. 


he words on each tape were rated high 
ind half low, using the norms of Paivio, 
| Madigan (1968). The criterion for 


inclusio: : the high-imagery list was a rating of at 
least 6.! the 7-point scale. For the low-imagery 
group, : criterion was that the word be rated less 
than 4 ı the scale. On the second tape, the last 
40 of t^. 50 words of each type from Tape 1 were 
taken ' randomly interspersed with the same 
mumbe: i distractors of each word type, making 
atotal 160 words. 

Resu The data were partialed into high and 
low co idence ratings. This analysis indicated 


that a. imptions involved in a high-threshold view 
of reco, ition memory (Kintsch, 1970a, pp. 227-228) 
were 1: sonable, For the high confidence rating, 
the av rage hit/false alarm ratio was .91, while 
the rati: for the low rating was .62. Accordingly, 
the date are presented in terms of a forced-choice 
technique (scores with high and low confidence 
ratings added together), with false alarms subtracted 
rom hits to correct for guessing. 

The data showed a few very low scores in all con- 
ditions, which may have resulted from some Ss being 
inable or unwilling to meet the stringent attentional 
lemands of the task. The three lowest scores were 
herefore eliminated from all conditions, making an 
N of 21 in all conditions. This procedure reduced 
he variance in all conditions and left the resultant 
listributions relatively normal. The statistical 
onclusions with and without these low scores 
emained the same; however, it was felt that their 
Xclusion would give a more accurate estimate of the 
rue means of the conditions, plus have the effect 
f making the data more consistent with normality 
Ssumptions involved in the analyses of variance. 
'able 1 shows the revised data from the experiment. 

A 2X2 x 2 analysis of variance with repeated 
lasures on the last factor was performed with 
Magery vs. neutral instructions on the first tape as 
he levels of the first factor, imagery vs. neutral 
jstructions on the second tape as the levels of the 
*cond factor, and high-imagery vs. low-imagery 
ords as the levels of the third factor. This analysis 
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TABLE 1 


RECOGNITION Memory SCORES FOR HIGH- AND LOW-IMAGERY 


WORDS As A FUNCTION OF IMAGERY AND NEUTRAL 
INSTRUCTIONS DURING STORAGE AND RETRIEVAL 


479 


Imagery 
. Storage High Low. 
instructions 
Imagery | Neutral | Imagery | Neutral 
RI RI RI RI 
Imagery j 
x 32.47 34.23 26.04 21.42 
SE 1,16 1.02 1.27 1.18 
DEN 
26.09 27.61 23.19 23.38 
SEz 2.02 1.51 1.17 1.48 


Note. Abbreviation: RI = retrieval instructions, 


showed that imagery instructions at presentation 
created superior recognition, F (1, 80)=15.59, 
p «.01. The accuracy in terms of the magnitude of 
the imagery effects at presentation must be viewed 
with caution, since the intent of the study was not 
to isolate this effect from all possible covariates 
that might have been included as control groups. 
Suffice it to say that other research has shown 
imagery instructions to have a strong effect on 
recognition memory. (Groninger et al., 1972). It 
is interesting to note that the means for the neutral 
retrieval instructions were higher than the means for 
the imagery retrieval instructions, the opposite of 
the effect at storage. However, F for this compar- 
ison was only .93, indicating that these differences 
cannot confidently be attributed to anything other 
than chance. 

The triple interaction was not significant, F (1, 80) 
= .16, nor was the interaction of major interest, the 
Tape 1 Instructions (presentation) X Tape 2 Instruc- 
tions (retrieval) interaction, F (1, 80) = .08, In 
fact, looking at the means for the N-N vs. N-I cells, 
it is apparent that no more than trivial effects could. 
be occurring from the effect of imagery instructions 
at retrieval. Consistent with many other results, 
the words with high imagery ratings, which were 
mostly concrete, had superior recognition scores 
compared to words with low imagery ratings, 
F (1, 80) = 74.30, p < .001. 

There was also a significant Tape 1 Instructions 
X Word Type interaction, F (1, 80) = 6,65, 
p «.025. This interaction indicates that imagery 
instructions at storage facilitate the recognition of 
high-imagery words more than low-imagery words, 
although imagery instructions at storage facilitated 
recognition of the low-imagery words also, F (1, 80) 
= 13.59, p < .01. The latter two tests imply that 
imagery instructions can initiate an image rep- 
resentation to abstract words that have no direct 
image referent, but as Bower (1972) suggests, this 
type of image representation may not be as stable 
as images to concrete words, This instability would 
account for the lower recognition of abstract words 
compared to concrete words. The reason for the 
large effect of imagery instructions for concrete 
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words may be that the images become more vivid 

z through this set. Thus, an imagery set may create 

x the same conditions as found in imagery ratings of 

words where the vividness of images has been 
positively related to recall (Bower, 1972). 

Discussion. The strong effect of imagery instruc- 

tions during word input in conjunction with the 

absence of an effect from imagery instructions 

during the discrimination process at retrieval 

indicates that almost all of the strong effect of 

imagery instructions on individual words (Groninger 

et al., 1972) occurs during the initial or storage 

phase of the memory process. A reasonable inter- 

pretation of what occurs during single-word input 

is that when a person attends to a word, a dynamic 

system operates on that word in a fashion similar 

to the stages involved in Paivio’s (1971a) analysis 

of meaning. With highly imagible words, one facet 

of this meaning analysis involves the formation of 

an image from the word. It is at this point that 

imagery instructions affect retrieval by increasing 

the strength (i.e., vividness) of the image representa- 

tion during storage rather than creating a search 
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or an informationless test trial. 


"Thorndike (1932) used the results obtained from 
3 multiple-alternative, verbal learning task to 
pport his contention that symbolic rewards 
produce automatic strengthening of stimulus- 
response connections. The multiple-alternative 
task which he employed was one in which S was 
e required to learn which of a prespecified set of 
possible responses (eg. the digits 1-9) was the 
correct associate of each stimulus term (usually a 
word). Buchwald (1969) has suggested that .S's 
performance on this task, rather than under the 
influence of reinforcement, is strictly dependent 
upon the probability with which . can recall (a) 
his response on the previous trial and (b) the out- 
come of that trial (i.e., correct or incorrect), 


1 Requests for reprints should be sent to Donald S. Ci 
Department of Psychology, Rice University, Houston, Teas 
77001, 
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AN ANALYSIS OF RECOGNITION PERFORMANCE IN 
VERBAL DISCRIMINATION LEARNING 


Buchwald has suggested that S's performance on a multiple-alternative task 
is determined by the probability with which he can recall (a) his previous 
response and (b) the outcome with which it was associated. The present study 
was an attempt to generalize this model to include the two-alternative verbal 
discrimination (VD) task. The model was tested using reminder conditions 
similar to those of Buchwald. An outcome reminder was found to facilitate 
performance on the VD task when compared to either a response reminder 


à similar 
words, 
'ctions 


set for an image feature during retrieve! 
interpretation can be given for al 
except that for these words, im 
may serve to create as well as stren 
representation to a word. 


ins 
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At issue in the present study was the generaliza- 
bility of Buchwald's (1969) model to the two- 
alternative verbal discrimination (VD) task. t 
was hypothesized that following noncorrection 
feedback on Trial 1, a correct response on Trial 23 
of a two-alternative VD task is dependent upon the 
recall of two pieces of information, i.e., a response 
and its accompanying outcome. This hypothesis 
was tested in the present study by reminding 5 on 
Trial 2, of either his reponse or the outcome associ- 
ated with it, in a manner similar to Buchwald. It 
was reasoned that either reminder should reduce 
the number of elements that S had to recall, and 
consequently increase the probability of a correct 
response in both response and outcome reminder — 
conditions. E 

Method. The Ss were 12 introductory psychology 


students tice University. All had volunteered 


to partici; ..e. 
Using e within-Ss design, two trials of a two- 
alternati VD task were given in each of three 
- experim: conditions. In all three cases, identical 
"Trial 1 i uctions specified both the nature of the 
task anc meaning of "nothing" in the context 
of right hing (RN) feedback. On the second 
trial, S -ither reminded of his Trial 1 response 
(Condit RR), reminded of the outcome of his 
Trial í ponse (Condition OR), or given an 
informa: less test trial (Condition RN). Since 
there w six possible orders of each of the three 
treatm , two such completely counterbalanced 
orders used in conjunction with the 12 Ss (Ss 
were r mly assigned to treatment sequences). 
Each lition occurred first, second, and third 
exact! nur times, each being preceded by and 
preced ‘ach other an equal number of times. 

Thr sts of 24 pairs each were constructed from 
low t edium frequency (20-49 occurrences per 
millio ouns selected from the Thorndike-Lorge 
(1944 bles. Formal, as well as meaningful simi- 
larit; s minimized both within and between 
lists. — he lists were also equated in terms of fre- 
quen ilue. The order of the lists was random- 
ized :ately for each S. 

Ea list was presented orally, using a tape 
recor at the rate of 5 sec/pair. Within an 
exper :ental session, a 2-min. interval separated 
each. iheconditions. Trial 1 feedback instructions 
were :dministered during these 2-min. intervals. 
"Tria; ? test instructions were administered during 
à l-;in. intertrial interval. In the case of the 


remi-der conditions (RR and OR), instructions 
relevant to the Trial 2 feedback were also adminis- 
tered during this 1-min. interval. 

Tie Ss received RN feedback on Trial 1 in all 
conditions. In accordance with this method of 
feedback E said "Correct" when S was correct 
and said nothing when S was incorrect. The 
meaning of nothing was clearly specified. Prior to 
the second trial in Condition RR, S was informed 
that he would be reminded of his previous response 


| to each pair of items, The instructions attempted 


to make it clear that this information would be 
provided for all pairs regardless of whether his 
previous guess had been correct or incorrect. 
Prior to Trial 2 of Condition OR, S was told that 
following the presentation of each pair of items, he 
would be told if his previous response had been 
correct or incorrect. His task was then, as it was 
in Condition RR, to give the response he then 
believed to be correct. The second trial of Condition 
RN was an informationless test trial. 

Of the 24 pairs in each list, half were randomly 
designated as ‘‘correct,” so that S's response to these 
Pairs, regardless of the item he chose, would be 
Correct, All responses to the remaining word pairs 
Were “incorrect.” This procedure insured that 
conditional response probabilities did not reflect 


_ the ease or difficulty of particular items. 
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TABLE 1 
MEAN CONDITIONAL PROBABILITIES OF A CORRECT RESPONSE 


ON TRIAL 2 GIVEN A CORRECT AND AN 
INCORRECT TRIAL 1 RESPONSE 


Mean Probabilities 


Trial 1 
response ; 
: Right- Response Outcome 
nothing reminder reminder. 
Correct -620 -619 413 
Incorrect 1595 1669 -761 


Results. The mean number of correct responses 
on Trial 2 for Condition OR (outcome reminder) 
was 18.42, for Condition RR (response reminder) 
the mean was 15.50, and for Condition RN (no 
reminder) it was 14.58. A repeated measures 
analysis of variance yielded F (2, 22) = 27.01, 
p <.01. Duncan's multiple range test indicated 
that the difference between Conditions OR and RN 
was significant (p < .01), as was the difference 
between Conditions OR and RR (p < .01), How- 
ever, the difference between Conditions RR and 
RN, while in the hypothesized direction, only 
approached significance (p <.1). A consistent 
pattern of results emerged when treatment com- 
parisons were restricted to either the first, second, 
or third list individually. For example, when 
restricted to the initial list, the treatment means 
were 18.92, 15.08, and 14.50 for Conditions OR, RR, 
and RN, respectively. 

The mean conditional probabilities of correct 
responses on Trial 2 given (a) a correct and (b) an. 
incorrect Trial 1 response are given in Table 1. A 
repeated measures analysis of variance was come 
puted separately for the two categories of condi- 
tional probabilities, ie., for correct and incorrect 
Trial 1 responses. Each analysis was based on an 
equal number of items (each .S contributed 12 
items in each category) since E imposed a 5046 
success rate on Trial 1. The F (2, 22) values were 
15.92 and 14,09 for correct and incorrect Trial 1 
responses, respectively. These values were both 
significant (P «.01) The Duncan’s range test 
indicated that in the case of a correct Trial 1 
response, the probability of a correct response on 
Trial 2 is greater in Condition OR than in both 
Conditions RN and RR (p < .01). Conditions RR 
and RN yielded nearly identical correct response 
probabilities. In the case of an incorrect response 
on Trial 1, the probability of a correct Trial 2 
response in Condition OR was greater than its 
corresponding probability in both Conditions RN 
and RR (p «.01) The probability of a correct 
Trial 2 response was also greater in Condition RR 
than RN (p < .05). 

Discussion. If performance on the second trial 
of a two-alternative VD task is attributable to the 
recall of response and outcome elements, then 
providing S with either piece of information on 
Trial 2 should increase the probability of a correct 
response. The results of the present study are not, 
however, entirely consistent with this expectation, 


A 
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A Trial 2 outcome reminder was found to produce 
significantly more correct responses than a Trial 2 
response reminder. When compared to a regular 
RN procedure, a response reminder did not signifi- 
cantly improve performance, whereas an outcome 
reminder did. 

An analysis of the conditional probabilities in 
Table 1 indicates that any benefit deriving from a 
Trial 2 response reminder was restricted to in- 
correct Trial 1 responses. It is reasonable to assert 
that following an incorrect Trial 1 response, S 
engages in rehearsal of the correct alternative (cf. 
the frequency theory of VD learning, Ekstrand, 
Wallace, & Underwood, 1966), i.e., S shifts his 
rehearsal from the incorrect to the correct alter- 
native. Such a shift occurs only in the case of 
incorrect Trial 1 responses. If one assumes that S 
can accurately recognize his Trial 1 response, a 
Trial 2 response reminder might serve to inform 
S that he has shifted his rehearsal strategy. This 
interpretation suggests that only outcome informa- 
tion is useful in enhancing S's performance on the 
VD task. The response reminder is useful only 
insofar as it conveys information relating to the 
outcome of the previous trial, i.e., S's observation 
of a shift in rehearsal strategy. This interpretation 
rests upon the assumption that when .S is tested on 
"Trial 2, he finds it much easier to identify his Trial 
1 response than its corresponding outcome. 

— This assumption was tested by presenting two 

different lists of 24 noun pairs (used previously) 
— to each of 10 Ss who volunteered to participate. 
All of the methodological details of the previous 
study are applicable to the present procedure. 
Using a within-Ss design, all Ss served in two 
experimental conditions. The Trial 1 RN instruc- 
tions used in both conditions were those specified 
- previously. On Trial 2, Ss were told to either (a) 
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state whether they had been correct incorrect — 
on their first trial response, or (è which 
member of each VD pair they had c: Trial 


1. The two experimental lists as we) 5 two 
experimental conditions were ad i oin 
counterbalanced order and no ori were 
observed. 

Results indicated that Ss were abie i vlorm 
with 82% accuracy when ask p their. 
previous responses. However, ti were 


only correct 60% of the time wt 
whether they had been correct < 
mean number of correct responses 
former condition and 14.5 in the 
correlated observations, £ (9) = 
These findings were not restricted 
ences were apparent between conditio: 
2 responses were conditionalized upon « 
incorrect Trial 1 responses, 


Apparently the recall of a previous res eisa 
relatively trivial task for S, while the re of the 
outcome associated with that respons: not. 
These results suggest that S's recognition form- 
ance in the usual VD task is strong! ndent 

il the 


upon the probability with which he can : 
outcome associated with his Trial 1 res; 
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C: Jer (1968) has shown particularly clearly 


that -e location of the repeated elements in the 
strive places a restriction on the generality of the 
RE all conditions supporting the RE, two or 
mor. lifferent items separated the two occurrences 
of t^^ repeated element. Another restriction is 
imp! >d by the outcomes of two recent studies of 


the ^ in which the strings were composed of items 
samj ‘ed from vocabularies either of small or large 
inrichs, Mewaldt, & Redding, 1973; Jahnke, 
A reliable RE was obtained with the small 
lary (of letters and words, respectively) of 
each study. However, with the large vocabulary of 
letters, the RE almost disappeared and with an even 
larger vocabulary of words, there was marked facili- 
tation of the recall of the repeated elements. A 
primary purpose of the present study was to deter- 
mine the range of size of vocabulary of words that 
supports the RE. 

Method. The Ss were 63 undergraduate students 
enrolled in the introductory psychology course at 
Miami University. None had previously partici- 
pated in an experiment on short-term memory. 

Stimuli were strings of 7 words presented se- 
quentially at the rate of 1 word /sec on a Stowe 
P memory drum. Four sets of 12 strings, each set 
drawn from a vocabulary of different size (8, 10, 14, 
i 
4 
| 


Or 78 words), were presented to each S. There was 
à 2-min. rest period between sets, and the intertrial 
interval within sets was approximately 8 sec. 

The stimulus items were common three- and 
four-letter nouns chosen from Thorndike and Lorge's 


‘Th t study was supported by Grant GB-28702X 
from the National Science Foundation to Miami mvaa 
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the vocabularies used in 
the experiment were derived from a basic set of 
approximately 300 different words. First, four 
different subsets of 78 words were chosen from the 
basic set; this permitted a given word to occur in 
no more than one of the 12 strings that represented 
this condition (Condition 78). From each of the 
four sets of 78 words, a set of 14 was chosen (Condi- 
tion 14), then from each of the sets of 14, 10 words 
were chosen (Condition 10), and from each of the 
sets of 10, 8 (Condition 8). Within each set within 
each vocabulary condition, half of the strings in 
each successive block of four trials (strings) were. 
control strings that contained all different words, 
and half were experimental strings that contained 
a repeated word in Serial Positions 2 and 5 or 3 and 
6. The order of the strings was random, except for 
the restrictions that a 2 and 5 (or 3 and 6) string 
could not succeed itself and that there were no 
more than three control or experimental strings 
in a row. Obvious associations between words in a 
string were avoided. In all conditions the last 
word of one string was never the first word of the 
next, the repeated word in one string was never 
the repeated word in the next, and a given word 
could not appear in the same serial position on 
consecutive trials. 

The Ss were randomly assigned to experimental 
conditions except that approximately equal numbers 
of men and women were assigned to each of the sets 
of words within each vocabulary condition, The 
order of presentation of the four vocabulary condi- 
tions was in accordance with a balanced Latin 
square design, and different words were included 
in the four vocabulary conditions presented each S, 
The S was instructed to read each word aloud as it 
appeared in the window of the memory drum, and 
then to recall orally the words from memory in the 
order in which they had appeared. If a word could 
not be recalled, S was instructed to say "blank" in 
place of that word. 

Results and discussion. The recalls of critical 
items (repeated and corresponding control words) 
were tallied separately for each S and experimental 
condition. An item was scored correct even if not 
recalled in correct serial position. These data 
showed that the effect of size of vocabulary was 
much the same for critical items in the two different 


“Journal of : verimental Psychology 
1974, Vol. , No. 1, 183-185 
RESTRICTIONS ON THE RANSCHBURG EFFECT : 
JOHN C. JAHNKE? 
Miami University 
The Ranschburg effect (RE) was obtained only when the strings were com- 
posed of items drawn from a small stimulus vocabulary (8-10 words); with a 
slightly larger vocabulary (14 words), marked facilitation of the recall of re- 
peated elements was observed. This result places yet another restriction on 
the generality of the RE and is consistent with the view that concurrent intra- 
serial and interserial repetition is necessary to the RE. Finally, while small 
vocabularies could facilitate the development of guessing strategies that favor 
the RE, present results seem to show that guessing does not contribute heavily 
to the effect. 
In à vical study of the Ranschburg effect (RE), (1944) wordbook. All 

a seri { strings of items, each near the memory 

span ngth, is presented for recall. Some of the 

string itain a repetition of an item, and the RE is 

defin v the poorer recall of the repeated elements 

than onrepeated elements occupying correspond- 

ing = ! positions in control strings. The reli- 

abiliti f the phenomenon, as it relates to memory, 

js n well established (e.g., Crowder, 1968; 

Wic! en, 1965). However, as the boundary 

cond ons on the effect are becoming known, 

restr ons on the RE are increasingly apparent. 
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TABLE 1 
Proportion Correct RECALL OF CRITICAL WORDS at EACH STAGE OF PRACTICE 


Size of vocabulary 


x 


loci of repetition. A stage analysis disclosed no 
obvious effect of practice on the RE, except in 
ondition 8, where the magnitude of the RE was 
large early in the experiment and was small later, 
E (3, 59) = 3.22, p < .05. Therefore, the data for 
each size of vocabulary were aggregated across the 
two loci of repetition but not across the separate 
locks of trials. These data are presented sepa- 
rately for each vocabulary condition in Table 1 in 
terms of proportion correct recall. 
Table 1 shows that intraserial repetition had an 
inl itory (Ranschburg) effect on recall of repeated 
elements, relative to control, in Condition 8, 
essentially no differential effect in Condition 10, 
id a facilitative (von Restorff ?) effect in Conditions 
-14and 78. The magnitude of the RE was significant 
in Condition 8 for the data aggregated over all four 
blocks of trials, s = 3.48, p < .01, by a Wilcoxon 
i iched-pairs signed-ranks test for large samples. 
corresponding data for Condition 10 gave 
9, p > .05. The facilitative effect of intraserial 
tition was significant for both Conditions 14 
78, z = 2.52, p < .05, and z = 6.22, p < .01, 
pectively, again by Wilcoxon tests for large 


ite Wilcoxon tests showed that Ss receiving 
ion 8 as either the first or second of the 
lary conditions manifested a significant RE, 
» N= 15, p <.05, and T = 1.5, N = 16, 
1, respectively. When Condition 8 was 
the third or the last of the vocabulary condi- 
Da other hand, the RE was not significant, 
Ede 15, p > .05, and T = 45, N = 13, 
05, espectively. It may be speculated that 
ist some Ss receiving Condition 8 late in the 
ment had learned something of the structure 

of the experimental strings, particularly from their 
Service in Conditions 14 or 78, and were aware of 
.. the occurrence of repetition in a. string. Attention 


to this dimension of encoding could facilitate 


rformance on repeated elements as the experi- 
nt progressed; such . i 
E Cond S 1$ most apparent 
Table l also shows that the performance on 
ol elements, averaged over all four stages of 
1 aci ice, declined considerably as size of vocabulary 
increased, F (3, 186) = 52.19, p < 01, Perform- 


8 10 14 
Difference Difference 

E c (RE) E c E) E [o 

1 58 »65 —.07 62 +62 00 60 55 

2 «55 73 —.18 59 464 —.05 61 56 

3 64 E —.09 64 464 -00 E 61 

4 68 69 —.01 68 65 03 64 58 

M 61 70 —.09 63 64 —.01 61 Er 
Note. Abbreviations: E = experimental, C — control, and RE — Ranschburg effect. 


ance on repeated elements was not à ! 
size of vocabulary, F (3, 186) = 1.61, ù > 
The present data, when taken in conju 
those already in the literature, indicat 
RE is a phenomenon restricted to a nar: 
boundary conditions. First, repeated ite 
be separated by two or more differ: 
Second, the stimulus strings must be « 
items drawn from a single, small va: 
items. Third, Ss apparently must receiy 
of such strings: The inhibitory effect of 
repetition develops rapidly with trials 
1972), and, therefore, seems also to res 
current interserial repetition. Thus, the : 
effect of intraserial repetition seems quite 
at least in studies of memory, and is !ik 
different from that seen, for example, i 
and spelling, in which short-term memor 
minimally involved (e.g., Lecours, 1966). 
Hinrichs et al. (1973) have advanced the i prè- 
tation that the RE and its rapid developme::: over 
the first few trials of an experiment are a re{‘ection 
of S's bias to produce nonrepetitions as gu 
to restrict those guesses to the stimulus voc 
The fact that performance on nonrepeated (co: 
critical items was found to decline with incr 
vocabulary size is consistent with this view. When 
Sis uncertain of an item, guessing will be from the 
pool of items not yet output in recall, and with 
larger vocabularies, the probability of a correct 
guess may approach zero. If, however, guessing 
does contribute strongly to the RE, one might 
expect that Ss who guess more frequently ought to 
show both a greater RE and more overt errors, since 
all guesses cannot be correct. A corollary to this 
prediction is that Ss who make few, if any, overt 
errors should evidence little or no RE, 
Neither of these expectations is supported by the 
present data. The product-moment correlation 
coefficient between magnitude of the RE and 
number of overt errors was not significant in 
Condition 8, either when the data for all 63 Ss 
were considered or when the analysis was based only —— 
on the 31 Ss who received Condition 8 in the first — 
or second stage of the experiment and for whom a — 
significant RE was found, r (61) = +.05 and 
r (29) = — .27, respectively, p > .05 in each case. 


ion of 
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Second, scere were 16 Ss in the present study, each 
of whc: nade 3 or fewer overt errors in their recall 
of the > strings in Condition 8. For these Ss, who 
hadan verall overt error rate of 2.3%, the propor- 
tion r I] of repeated elements was .56 and of 
corres: oding control elements, .66. The corre- 
spond . data for the 18 Ss who made 9 or more 
overt rs each (maximum of 17 errors) and who 
had : verall overt error rate of 14.7% of all 
poss: responses, were .59 and .69. The absolute 
magi ide of the RE was —.10 in both these cases 
and : value near that shown in Table 1 for all 
63 s While there is little reason to doubt that 


Ss n "guess" when uncertain of the result of a 
searc -f memory, the present data seem to indicate 
that stricted guessing strategies of the sort 
con:  -red here need not contribute heavily to 
the 
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MULTIPLE RETRIEVAL PATHS AND LONG-TERM RETENTION ! 


THOMAS O, NELSON? anp CHARLES C. HILL 
University of Washington 


Long-term free recall was compared for 5s who learned either multiple retrieval 
paths (MPs) or a single retrieval path (SP). During acquisition, all Ss serially 
learned one order of unrelated words. Then MP Ss serially learned a second 
order of the same words, while SP Ss spent an identical number of trials over- 
learning the original serial order. Even though the two conditions had the 
same number of exposures to the items during acquisition, 7 wk, later MP Ss 
had 23% higher free recall than SP Ss. This finding and the results of subse- 
quent analyses demonstrate that multiple retrieval paths, rather than interfer- 
ing with each other, facilitate long-term retention. 


In free recall, some kind of organization is typi- 
cally imposed on the to-be-remembered items, even if 
they are unrelated (Tulving, 1962). Suppose that 
the acquisition session is of limited duration and a 
free-recall retention test is to occur sometime in the 
future. During the acquisition session, the learner 
can adopt either of the following two strategies after 
he has weaved all of the to-be-remembered items 
into a single organization: (a) he can repeatedly 
rehearse and overlearn that organization, thereby 
establishing one strong retrieval path (single path, 
SP); or (b) he can weave all of the items into a 
second organization, thereby establishing two re- 
trieval paths (multiple paths, MPs). Which 
strategy will produce higher long-term free recall? 

One possibility is that MPs will be superior to 
SP. This would be predicted by the variable-coding 
hypothesis (Melton, 1970) which proposes that a 
given item can be encoded in more than one way, 
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and recall is a positive function of the number of 
different encodings. For MPs, if one retrieval path 
is forgotten during the retention interval, the items 
can still be recalled by using the remaining retrieval 
path. For SP, there is only one retrieval path to 
begin with; if this retrieval path is forgotten, there 
is no second retrieval path to aid recall. 


Another possibility is that MPs will be inferior, - 


or at least not superior, to SP. This would be 
expected if, for MPs, the two retrieval paths 
reciprocally interfere with and erode each other 
during the retention interval. If such disruption 
of subjective organization occurs, subsequent re» 
trieval of the to-be-remembered items should be 
impaired for MPs. For SP, reciprocal erosion of 
retrieval paths cannot occur because there is only 
one retrieval path. 

Thus, the present experiment sought to determine 
whether the hypothetical advantage of variable 
coding is great enough to overcome the hypo- 
thetical disadvantage of interference between two 
retrieval paths during a long retention interval, 
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TABLE 1 


Mean NUMBER OF ORDERED DOUBLETS OBSERVED 
AND EXPECTED BY CHANCE 


Condition 
Measure Multiple paths 
- Single path 
First path |Second path 
Observed 4.30 4.08 AT 
Expected 58 712 72 


_ Method. The to-be-remembered items were 14 
- unrelated nouns from the AA list in the Thorndike- 
Lorge (1944) norms. Each word contained five to 
seven letters, and no 2 words began with the same 
* letter. A retrieval path consisted of a particular 
serial ordering of the 14 words. For Order A, the 
| 14 words were randomly ordered; for Order B, the 
- 14 words were randomly ordered except for the 
restrictions that (a) the serial position of a word 
in Order B was at least two positions away from its 
serial position in Order A, and (b) neither of the 
words adjacent to a given word in Order A was 
adjacent to that word in Order B. The Ss, 72 

— University of Washington undergraduates, were 
_ randomly assigned to either the MP or SP condition. 
The 36 MP Ss first learned the words in one serial 
order and then learned the words in the second 
— serial order. To insure that both retrieval paths 
‘in the MP condition were intact at the start of the 
6 retention interval, precautions were taken so that 
_ the first serial order was not unlearned during 
acquisition of the second serial order: This “main- 
tenance” of the first serial order was accomplished 
by having alternate trials (each trial consisting of a 
tudy phase and a test phase) on the first and second 
‘serial orders during the learning phase for the 
“second serial order. Meanwhile, yoked SP Ss first 
learned the words in one serial order and then had 


me 
-— 


E 


A 
. overlearning trials equivalent in number to the 


- total trials (including maintenance trials) used by 


MP Ss to learn the second serial order. T hus, the 


to devise a story to serially link the 14 words. 
During the study phase, the words were presented 
singly at a 5-sec. rate on a Stowe memory drum, 
_ followed by 30 sec. of number shadowing to insure 
that recall during acquisition would come from 
long-term memory rather than from short-term 
memory. During the test phase, S had 75 sec. to 
write as many words as he could in correct serial 
order. This study-test procedure was repeated 
until, on one trial, all 14 words were recalled in the 
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correct serial order. Then, as descri bove, the 
MP S serially learned the second orc criterion 
of one errorless trial while the yoke Si .5 had a 
corresponding number of overlearning : Finally, 
S was dismissed without being infor: hat there 
would be a subsequent retention test, a weeks 
later, S returned and had a self-pa e-recall 
retention test where he wrote in anv o s many 
of the 14 words as he could remen: tw: 

Results. The mean number of i; red to 
learn the first serial order was 3.17 5s and 
3.00 for MP Ss. The difference these 
means is not significant (F <1), su : that 
the SP Ss and MP Ss were approxima © same 
in inherent learning ability. The mea ber of 
trials (including maintenance trials) d by 
MP Ss to learn the second serial ord«i 4.61; 
this is also the mean number of overle: trials 
for the yoked SP Ss, 

Turning to the major finding of interes mean 
number of words recalled on the reteni st is 
significantly higher for MP Ss (2 han 
for SP Ss (X = 9.06), F (1, 70) = 025, 
The MP Ss recalled 23% more words : SP 
Ss, even though the amount of practic mber 
of exposures to the items had been the « ' the 


two conditions. 

To determine the locus of the retentio 
for MPs over SP, an examination was : 
organization displayed on the long-t 
retention test. First, consider the c 
SP Ss, and let the 14 serially ordered 
retrieval path be represented by the le: 
C, ..., N. If this retrieval path was 
during the retention test, then S’s out; 
should be comprised of the doublets AB, ©. ..., 
MN more often than would be expected 
basis of chance. For 14 items, exact 
182 possible doublets are ordered in acc 
the original serial order. Therefore, the 
number of ordered doublets expected by c 
S's recall protocol is 13/182 = .07 multiplied | 
where D is the total number of doublets recalic 
the number of items recalled, minus one). F 
S, this expected value of .07 D can be compared with 
the observed number of ordered doublets. As the 
first column of Table 1 shows, the mean ot 
value significantly exceeds the mean expected 
t (35) = 5.05, p < .001, showing that SP Ss do 
utilize the originally learned serial order as they 
retrieve items during the retention test. 

Next, consider similar organizational analyses for 
MP Ss, who originally learned two mutually 
exclusive serial orders. The second column of 
Table 1 shows that, for the MP Ss’ first retrieval 
path, the mean number of observed doublets 
significantly exceeds the expected number, ¢ (35) 
= 4.08, p <.001. However, the difference be- 
tween the observed and expected values for the MP 
Ss’ second retrieval path (third column of Table 1) 
is not significant, £ (35) = 2.00, p > .05. Actually, 
the observed mean is slightly lower than the ex: 
pected mean, perhaps because most of the MP Ss 
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organi» ion is in accord with the first retrieval 


path, reby reducing the amount of organization 
that c-. be in accord with the second retrieval path. 
If th: expected number of second-retrieval-path 
doub! is computed by letting D be the number of 
recal | doublets not in accord with the first re- 
triev path, then the expected mean (.43) is nearly 
iden: -l to the observed mean (.47). 


F ly, a direct comparison can be made of the 
SP organization and the MP Ss’ organization. 
The »portion of ordered doublets (i.e., number of 
ord: d doublets divided by the total number of 
dou ts) is not significantly different for SP and 


MF cs 4 (70) <1. Also, as Table 1 shows, the 
ab» ite number of ordered doublets was quite 
sim rforSPand MP Ss. Thus, there is no support 
for <e notion that the MP Ss’ retention advantage 
is © to the direct use of first one retrieval path 
ar then the other. Another possibility is that the 
fa tating effect of the second retrieval path is 
dco inordinate strengthening of the first retrieval 


p ^ during the maintenance stage of acquisition; 
t^ overcome competition from the second retrieval 
p h, extreme strengthening might be necessary to 
r intain the first retrieval path. However, the 
c anization data suggest that the MP Ss’ first 
r rieval path was not inordinately strengthened 
mpare the MP Ss’ first path with the SP Ss’ 
‘ily path in Table 1). Instead, the facilitating 
‘ect of having a second retrieval path seems to be 
< ie to the additional recall of unordered items (i.e., 
general rather than specific effect). In support 
this notion, the number of additional doublets 
ot ordered in accord with the SP Ss' only path or 
re MP Ss’ first path is significantly greater for 
“iP Ss (X = 6.03) than for SP Ss (X = 3.78), 
‘ (70) = 3.46, p < .001. As Table 1 shows, only 
.47 doublets of the MP Ss’ 6.03 additional doublets 
e ordered in accord with the MP Ss’ second 
retrieval path. 
Discussion. Multiple retrieval paths facilitate, 
rather than impair, long-term free recall. Although 
ihe MP Ss’ second retrieval path could be said to be 
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somewhat disrupted by proactive interference— 
recall was not ordered in accord with this retrieval 
path—it nevertheless had the general facilitating 
effect of producing extra unordered items. Further- 
more, the MP Ss’ second retrieval path did not 
retroactively interfere with the first retrieval path, — 
ie., ordered recall was not significantly different 
for the MP Ss’ first path and the SP Ss’ only path. 

Why did substantial interference fail to occur? 
For example, in a study by Bower, Lesgold, and ` 
Tieman (1969), massive interference occurred 
during acquisition when, on each study trial, S ` 
was forced to develop a new retrieval path (without . 
any precautions being taken to insure maintenance 
of previous retrieval paths). In the present study, - 
however, the alternation sequence during acquisition .— 
insured that both retrieval paths for MP Ss were 
intact at the start of the retention interval; this. 
prevented the second retrieval path from retro- - 
actively interfering with the first retrieval path 
even before the retention interval had begun (cf. 
Cofer, Faile, & Horton, 1971). Indeed, other data - 
collected in our laboratory indicate that multiple 
retrieval paths are beneficial only when safeguards 
are provided to maintain the first path during 
acquisition of the second path. As long as such — 
precautions are taken, however, long-term retention | 
is higher for multiple retrieval paths than for a 
single, overlearned retrieval path. 
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sent studies (Haber & Nathanson, 1969; 
iscik, Smith, Hamm, Deffenbacher, & Brown, 
72; Sitterly, 1968) have shown that improvements 
short-term retention of digit strings can be ac- 
plished by increases in digit duration as well as 
digit interval, the latter effect having already 
beer well established. In addition, Miscik et al. 
- found that digit duration interacted with retention 
n al in that the facilitatory effect of longer dura- 
i ns was greater at longer retention intervals than 
at shorter ones, Perhaps as Miscik et al. suggested, 
1 rehearsal time associated with longer digit 
made these items more resistant to for- 
ing at longer retention intervals. 
lot surprisingly, Miscik et al. (1972) also found 
É efficient encoding techniques (chunking) 
ed short-term retention of auditorily pre- 
digits. Somewhat less expected, however, 
inding that chunking the digits was con- 
ly superior to not chunking them at all digit 
ns and at all retention intervals. These two 


tions apparently cannot be explained in 
longer durations allowing more time for 
perate, as Ss were able to chunk effec- 
n the briefest duration (.5 sec); and (b) 
either increased resistance to forgetting 
ulus presentation or permitted more 
al regardless of retention interval. 
experiment attempted to determine 
he Mi al. (1972) findings also hold 
uation where digit strings receive a visual 
s uditory encoding. Digit strings are 
ted visually with Ss required to group them 
If an increase i CN duration from .5 sec. 
"sec et al. study was critical in 
erms of extra rehearsal time, it sould seem of in- 
terest to know whether parametric variations in 
. duration less than .5 sec. are also critical to rehearsal 
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SHORT-TERM RETENTION OF VISUAL SEQUENCES AS A FUNCTION : 
: STIMULUS DURATION AND ENCODING TECHNIQUE ! 


KENNETH A, DEFFENBACH E: 
University of Nebraska at Omaka 


` An earlier study had concluded that (a) facilitation of short-term recall fc: 
auditory digit sequences by increases in digit duration were due to increased 
rehearsal time available under these conditions, and that this extra rehea. 
time was more facilitative at longer rather than at shorter retention intervals; 
and (b) efficient encoding techniques improved recall regardless of retention 
interval length. The present study not only confirmed these conclusions for a 
situation where digit sequences received both a visual and an auditory encoding 
but also determined that the digit duration which is critical in terms of allow- 
ing significantly more rehearsal time is between .5 and 1 sec. 


time. Hence, the present experiment inclu: 
tional durations of .125 and .25 sec. 


Method. A total of 132 Harford Commu Zol- 
lege (Maryland) students, who were pai for 
their participation, were randomly assign: the 
between-Ss cells of a 4 X 3 X3 X 5 (Di ira- 
tions X Encoding Techniques X T ks 
X Retention Intervals) factorial design re- 
peated measures on the last two factors. | of 
digit duration were .125, .25, .50, and 1.0 sec ee 
different encoding techniques were emp no 
chunking, chunking by twos, chunking | es. 


Within each of the three blocks of 10 trials, vere 
tested for tetention twice at each of five rc 
intervals, 1, 2, 4, 8, and 16 sec. 

Each six-digit string was randomly ge ted 
using the Grayson-Stadler SCAT computer «y! 
with the restriction that none of the digits ir 
occurred twice and zeroes were excluded. + "iis 
were projected one at a time onto a 3.8 X 4.5 «n. 
frosted-glass display surface such that a dic: was 
seen as an outline of light against a dark background 
(Industrial Electronic Engineers rear-projection :lis- 
play). Each visual display was contained in a table 
top cubicle which had approximately a 30 X 60 cm. 
area for S’s reading and marking activities. 

The Ss were required to read scrambled alphabet 
sheets during the retention intervals to minimize 
rehearsal. Each sheet contained 135 randomly se- 
lected capital letters (excluding J and OQ) in three 
double-spaced rows of 45 letters each. Within each 
group of 5 consecutive letters, the letter C had been 
randomly inserted to replace one of the originally: 
selected letters. Near the bottom of each sheet were 
six blanks for S to insert the six-digit number seen 
prior to the start of the interpolated activity. 

As there were six experimental stations, Ss were 
seen in groups of either five or six. Not only was 
this a more efficient method but an unpublished 
study by the first author had shown that Ss read 
significantly more letters and canceled significantly 
more Cs when tested in groups than when tested 
individually (ps < .001). It should be noted that Ss 
in the present study were reading the letters aloud 
into an inactive microphone. Thus, the group tech- 
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Interval interaction. 


ue was used in that it would more likely ensure 

it Ss were devoting maximal effort to the inter- 

‘ated task. 

The trial structure was as follows: (a) presentation 

a 300-msec. 4-kHz. t (b) 3 sec. after this tone, 

esentation of the digits one at a time on the dis- 

vy screen for the appropriate duration and at a 

mstant .25-sec. interdigital interval; (c) .25 sec. 

iter the last digit, presentation of a 300-msec. 

5-kHz. tone signaling 5 to begin reading the letters 
loud as rapidly as possible consistent with accurate 
ancellation of the Cs; (d) sounding of a buzzer, 
ignaling S to stop reading and to write the digits in 
he appropriate blanks; and (e) an 18-sec. interval 
»etween the buzzer and the 4-kHz. tone. Within 
vach consecutive five-trial block, Ss were tested once 
at each retention interval in a randomly determined 
order which was constant for all Ss. 

The Ss were instructed to chunk aloud. Chunk- 
ing-by-three's Ss were told to group the digits only 
by threes; chunking-by-two's 5s were to group them 
only by twos; no-chunking Ss were not to group 
them in any way but were simply to pronounce them 
as a string of six separate digits. There were 20 
practice trials on. the complete task, preceded by 10 
trials of practice on just the interpolated activity. 

Results and discussion. An error was scored each 
time S failed to recall a particular digit in its correct 
serial position. Mean proportions correct for the 
.125-, .25-, .50-, and 1.0-sec. digit duration condi- 
tions were .44, .47, .44, and .52, respectively; the 
main effect of digit duration was significant, F (3, 
120) = 3.90, p < .025. Simple effects and New- 
man-Keuls analyses of the Digit Duration X Trial 
Blocks interaction, F, (6, 240) = 2.53, p < 025, 
indicated that the .125-, .25, and .50-sec. conditions 
did not differ among themselves, but that each was 
significantly different from the 1.0-sec. condition 
(ps «.05). Thus, the "minimum" duration for 
effective rehearsal under the present conditions 
would appear to be more than .50 sec. but less than 
1.0 sec. The duration effect in both the Miscik et al. 
(1972) study and the present one might well be due 
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to Ss not even attempting or not being able to coi 
plete a rehearsal during digit presentation. unless th 
minimum duration is exceeded. Analysis of digit 
duration as a function of retention interval. resulted. M 
in an interaction that only approached significance ' 
at the .05 level, F (12, 480) = 1.69, p < .07. None: 
theless, an inspection of Figure 1 reveals that th 
is, as in the earlier Miscik et al. study, at least so 
tendency for a digit duration longer than the mini- — 
mum to be more facilitative of recall at longer reten- 
tion intervals than at shorter ones. Again, as digit - 
duration and encoding technique did not intera 
there is no reason to suppose that a 1.0-sec, digi 
duration facilitates recall by allowing more time for 
efficient encoding techniques to operate. 
Not surprisingly, there was a main effect of rete 
tion interval, F (4, 480) = 368.27, p < .001. 
expected, too, efficient encoding techniques improved. 
recall, F (2, 120) = 13.23, p « .001. Means were 
.39, .48, and .52 for the no-chunking, chunking-b; 
two's, and chunking-by-three's conditions, respec- 
tively. Simple effects and Newman-Keuls analyses 
of the Encoding Technique X Retention Interva 
interaction (Figure 2), F (8, 480) = 6.14, p < p 


indicated that chunking by twos or threes was 
always superior to not chunking, and that while - 
chunking by threes was superior to chunking ue 


E 


twos at 1- and 2-sec. retention intervals, this rela- - 
tionship was reversed at 16 sec. (all specific compari- 
sons’ ps < .05). Though a 0-sec. retention interval 
was not included in the present study, it can still be 
argued (albeit less directly than in the earlier Miscik | 
etal., 1972, study) that efficient encoding techniques 


seem either to increase resistance to forgetting during 1 


these differences as the forgetting curves for the 
three conditions decay at roughly similar rates, A 
possible explanation can now be offered for the 
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Ficure 2. Encoding Techniques X Retention 
Interval interaction. 


: other hand, oct his error score i, 
uperiority only two. 
e condition might be ex- The only other significant effects we 
Í S: aving to retrieve a six-digit Blocks X Retention Interval, F (8, 968 
| only two storage locations while p< -001, and Encoding Technique X iwi: 
n -by- two’ eras to retrieve from three X Retention Interval, F (16, 960) = 1.04, 
This assumes that retrieval from Given that the pattern of results in the pr 
er storage locations i is a more error-free process is virtually identical to that of the M 
etrie from a larger number. Anintrachunk — (1972) study, it is concluded that the fr 
ference hypothesi somewhat similar to Melton's the earlier study also hold for the situation 
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'oked. to expla e subsequent loss of the initial encoding. 
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DIVIDED ATTENTION AND HIGH-SPEED MEMORY SEARCH? 


RONALD OKADA? 


Atkinson College, York University, Downsview, 
Ontario, Canada 


A memory search experiment was 
In the control condition, each item 
often. In the experimental 
more often than the remaining items. 


responses increased linearly with set size in both con 
values did not differ. This result suggests that th 


search was equivalent for the two coi 


condition, the frequently tested item was ret 
remaining items. This finding is inconsistent with an exh 


] condition, one item in the memory set was tested 


DAVID BURROWS 
State University of New York College at Brockport 


conducted using a fixed-set procedure. 
in the memory set was tested equally 


Reaction time for positive and negative 
ditions and the four slope 
overall rate of memory 
However, in the experimental 
rieved more quickly than the 
austive search model. 


nditions. 


An alternative model involving a parallel search process is outlined. 


Can people use strategies to improve the 
efficiency of their retrieval from short-term 
memory? There appear to be two con- 


flicting lines of evidence, and the present- 


paper attempts to reconcile these conflicts. 
Sternberg (1966, 1969) has suggested that 
"retrieval of information from short-term 
memory consists of an exhaustive item- 
by-item search of memory. If Ss are given 
a retrieval task of deciding whether or not 
a test item was in a recently presented 
memory list, the reaction time (RT) for 
the required response is a linearly in- 
creasing function of the number of memory 


items, and the slope of the linear function, 


l'This research was supported by National Re- 
search Council of Canada Grant A8266 to the first 
author and grants APA-146 from the National 
Research Council of Canada and OMHF-164 from 
the Ontario Mental Health Foundation to Bennet 

5 dock, Jr. : 
" f pie 5 reprints should be sent to Ronald 
Okada, Department of Psychology, Atkinson Col- 
lege, York University, 4700 Keele Street, Downs- 
view, Ontario, Canada M3J 2RT. 


is equivalent for positive and negative 
responses. The linear increase suggests 
the item-by-item search; the exhaustive- 
ness follows from the equivalent slopes, 
a finding that would not occur if the 
search were terminated whenever a match 
between a memory item and the test item 
was found. An exhaustive search implies 
that retrieval of any particular item of 
information cannot be favored by any 
strategy. Since every item must be 
checked before a response is made, the 
mean RT for responses to all memory set 
items should be equivalent. Checking any 
particular item first or ordering the series 
of comparisons will not increase efficiency. 
On the other hand, there are data from 
a variety of RT experiments involving 
memory retrieval that demonstrate sys- 
tematic differences in RT for different 
memory set items. In particular, the serial 
position of a memory item at input leads 
to differences in RT (Burrows & Okada, 
1971; Klatzky, Juola, & Atkinson, 1971; 


191 


$ 


Klatzky & Smith, 1972; Wingfield, 1973), 
stimulus probability is inversely correlated 
with RT (Hawkins & Hosking, 1969; 
Hyman, 1953; Krueger, 1970; Theios, 
Smith, Haviland, Traupmann, & Moy, 
1973), and sequential dependencies among 
_ test items affect RT (Hyman, 1953; Re- 
mington, 1969). While these effects may 
be attributed to stages of stimulus proc- 
essing other than memory search, they 
` raise the possibility that factors such as 
stimulus probability may lead to strategies 
-that alter the efficiency of search. 

The present experiment is an attempt 
to see whether search strategies can alter 
the efficiency of the search process itself. 
In order to demonstrate such an effect, it 
_ 48 necessary to show that RT as a function 
of set size has a less steep slope for ‘‘fa- 
- yored”’ items than for *'nonfavored" items. 
| In other words, some factor that affects 
| RT must be shown to interact with set 
Size. An effect that does not interact 
with set size can be attributed to stimulus 
encoding, response generation, or some 
Stage of processing other than memory 
Search. None of the studies mentioned 
above has demonstrated such an inter- 
action. The present experiment attempted 
to do so by manipulating stimulus proba- 
bility using a Sternberg fixed-set memory 
` retrieval paradigm, 


METHOD 


Subjects. The Ss were four undergraduate stu- 
‘dents attending the University of Toronto. Each 
(S was tested for eight sessions and paid $2 per 
n session. 

Apparatus. Stimuli were generated by a PDP- 
| 12A computer and displayed on the computer's 
. cathode ray tube (CRT). The Ss responded by 
pressing one of two telegraph keys, which were 
interfaced with the computer so that the accuracy 
and RT for each response could be obtained directly 
by the computer, 

- Procedure, The S was seated in front of the 
CRT. Items (letters of the alphabet) constituting 
the memory set currently being worked on were 

' displayed on the screen. These items remained 
on the screen until $ responded on the teletype 
keyboard to indicate that testing could begin. On 
each trial, a warning signal (***) appeared on the 

- screen for 1 sec., followed by a test item, The S's 
task was to decide, as quickly as possible while 
avoiding errors, whether or not the test item was 
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a member of the previously displayed memory set. 
The S responded by pressing one of two telegraph 
keys which were placed in front of him. After 
60 trials were completed, a new memory set was 
displayed on the screen and S again initiated 
testing after he had learned the memory set. In 
any given session, there were four such blocks o. 
60 trials and the values of memory set size wert 
2, 3, 4, and 5. The items that constituted th 
memory set were different for each of the four 
blocks; in addition, none of the 14 memory set 
items within a session was used as a negative item 
For all set sizes, negative items were randomly 
selected from the 12 letters remaining after thc 
four positive sets had been constructed. 

There were two conditions. In the control cor 
dition, half of the trials were positive trials wher 
the test item was in the previously memorized « 
and half of the trials were negative trials. O 
positive trials, each memory item was prob. 
equally often. "This manipulation assures that . 
tention is divided more or less equally among t 
memory items. In the experimental conditi 
S's attention was focused on the first item in 
previously learned set by making a probe for : 
item a highly probable event. The first item 
probed on 60% of all positive trials. The rem 
ing positive probes were divided equally am 
the remaining memory items. Thus, for Set Sir: 3, 
the first item was probed on 60% of positive 
and the remaining two items were e 
on 20% of the positive trials. 
split was 60%, 13.3%, 13.3%, 13.34 
probability of a positive trial was .5 as in th 
control condition. Each S was tested under bot! 
experimental and control conditions. Four of the 
eight sessions were experimental and four control, 
with the order of conditions across sessions 
counterbalanced. 


The ove: 


RESULTS 


The mean error rates were 1.5% for 
both the experimental and control condi- 
tions. In addition to being quite low, the 
error rates did not vary with set size, type 
of response, or probability of response in 
any systematic way. Incorrect responses 
were excluded from the RT analyses. 

Figure 1 shows mean RT as a function 
of set size for both the experimental and 
control conditions, with separate functions 
for positive and negative trials. The fitted 
straight lines and equations were obtained 
by least squares linear regression. In all 
four cases, the straight lines provide good 
fits to the data. 

Tests performed on the fitted functions 
indicated that the slopes for the positive 
and negative functions do not differ for 


either the experimental condition, F (1, 4) 

= 5.20¢ns, or the control condition, F (1, 4) 

= 2.11, ms. With positive and negative 

responses combined, the experimental con- 

dition yielded a slope of 13 msec/item and 
the control condition a slope of 15 msec/ 
item. Finally, tests showed that the four 
functions do not differ from one another, 
F (3, 8) = 2.20, ns. It appears that the 
usual equality of slopes for positive and 
- negative trials holds for both conditions, 
thus indicating exhaustive scanning. The 
‘lack of difference between the conditions 
indicates that the overall rate of memory 
- search is equivalent for the two conditions. 
_ Figure 2 shows mean RT as a function 
_ of set size for positive trials only. Sepa- 
rate functions have been plotted for those 
trials on which the first item in the mem- 
ory set was tested and those trials on 
which any one of the remaining items was 
tested. ^ The left panel shows the func- 
tions for the experimental condition and 
the right panel the functions for the con- 
trol condition. The fitted straight lines 
"were obtained by least squares linear re- 
gression. Again, the fits appear to be 
reasonably close. For the experimental 
condition, the slope for the first item is 
one-fourth as steep (5 msec/item vs. 20 
msec/item) as for the remaining items. 
This difference is significant, F (1, 4) 
= 81.54, p «.01. The corresponding 
functions for the control condition have 
identical slope constants of 16 msec/item, 
which do not differ, F (1, 4) <1. Clearly 
there is an interaction of stimulus proba- 
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set size for the first item in the positive set and. 
the remaining positive set items. 


bility with set size: Items that are fre- 
quently tested are not affected nearly as 
much by set size as items that are rarely 
tested. When frequency differences are 
eliminated, as in the control condition, the 
interaction completely disappears. 


DiscussioN 


The results for the experimental condition 
are unequivocal: The rate of retrieval from 
short-term memory for frequently tested items — 
is greater than that for rarely tested items, 
Frequency differences enable Ss to conduct 
more efficient searches, resulting in the Fre- 
quency X Set Size interaction. It is equally 
clear that the results pose a dilemma: The 
equality of positive and negative slopes in the 
experimental condition suggests that search 
is exhaustive. However, the difference in 
RTs to frequent and infrequent items is not 
possible if every item is to be checked on 
each trial. It is not possible to differentially 
initiate rapid responses to highly frequent 
items if any response must wait until all items 
are checked. Clearly, some reformulation of 
the Sternberg search model is required. 
Theios et al. (1973) have proposed that in 
memory retrieval situations there is a self- 
terminating scan of all items used in the 
experimental setting rather than an exhaustive 
scan of positive set items only. Items are 
ordered in a "stack" with tags to indicate 
whether they are currently positive or nega- 
tive items. Furthermore, the ordering of the 
stack is determined by frequency of item 
occurrence. Since the underlying search proc- 
ess is self-terminating, with frequent items 
likely to be checked early, frequent items will 
be responded to quickly, and interactions 


between frequency and set size are possible. 
It is also possible to select parameters of this 
self-terminating model that yield the co-occur- 
rence of Frequency X Set Size interactions 
and equivalent positive-negative slopes. 
Theios et al. argue that these features make 
their self-terminating model more powerful 
than Sternberg's exhaustive model. Two 
main criticisms of the Theios et al. model can 
be made. First, since negative items are in- 
cluded in the search set, the model will not 
apply when the negative set items are not 
known to S before appearing as test items. 
If positive and negative set items are sampled 
without replacement from a large pool of 
items such as words, the Theios et al. model 
cannot be applied. Several retrieval experi- 
ments which used new materials on each trial 
and obtained the standard linear equal slope 
results have been reported (Banks & Atkinson, 
1973; Okada & Burrows, 1974; Rothstein & 
Morin, 1972). These results cast doubt on 
the generality of the Theios et al. model. 
A second criticism has been advanced by 
- Sternberg (1973), who has pointed out that 
self-terminating models must yield RT dis- 
tributions with particular properties. Such 
properties were not found by Sternberg when 
he analyzed data from retrieval experiments 
where the Theios et al. model should apply. 
An alternative to the Theios et al. (1973) 
model is suggested by evidence that separate 
serial scans can be executed simultaneously, 
- or in parallel under certain conditions. Bur- 
< rows and Okada (1973) demonstrated that a 
Search of semantic memory representations of 
a set of items can be executed at the same 
time as a search of formal or "physical" 
representations of the same set of items. 
Burrows and Okada (in press) suggested that 
an exhaustive scan of a physical representa- 
tion of a memory set can be executed in 
parallel with a slower, more strategy oriented, 
—Self-terminating search of more abstract rep- 
resentations of the same items. If parallel 
Scans of separate memory representations are 
carried out, a Tesponse can be initiated as 
Soon as one of the scans is completed, pre- 
sumably whichever one happens to be fastest 
on any particular trial. If we assume that 
an exhaustive scan of the positive set and a 
self-terminating scan of à set of items selected 
by S are initiated simultaneously, then the 
present results can be qualitatively (and 
_ quantitatively) explained. We assume that 
Ss arrange the self-terminating scan so that 
Írequent items are checked early in the se- 
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quence. This yields the faster times 
frequent items and the interaction with 
Size. It is easy to produce the parallel pos” 
and negative functions by choosing a; 
priate parameters for the model, Th. 
haustive scan accounts for Ss’ abilit, 
perform in cases where positive and neg 
items are sampled without replacement : 
may account for Sternberg's (1973) failure 
find distribution properties consistent with 
"pure" self-terminating model. Finally, som 
sort of dual model seems to be necessary t 
explain data from other experiments (Burrow . 
& Okada, 1973; in press), and therefore i: 
present use has some precedent. 

Whatever the adequacy of these variou 
models, it is clear that frequency facilitates 
the process of memory retrieval, and that 
any complete model of memory retrieval must 
deal with this fact. 
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by the reinforcing stimuli. 


The effects of disagreeing and agreeing 
: E "attitude statements have been conceptual- 
Es ized within a reinforcement framework by 

- several investigators (Byrne, 1971; Byrne 
& Lamberth, 1971; Golightly & Byrne, 
1964; Lamberth, Gouaux, & Davis, 1972). 
The negative affect induced by disagreeing 
attitudes has been investigated at some 
length (Lamberth, Gouaux, & Padd, 1973; 
- Lombardo, Libkuman, & Weiss, 1972; 
- Lombardo, Weiss, & Buchanan, 1972) and 
"appears to have many of the properties 
. usually ascribed to drive arousal within the 
Hull-Spence theoretical framework. 

The positive affect-arousing properties 
of agreeing attitudes have also been investi- 
‘gated, but the results are less clear. In a 
series of experiments, Lamberth et al. 
(1973) used the semantic differential to 
investigate the drive or affect-eliciting and 
Ec 0t 


! This study is based on the first author's master's 
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"AFFECTIVE AROUSAL AND ENERGIZATION PROPERTIES 
OF POSITIVE AND NEGATIVE STIMULI! 


JOHN LAMBERTH? 


Temple University 


Affect-arousing and energizing properties of positive and negative reinforcing 
stimuli were investigated. The Ss received positive evaluations (PE), similar 
attitudes (SA), neutral statements (NS), dissimilar attitudes (DA), or nega- 
tive evaluations (NE) presented on slides, 
entials were filled out by each S as a measure of affect. 
a paired-associate (PA) list composed of both noncompetitional and competi- 
tional pairs as a measure of energization level. Taylor-Spence drive theory 
predictions for performance on noncompetitional and competitional tasks 
provided a sensitive measure of relative drive reenergization levels induced 
Consistent with past research, semantic differential 
scores showed NE more powerful than DA in arousing negative affect and PE 
more powerful than SA in arousing positive affect. 
learning task showed a higher energization level for the NE condition than 
than for the DA condition. The PE and SA conditions were hypothesized to be 
energizing rather than drive reducing. 
condition showed a higher energization level than the SA condition, 


Pre- and postslide semantic differ- 
All Ss then learned 


Performance on the PA 


In support of the hypothesis, the PE 


reducing properties of similar and dis 
similar attitude statements and positiv. 
and negative evaluative statements, Nega 
tive affect was elicited by both the dis 
similar attitude statements and negative 
evaluative statements, while positive aff 
was elicited only by the more powert:: 
positive evaluative statements. 

Lombardo, Libkuman, and Weiss (1972) 
employed the design and theoretical pre- 
dictions of Spence (Spence, Farber, & 
McFann, 1956) in a study of the drive 
properties of disagreement and agreement. 
A competitional or a noncompetitional 
paired-associate learning task was pre- 
sented to Ss who had received agreement 
or disagreement. The Ss who had received 
disagreement showed a higher drive level 
by performing better on the noncompeti- 
tional list or worse on the competitional 
list than Ss who had received agreement. 
These results were interpreted to mean that 
disagreement was drive inducing and agree- 
ment was drive reducing. 

Lombardo, Libkuman, and Weiss (1972) 
used only one level of a hypothesized drive- 
arousing stimulus (disagreement). and one 
level of a hypothesized drive-reducing 
stimulus (agreement). Thus, it was im- 
Possible to determine from their results 
whether the two resulting drive levels were 
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; two aeu Scelta of positive or nega- 
tive affect or one stimulus that aroused 
positive affect and one stimulus that 
aroused negative affect. These results 
failed to show conclusively whether agree- 
ment was drive reducing or energizing. It 
is clear that the Lombardo method of 
manipulating arousal is escape conditioning, 
while the preliminary evidence indicates 
that the usual situation in an attraction 
experiment is appetitive conditioning (Lam- 
berth et al., 1972). 

The present investigation was designed 
to determine whether positive social stimuli 
(e.g., agreeing attitude statements and 
positive evaluative statements) are rein- 
forcing merely because they reduce some 
chronic aversive drive state (negative 
affect) or, alternatively, because they elicit 
some positive (qualitatively different) 
affect. The design of the present experi- 
ment made it possible to derive differential 
predictions from the two alternative views 
of these stimuli. Evaluative statements 
have been shown to be qualitatively 
identical but quantitatively more power- 
ful than attitude statements (Byrne & 
Rhamey, 1965; Clore & Baldridge, 1970; 
Lamberth et al., 1973). Positive evaluative 
statements should reduce a chronic aversive 
drive level more than similar attitude 
statements if they are merely drive re- 

ducing. Alternatively, if positive affect 
elicited by the positive stimuli has energiza- 
tion or arousal properties, the evaluative 
statements should elicit a higher energiza- 
tion or arousal level than the attitude 
statements. In other words, if similar 
attitudes show more arousal than positive 
evolutions, the positive stimuli must reduce 
some negative chronic drive state (eg., 
anxiety), but if positive evaluations show 
more arousal than similar attitudes, the 
positive stimuli must induce some positive 
affect arousal, ; 

Performance on the noncompetitional 
and competitional paired-associate (PA) 
lists of Spence, Farber, and McFann (1956) 
has been used extensively to investigate 
levels of various affective and motivational 
states considered analogs of the Hull- 
Spence drive state (Amoroso & Walters, 


1969; Cottrell, Riele & Wack, 196 
Lipsitt & Spears, 1965; Lombardo, Libku-: 
man, & Weiss 1972; Smith, 1969; Spence & 
Spence, 1966, Wateman, 1969). Perform: 
ance on the noncompetitional pairs 
facilitated by increased arousal level, while 
performance on the competitional pairs is 
hindered. The combination of semantic 
differential (self-report) scores and the PA 
learning task (behavioral measure) in the 
present experiment provided a comprehen- 
sive measure of the arousal and energization 
properties of positive and negative rein- 
forcing stimuli. It was hypothesized that 
positive and. negative reinforcing stimuli 
would arouse positive and negative affect, 
respectively, consistent with previous re- 
search. It was further hypothesized that 
evaluations would arouse more affect 
(positive and negative) than attitude 
statements. Finally, energization proper- ` 
ties of the positive and negative reinforcing 
stimuli were hypothesized to increase with, 
increased magnitude of reinforcement. 


METHOD 


The Ss were 75 University of Oklahoma introduc- 
tory psychology students who had filled out a 
12-item survey of attitudes 4-6 wk. earlier in the 
semester and who volunteered for the experiment, 
"They were randomly assigned to one of five groups. 
to be given (a) positive evaluative statements (PE), 
(b) similar itude statements (SA), (c) neutral 
statements (NS), (d) dissimilar attitude statements 
(DA), or (e) negative evaluative statements (NE) 
during the first half of the experiment. A sequence 
of assignment was determined from a table of 
random numbers and Ss were placed in the ap- 
propriate condition as they arrived at the lab. 
During the second half of the experiment all Ss 
received a (PA) learning task with the list materials 
identical to those of Spence et al. (1956). The list 
contained four noncompetitional pairs and eight 
competitional pairs of adjectives presented in three 
random orders on a Lafayette Model 303-B memory 
drum. The noncompetitional pairs were BARREN— 
FRUITLESS, LITTLE-MINUTE, RAVING-NORMAL, and 
TRANQUIL-PLACID. The competitional pairs were 
ARID-GROUCHY, DESERT-LEADING, PETITE-YONDER, 
UNDERSIZED-WHOLESOME, GYPSY-OPAQUE, MIGRANT— 
AGILE, QUIET-DOUBLE, and SERENE-HEADSTRONG. 
The anticipation method was used with a 2:2 sec. 
rate of presentation following Spence et al. Asa 
measure of affect, semantic differentials were given 
before and after the slide presentation. 

Subject sign-up sheets described participation as 
two short experiments. When Ss first reported 
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ie experiment, they were seated individually 


in small experimental rooms and told that since the 
experiments were short and the S pool was small, 
‘they would take part in two experiments in order 

to fulfill the time expected of them. The Ss were 
then told that the first experiment was to begin. 
The Ss receiving the evaluative statements were 
told that another student had looked at their 

^ attitude surveys and had evaluated them. The Ss 
d ‘receiving the attitude statements were told that 
` another same-sex student had filled out the attitude 
survey and they would see how this student had 
checked the various items. Both attitudinal and 
evaluative statements were presented by slides. The 
s were told that this was easier than presenting the 
actual Interpersonal Judgment Scale (Byrne, 1971) 
or survey and would further insure the anonym- 
ity of each S. Following this explanation, each S$ 
was asked to fill out a semantic differential indicating 
w he felt that very moment. The semantic 
ifferential used consisted of 6 pairs of bipolar 
ljectives: sad-happy, pleasant-unpleasant, nega- 
tive-positive, bad-good, high-low, and comfortable— 
icomfortable, Immediately after filling out the 
mantic differential, each S was shown the ap- 
opriate set of 12 slides projected on the wall 
irectly in front of him by a Kodak Carousal 
projector. Each slide remained on the wall for 8 
sec. and Ss were asked to read aloud the item 
hecked. After the slides were presented, the 
mantic differential was again given to each S. The 
s were told that the first experiment was finished, 
that the second experiment would begin shortly, 
ind were asked to remain seated. The slide pro- 
jector was removed from the room and a memory 
drum was placed on the table in front of S. Standard 
PA learning instructions were given, and a practice 
- list of 6 pairs of nouns was presented to familiarize 
—each S with the procedure. The Ss were then 
"Switched to the test list. Overt intrusion errors and 
~- Correct responses were recorded on the score sheets 
E. All Ss were run toa criterion of two successive 
| perfect trials for the entire 12-pair list. The attitude 
‘Survey that S had completed earlier consisted of a 

— 6point Likert-type scale with three strengths of 
endorsement on each side of the issue. The slides 
Ss saw were pictures of the entire attitude item 
with the appropriate blank checked. The evalua- 


oe à 
tions were the six items of the Interpersonal Juc: 
ment Scale. These evaluations are 7-point sca: 
that range from very favorable to very unfavoi 
concerning S's intelligence, morality, adjustme> 
and knowledge of current events, as well as his / 
likability and desirability as a work partner. 

Following the learning task, Ss were debrief 
with particular attention given to Ss who h 
received the NE slides. They were told that : 
evaluations were not actually of themselves Ù 
were merely a standard set necessary to create |! 
emotional state being investigated. All Ss we 
asked not to discuss the experiment for 3 wk. whii 
it was being completed. 


REsULTS AND DISCUSSION 


The direction and magnitude of chang: 
in the semantic differential scores indicate: 
that the experimental manipulation in the 
first half of the experiment was successful. 
As predicted, scores on the semanti 
differential increased in the PE and S^ 
conditions, but decreased in the DA ani 
NE conditions. Also, the magnitude o 
effect was greater for the evaluation state 
ments (PE and NE) than for the attitud 
statements (SA and DA). Table 1 contain 
means for the semantic differential score 
for the five groups. The first hypothesis 
ie. positive reinforcing stimuli arouse 
positive affect and punishing stimuli arous: 
negative affect, was clearly supported by 
the results. The second hypothesis, tha: 
evaluation statements arouse more affect 
(positive and negative) than attitude 
statements, was also supported by the 
results. Analysis of variance on semantic 
differential scores showed significant main 
effects for groups, F (4, 70) = 2.89, p 
< .03, and for the pre-post-slide change, 
F (1, 70) = 3.91, p < .05. The important 
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TABLE 1 


SEMANTIC DIFFERENTIAL MEANS AND STANDARD DEVIATIONS 
(IN PARENTHESES) 


Group 
Semantic differential 
x NE DA NS SA PE 
* Preslide 31.67 (6.21) | 33.53 (3.93) | 32.87 (5.33) | 33.33 (3.53) | 32.13 (5.64) 
| Postslide 25.53 (6.97) | 30.47 (5.50) | 33.33 (4.80) | 3440 (33 80 (4: 
Change —6.14 3.06 a6 s On oe er idR 


Note. Abbreviations in group names stand for the type of statement given to S: NE — i = 
mL SA = similar attitudes, and PE = positive evaluative. peanlte eve 


dissimilar attitudes, NS = neut: 


AFFECT-AROUSING AND ENERGIZING PROPERTIES OF REINFORCERS 


TABLE 2 


MEANS AND STANDARD DEVIATIONS (IN PARENTHESES) FOR ` 
TRIALS TO CRITERIA 


Group 
Pair type 
NE DA NS SA PE 
Noncompetitional 5.62 (1.14) 5.85 (1.60) 6.33 (2.15) 6.23 (1.58) 5.65 (1.24) 
Competitional 10.64 (1.89) 8.37 (2.27) 7.94 (1.89) 7.95 (1.90) 8.99 (2.26) 


Note. Abbreviations in group names stand for the type of statement given to $: NE = negative evaluative, DA = dissimilar 
attitudes, NS = neutral, SA = similar attitudes, and PE = positive evaluative. 


Groups X Pre-Post-Slide interaction was 
significant, F (4, 70) = 9.87, p < .001. 
Post hoc comparisons using Duncan's 
multiple-range test showed that a signifi- 
cant change (p < .05) occurred for the PE, 
DA, and NE groups but not for the SA 
and NS groups, which is consistent with 
previous research (Lamberth et al., 1973). 
Significant negative affect was induced in 
the NE and DA groups; significant positive 
affect was induced in the PE group, and 
the magnitude of affect induced was 
consistently greater for the evaluation 
groups than for the attitude groups. With 
Hypotheses 1 and 2 confirmed in the first 
part of the experiment, the appropriate 
conditions were provided for a test of 
Hypothesis 3 in the second part of the 
experiment. 

Hypothesis 3 stated that energization 
properties of the reinforcing stimuli (both 
positive and negative) increase with in- 
creased magnitude of reinforcement. Sup- 
port of the hypothesis required that the 
evaluation groups (both positive and 
negative) show a higher energization level 
than the attitude groups in their perform- 
ance on the PA learning task. An examina- 
tion of the means for trials to criterion 
presented in Table 2 shows that the order 
of the means was consistent with the 
hypothesis rather than with a drive reduc- 
tionexplanation. On the noncompetitional 
pairs, the NE group showed better perform- 
ance than the DA group, and the PE group 
showed better performance than the SA 
group. Although the differences were small, 
they were consistent with past research 
(Cottrell et al., 1967; Spence et al., 1956; 
Waterman, 1969) that showed noncompe- 


titional pairs less affected than competi- - 
tional pairs by arousal conditions. On the 
competitional pairs, the NE group took ` 


more trials to reach criterion than the DA ~ 


group, and the PE group took more trials 
to reach criterion than the SA group. For 
both noncompetitional and competitional 
pairs, means for trials to criterion showed 
the arousal or energization properties of < 
the five conditions to be in the order 
predicted by Hypothesis 3. Furthermore, 
the order of the results was similar to the | 
order of results of the semantic differential 
scores, i.e., NE > DA and PE > SA = NS. 
A repeated measures analysis of variance 
on trials to criterion showed that the main 
effect for groups was nonsignificant. A 
significant pairs effect, F (1, 70) = 203.49, 
p < .0001, was shown. Hypothesis 3 was 
supported by a significant Groups X Pairs 
interaction on trials to criterion, F (4, 70) 
= 9.95, p < .0001. This significant inter- 
action effect along with the order of the . 
means indicated that energization proper- 
ties increased with the increase in magni- 
tude of positive affect as well as with the 
increase in magnitude of negative affect. 
The third hypothesis actually combined two 
hypotheses: (a) energization properties - 
increase with increasing magnitude of - 
punishing stimuli (e.g., noxious disagree- 
ment), and (b) energization properties 
increase with increasing magnitudes of 
positively reinforcing stimuli. Clearly, the 
hypothesis was supported by the evidence 
from the positive stimuli as well as from 
the negative stimuli. 

Much previous research investigating 
the drive properties of negative and positive 
social stimuli or of disagreement and agree- 


ment has employed a single negative and a 
ingle positive condition. When means for 
trials to criterion on the attitude state- 
. ments alone are compared, the SA condi- 
- tion shows a lower energization level than 
‘the DA condition on the PA learning 
tasks. This pattern of results has sup- 
ported the assumptions of past research 
that agreement is drive reducing (Lom- 
-bardo, Libkuman, & Weiss, 1972). How- 
— ever, when means for trials to criterion 
. on the learning tasks of all five conditions 
` in the present study are examined together 
with means for the semantic differential, a 
drive reduction explanation of the posi- 
ively reinforcing stimuli becomes more 
uous. The results showed the PE 
muli to have greater energization proper- 
ies than the SA stimuli, and indicated that 
Ositive affective arousal was not merely 
le reduction of negative arousal. 
_ These results indicate that the interpre- 
“tation of positive social stimuli (e.g., PE 
statements and SA statements) as negative 
. reinforcers merely through their reduction 
of some chronic aversive state (e.g., 
anxiety) is limited to situations analogous 
escape or defense conditioning. In the 
sent situation, the PE stimuli produced 
Ositive affect arousal. In general, the 
present evidence, coupled with previous 
reports of attraction as an analogue of 
"appetitive conditioning (Lamberth et al., 
972; Lamberth et al., 1973) lend strong 
pport to the idea that attraction stimuli 
use affect, both positive and negative. 
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TIME RELEASE FROM PROACTIVE INHIBITION 
.AS A FUNCTION OF AMOUNT OF PROACTIVE 
INHIBITION PRESENT" 


DAVID S. GORFEIN ? 
New College 


Release from proactive interference (PI) produced by a long intertrial 
interval (ITI) was explored to see if such release was a function of the 
Tevel of PI at the time of interpolation of the long ITI. The central question 
was whether such release can be explained purely on the basis of time tag- 
ging or whether additional mechanisms for dissipation of interference are 
necessary. An experiment was conducted in the Brown-Peterson short-term 
memory paradigm, using recognition latency as the dependent variable. The 
results clearly supported the conclusion that the greater the amount of PI 
present at time of ITI interpolation, the less release obtained. A pure time- 
tagging notion is not sufficient to account for release from PI over long ITIs. 


A number of studies of short-term 
memory (Loess & Waugh, 1967; Peterson 
& Gentile, 1965) have shown that the build- 
up of proactive inhibition (PI) in the 
Brown-Peterson short-term memory para- 
digm (Brown, 1958; Peterson & Peterson, 
1959) can be retarded by long intertrial 
intervals (ITIs). In a similar fashion, it 
has been demonstrated that over a long ITI, 
release from PI is obtained (Kincaid & 
Wickens, 1970) following a block of rela- 
tively massed trials. 

While the fact of release from PI has been 
amply documented, the mechanism by which 
“it occurs has not been thoroughly explored. 
An examination of the function relating 
order of trials within an experiment to prob- 
ability of recall indicates that the amount 
of recall decreases as a function of the serial 
position of the trial in the experiment, up 
to approximately three or four trials (cf. 
Keppel & Underwood, 1962). Most at- 
tempts at theoretical explanations of time 
release have concentrated on pure time 
processes, such as a time-tagging explana- 
tion; ie, S differentiates between old and 
new items on the basis of some temporal 
discrimination. Cermak (1970) conducted 


1'The author is indebted to Candace Lang, who 
had. complete charge of data collection in the 
experiment reported. : 

2 Requests for reprints should be sent to David 
S. Gorfein, Natural Science Division, New College, 
Sarasota, Florida 33578. 


a Brown-Peterson experiment in which he 
switched from a short ITI to a longer one 
and, conversely, from a long ITI to a shorter 
one. He concluded, as a result of the 
switch from a short to a long ITI produc- 
ing more release from interference, that the 
length of time determines the amount of 
interference dissipated. It would seem 
intuitively reasonable that, if we were talking 
about dissipating the strength of some source 
that causes interference, the greater the 
quantity or strength of the source, the more 
time it would take to dissipate it. It would 
therefore seem to be of interest to see if the 
release one obtains by an unfilled ITI would 
be functionally related to the amount of PI 
present at the time of occurrence of the long 
ITI. Thus, this experiment tests the hy- — 
pothesis that the amount of PI release 
obtained by an unfilled interval of a fixed 
duration will be a function of the amount of 
PI present prior to that interval, Failure 
to obtain differential release from PI as a 
function of the amount of PI present would ~ 
argue in favor of a pure time-tagging - 
explanation, whereas quantitative differ- 
ences would require additional or alternative ~ 
mechanisms to account for the effects of 
long ITIs. i 
The present author (Gorfein & Jacobson, 
1973) has recently proposed a recognition — 
latency measure of short-term memory that 
has been shown to follow the same laws as 
recall in terms of the effects of semantic 
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shifts in short-term memory. In that 
esearch, it was possible to have 
at proactive effects by using a prior 
item (that had been presented for retention) 


Subjects, 


their services, 


recognition memo: 
rds grouped into block. 
members of each block wi 


RELEASE FROM Proa 
FUNCTION or Amou: 


Mernop 


TABLE 1 


CTIVE INHIB 
NT OF PI: M 


a direct 


minating any 
d be produced 


Thirty-six New College | students 
Served as Ss in this experiment and were paid for 


aterials. Items to be remembered in the short- 
T Ty procedure were single 
S of six trials, where the 
ere drawn from the same 
related words, 


ITION (PI) as 
EAN REACTION 


TIME (IN MSEC.) FOR Correct DECISIONS 
ONLY 
Levelof PI: probe | Control | Release UC 
(difference) 

Two prior 

Correct 644.7 550.3 94.4 
- Prior 719.5 | 628.8 927 
Four prior 

Correct 610.7 567.1 43.6 

Prior 731 683.1 47.9 


decide as quickly as possible, consistent with being 


100% correct, whether the probe was the current 
TBR item, in which case S Was instructed to press 
a key marked yes, or some other item, in which - 
case he was instrücted to Press "o. Reaction time 
Was measured in milliseconds from probe onset 
to S’s decision by means of a BRS MV-4S pre- 
cision clock Except at the point where ITI was 
manipulated, all trials were concluded with a 5. 
Sec. rest period. For the purposes of this experi- 
ment, the probes employed were either the correct 
item, ie, the item presented on the current trial, 
or the immediately prior item, ie, the item pre- 
sented on the just prior trial, including the last 
practice trial, Following each block, a 35-sec, 
ITI was used prior to the start of the next block. 

The experiment employed a within-Ss design 
with two experimental conditions and a control 
condition. In the two-prior condition, a 35-s 
was inserted following the second trii C 
and the effect on the third item was o! 
the four-prior condition, the 35-sec, 7 
following the fourth trial of a seman 
the effect on the fifth trial Was o 
a control condition, no long ITI was ir 
and therefore we could measure PI r 
terms of the appropriate control condition, 
for the release after two trials, the perforr 
in the control condition on Trial 3 would 
compared to performance following the ITI. For 
the ITI after four trials, performance on Trial 5 
in the control condition was the appropriate 
comparison. 

Item order within blocks was counterbalanced 
across Ss. All blocks and within-block item 
Orders were employed in all experimental treat- ' 
ments and were balanced across Ss. 


I occurred 
rock, and 
ved. In 


ce 
e 
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Data were analyzed for correct decisions 
only (overall error rates were less than 5%), 
Analysis of the data for the release points in 
the experimental condition and the appropri- 
ate control points was performed using an 
Ss (36) x Probe Type (correct or prior) 
X Release (control vs. experimental) X 
Amount of PI (two or four prior items) 
analysis. 

The most important finding in the experi- 
ment (from a theoretical standpoint) is the 
interaction effect obtained, indicating that 
there was a significant amount of PI X Re- 
lease interaction, F (1, 35) = 473, P05 
Two of the main effects in the analysis were 
significant, i.e., the effect of probe type, with 
prior-item probes responded to on the ay- 
erage much more slowly than correct probes, 
F (1, 35) = 75.6, p < .001; and the effect 


of release, indicating PI release occurred in 
the experimental conditions, F (1, 35) — 
53.89, p « .001. No other effect approached 
statistical significance, Examination of the 
data in Table 1 shows that approximately 
twice as much release from PI is obtained 
under conditions of only two items prior to 
the long ITI as compared to the four-prior 
condition, This clearly indicates that the 
amount of release obtained is a function of 
the amount of PI present. 


i Discussion 


There is no doubt in this experiment that 
the amount of PI release is a function of the 
amount of PI present at the time the long ITI 


is interpolated. This suggests that, at least for 


recognition memory, the amount of interference 
from prior items dissipates as a function of 
time, and a certain quantity of interference dis- 
sipates per unit time. It is notable that there 
is a striking symmetry of results in that the 
release obtained in milliseconds is about the 
same for both the correct and prior-item probes. 
Tt is almost certainly the case that the effect 
cannot be explained by the suggestion that S 
tags each item with a time tag and chooses 
among items on the basis of their apparent 
recency. An additional mechanism beyond 
that would be required to account for the differ- 
ential release in this experiment. The experi- 
ment does not allow us to distinguish among 
possible interpretations as to whether the source 
of the effect is in the encoding or storage of 
the TBR item, or is due to retrieval phenomena. 
The data are not inconsistent with the “acid 
bath" model of PI proposed by Posner (1967). 


- This model suggests that the number of prior 


items influences the “concentration” of the acid 
bath. Such a model could be extended to pre- 
dict loss of strength of the "acid" as a function 
of time. 


some limitations on the types of theories 
that are possible. 
remain a large number of possible explanati 
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in less intelligent retardates. 


ne Within the last decade, the results of 
? several studies have challenged the general 
notion that spaced practice uniformly 
facilitates learning. 
-— In one such study, Peterson, Hillner, and 


Saltzman (1962) used a continuous paired- 


D 
$^ 


vestigate the retention of paired associates 
as a function of both the spacing of two 
- training trials (T, and T) and the size of 
~ the retention interval (TaT; interval) pre- 
1% eding the test trial. Spaced presentations 
. Trials 1 and 2 were found to be more 
fective only if the TT, interval was 
Tour interpolated items or more. With 
3 smaller retention intervals, massed repeti- 
tions of the two training trials were more 
beneficial. Similar findings were reported 
by Rumelhart (1967). The term crossover 
= is used to describe the effect, since when 
_ Trial 3 performance is plotted as a function 
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problems were presented concurrently to 28 
The spacing interval 
was filled with either zero or four interpolated tri 

between Trials 2 and 3 were zero interpolated trials, eight interpolated trials, 
or 24 hr. in length. Performance on all within-day retention tests was superior 
following massed presentations of Trials 1 and hy 
following 24-hr. retention intervals showed 
spacing interval facilitated long-term learning in more intelligent retardates 
(MA > 7-8 yr.), the same interval proved detrimental to long-term learning 
"The findings of this study are discussed in refer- 
ence to the 1973 Sperber, Greenfield, and House Marko: 
The observed developmental change in the effects of Spaced practice is inter- 
preted as evidence that resistance to coding loss increases with inte’ igence, 


separating Trials 1 and 2 
while retention intervals 


Performance on test trials 
a developmental trend: while a 


an spacing model, 


of retention interval size, the two curves 
representing spaced and massed presenta- 
tions of Trials 1 and 2 cross at some point. 

Using T;-T» and T.-T; intervals of Zero, 
four, and eight interpolated trials, House 
andSocha (1972) attempted to demonstrate 
the crossover effect with retarded Ss learn- 
ing a visual discrimination task. Massing 
of Trials 1 and 2 was found to produce uni- 
formly superior Trial 3 performance regard- 
less of the size of the retention interval. 
Thus, even with spacing and retention 
intervals identical to those used by Peterson 
et al. (1962) to obtain a crossover with 
normal adults, retardates failed to show 
any beneficial effects of a spaced T;-T; 
interval and, consequently, the crossover 
effect. 

The purpose of the present study was to 
test two alternative interpretations of the 
failure of retardates to demonstrate the 
crossover. The first possibility stems from 
Rumelhart's (1967) modification of the 
Markovian general all-or-none forgetting 
theory (GFT). With parameter values 
appropriate to college students in a con- 
tinuous PA task, this model predicts that 
while long-term learning is most effective 
when training trials are spaced, the prob- 
ability that an item will be in short-term 
memory (STM) is greatest when training 
trials are massed. Thus, in the Peterson 
et al. (1962) experiment, when the T;-T; in- 
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terval is very short and Trial 3 perform- 
ance is primarily governed by STM, massed 
presentations of the two training trials 
are more effective than spaced presenta- 
tions. When the retention interval is large 
enough to allow sufficient loss from STM, 
long-term memory (LTM) dominates Trial 
3 performance and the beneficial effect of 
spacing appears. 

According to this interpretation, the 
slower the rate of STM loss, the longer the 
retention interval for which massing will 
yield superior performance. Thus, one 
possible explanation of the absence of a 
crossover with retarded Ss is that retard- 
ates learning visual discrimination prob- 
lems exhibit more persistent STM than 
college students learning PAs, and that 
the longest retention interval of eight inter- 
polated trials used by House and Socha 
(1972) is not sufficient to eliminate con- 
taminating effects of STM. 

A second interpretation of the failure 
to obtain a crossover with retardates is that 
a T;-T; interval of zero interpolated trials 
actually results in more long-term learning 
than either four or eight interpolations for 
these Ss. Thus, the discrepancy between 
the data of normals and retardates could 
be due to differences in the spacing interval 
optimal for long-term learning rather than 
differences in STM. Such an explanation 
is consistent with the modified version 
of the GFT developed by Sperber, Green- 
field, and House (1973), which predicts an 
optimal spacing interval. Peterson, Wam- 
pler, Kirkpatrick, and Saltzman (1963) and 
Young (1966) have observed the optimal 
spacing interval to be approximately eight 
interpolated trials for college students in 
a continuous PA design. In contrast to 
the findings of Peterson et al. (1963) and 
Young, the retardate data might suggest a 
developmental change in the size of the 
spacing interval most effective for long- 
term learning. 

The present study tested these two in- 
terpretations of the retardate data by in- 
cluding retention intervals of 24 hr. This 
extended interval allows for more precise 
evaluation of the effects of spacing on 
LTM as, presumably, contribution from 


STM is eliminated. j 
superior performance following a retention — 
interval of 24 hr., we could reasonably 
conclude that a slower rate of decay from 
STM is responsible for the extended in- 
terval necessary to observe the crossovei 
effect. If, on the other hand, performance — 
following a 24-hr. interval remains best. 
when the learning trials are massed, we 
must conclude that the optimal spacing in- 
terval for retardates is much smaller than — 
that for normal adults. This experiment — 
also studied as wide a range of intelligence 
as possible within the retardate popula- 
tion to permit possible developmental 
changes to be observed. 


METHOD 


Subjects. A sample of 40 retarded children cover- 
ing as wide a range of intelligence as possible was — 
initially selected on the basis of availability from the 
population of the Mansfield State Training School, 
Mansfield Depot, Connecticut. The Ss were chosen 
without regard to sex, etiology, or previous experi- 
ence in the laboratory. Seven Ss failed pretraining, 
and 5 others were dropped from the study because | 
they showed either strong position habits, chance 
performance over all test trials of all conditions, or 
errorless performance on all test trials. Since each 
S received problems in every experimental condi- 
tion, exclusion of these Ss does not confound cross- 
condition comparisons. 

The remaining 28 Ss were divided into two equal- 
sized groups, representing “high” and “low” levels 
of intelligence, to facilitate the investigation of 
possible developmental effects. The Ss were divided 
into groups on the basis of MA. Although MA is 
used in the present analysis, any observed perform- 
ance differences related to intelligence could result 
from differences in IQ rather than MA. It is 
difficult to evaluate the relative influences of MA 
and IQ on performance because these two S factors 
were almost perfectly correlated for the 28 Ss (r= 
.94). A high correlation between MA and IQ is 
typical of random samples from institutionalized 
populations due to the restricted ranges of MA and - 
IQ available. Although the effects of these two 
factors cannot be easily separated, the expectation. 
is that the influences of both MA and IQ on the 
effects of spacing would be similar (i.e., operate in 
the same direction) if both factors were relevant. 

The high-intelligence group (9 boys and 5 girls) 
had a mean MA of 10 yr. 0 mo. (range: 7yr. 4 mo.— 
13 yr. 4 mo.), mean IQ of 63 (range: 44-84), and - 
mean CA of 18 yr. 10 mo. (range: 13 yr. 9 mo.—24 yr. 
0 mo.) The low-intelligence group (10 boys and. 
4 girls) had a mean MA of 6 yr. 5 mo. (range: 5 yr. 
3 mo.-7 yr. 3 mo.), mean IQ of 43 (range: 30-55), 


and mean CA of 17 yr. 8 mo. (range: 13 yr. 2 mo.— 
- 22 yr. 8 mo.). 
Apparatus. Stimuli were 220 different colored 
forms (resembling in outline such common objects 
às a house, a dog, a toothbrush, a face, etc.), photo- 
graphed in pairs against a black background to 
make 110 problems. Form was the relevant dimen- 
- sion in all problems, with color constant within 
problems and variable between. 
A random access projector was used to project the 
stimuli onto two 7.6 X 10.2 cm. windows of an auto- 
mated Wisconsin General Test Apparatus. The 
timulus windows, which also served as response 
~ panels, were spaced 17.8 cm. apart. The apparatus 
also featured an automatic candy dispenser that 
- delivered M&M candies into a plastic cup between 
_ the response panels and a timer that automatically 
controlled the length of the intertrial interval. 
V. General procedure. The Ss were instructed to 
sh one of the two response panels, When the 
anel displaying the positive stimulus was pushed, 
the stimuli were removed and an M&M candy was 
i to correct wrong 
responses. During each 5-sec. intertrial interval, 
E selected the appropriate slide for the next 
presentation. 
Pretraining. The Ss were pretrained on a single 
two-choice form discrimination problem, 25 trials/ 
y toa criterion of 20/25 correct, and were dropped 
if they failed to reach criterion in 75 trials. 
Es | Experimental design. A series of three-trial dis- 
= crimination problems was presented concurrently 
o each S. Problems were distributed in such a 
—— way that the intervals separating the three trials 
- of a given problem were filled with trials on different 
roblems. 


igence) factorial with repeated measures on each .S. 

e first factor represents the experimental spacing 
variable, defined as the number of interpolated 
trials separating Trials 1 and 2 of a given problem. 

Either zero or four interpolations filled the T-T, 

~ interval. The second factor refers to the size of the 
— retention interval separating Trials 2 and 3. The 
:-Ts intervals were either zero interpolations, 
eight interpolations, or 24 hr. long. Combination 
of the two spacing and three retention intervals 
yields six experimental treatment combinations for 
- each S. These six conditions are labeled the 0:0, 
4:0, 4:8, and 4:day conditions, the 
- first number designating the size of. the spacing in- 
terval and the second, the size of the retention 
interval. 

Each S received 15 problems in each of the six 
conditions, 3 new problems a. day for five days. A 
sixth session was necessary to measure Trial 3 per- 
formance on the 6 problems of the O:day and 4:day 
conditions trained on Day 5. "The 3 problems of each 
condition were distributed within a session in such 
a way that the mean position of the 3 problems was 
approximately equal for all conditions. The same 
sequence of problem presentation was used each day. 


Alternations and repetitions of the left-.: 
position of the correct stimulus within problems w 
equated over conditions. In addition, w 
session, no more than four consecutive tr 
the correct stimuli on the same side. To cont: 
possible stimulus preferences, one stimulu 
designated correct for half of the Ss, while thi 
stimulus was correct for the remaining Ss. 

The combination of trials on new probleris 
24-hr. retention trials brought the total nuni 
experimental trials per day to 54. Filler ite: 
presented for 2 trials at both the beginning > 
of each session to reduce serial position effect 
experimental problems. Since no 24-hr. rv 
tests appeared on Day 1 and no new probi 
Day 6, additional fillers were used on these 4 
keep the number of trials per day constant at 


RESULTS 


For all Ss combined, Trial 2 performa 
fell from 81% on all problems follow 
a spacing interval of zero interpolated tri. 
to 68% on problems following an inte: 
of four interpolated trials. This perfor 
ance decrement, which represents sho 
term retention loss, was highly significa 
F (1, 26) = 51.90, p < .001, No relia! 
relation between intelligence and Trial 
performance was found. Neither the ov- 
all level of Trial 2 performance (F < 1) n: 
the size of the performance decrement o! 
tained as the T;-T» interval increased frox. 
zero to four interpolated trials (F < 1) ws 
very different for the high and low-inte: 
ligence groups. 

Trial 3 performance in each condition 
for the two levels of intelligence is shown 
in Figure 1. Over all conditions, the levei 
of Trial 3 performance for the two groups 
was not very different (F < 1). As ex- 
pected, Trial 3 performance declined as the 
T:-T; interval increased from zero inter- 
polations to 24 hr., F (2, 52) — 48.67, 
b < .001. Collapsing over all Ss and reten- 
tion intervals, Trial 3 performance follow- 
ing a spacing interval of zero interpolations 
was superior to performance following four 
interpolations, F (1, 26) = 4.75, p < .05, 
even though the relative effects of the 
different spacing intervals depended on the 
size of the retention interval, F (2, 52) 
= 3.51, p < .05. 

The finding of primary interest was that 
the crossover effect was related to intel- 
ligence; i.e., a three-way Spacing Interval 


x, Retention Interval X Intelligence inter- 
action was obtained, F (2, 52) — 3.88, 
p < 05. When the retention interval was 
small (zero or eight interpolations), Ss in 
hoth-the high- and low-intelligence groups 
performed better on Trial 3 following 
massed presentations of Trials 1 and 2. 
Yet, when tested after 24 hr., high-intel- 
‘vence Ss performed best following a 
spaced T,-T2 interval, while low-intelli- 
gence Ss continued to perform best when 
the T;-T; interval was zero interpolated 
trials. 

As Figure 1 suggests, this triple interac- 
tion is most likely a result of differential 
performance between the two groups in 
only one condition, the 4:day condition. 
To check this interpretation, three addi- 
‘ional analyses were performed. First, the 
above analysis of variance was repeated, 
but only for the four conditions with same- 
day retention tests. While the main effects 
of spacing interval, F (1, 26) = 10.85, 
» < ,005, and retention interval, F (1, 26) 
7.49, p < .025, were still evident, there 
s no effect of intelligence (F < 1), and 

t interactions disappeared. These results 
replicate the finding of House and Socha 
(1972) that for retarded Ss, when retention 
intervals of eight interpolated trials or less 
are employed, Trial 3 performance is uni- 
'ormly superior following massed presenta- 

ons of Trials 1 and 2, regardless of 
:ctelligence. 

An analysis of variance testing for Trial 3 
performance differences in the 0:day and 
4:day conditions across intelligence groups 
showed that while the main effects of both 
spacing interval, F (1, 26) = 1.27, p > .25, 
and intelligence (F < 1) were not signifi- 
cant, the interaction of these two variables 
was, F (1, 26) = 10.41, p < .005. Finally, 
<a analysis of variance testing for possible 
ifferences between the two groups on 
‘Crial 3 performance in the 0:0, 0:8, and 
G:day conditions was performed. No such 
differences were discovered, suggesting that 
the observed interaction of intelligence and 
spacing interval following a retention in- 
terval of 24 hr. resulted from a difference 
in Trial 3 performance between the two 
groups in only the 4:day condition. 
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Ficure 1. Trial 3 performance following two 
spacing (T;-T;) intervals as a function of the size 
of the retention (Ts-T) interval for two levels of in- 
telligence, (Each point represents 210 observations.) 


The implication that performance in the 
4:day condition was the locus of the ob- 
served developmental effect was supported 
by a correlational analysis. Difference 
scores for Trial 3 performance in the 4:day 
and 0:day conditions were calculated for 
each S. These difference scores (4:day | 
minus 0:day) were found to correlate with 
MA, r (26) = .37, p < .05. Finer analyses - 
show that while Trial 3 performance in the 
0:day condition was not related to MA 
(r = .03), performance in the 4:day condi- - 
tion improved with increasing MA, r (26) 
= 40, p < .05. ; 


DISCUSSION 


It appears that both interpretations of the 
failure to observe the crossover effect with 
retardates are correct, with the applicability - 
of each depending on the intelligence of S. 


- As Figure 1 shows, 


— trial. 
© Theoretical predictions. 


- (1973) Markovian spacing 
that a single retentional 


ing and retention transiti 
model can be found in Sperber et al., 1973): 
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The model assumes four states: long-term 
memory (L), short-term memory (S). familiar 
or coded (F), and uncoded (U). The most dis- 
tinctive feature of this model, which differen- 
tiates it from previous versions of the GFT, 
s that items may become uncoded over time. 


Enea Usu 


(2] 
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although massing leads 
to superior performance with retention in- 
tervals of eight interpolated trials or less for 
all Ss, when sufficient time is permitted to 
eliminate contribution from STM, retardates 
with MAs greater than approximately 7-8 yr. 
. perform best with spaced training trials. Thus, 
- the crossover effect observed by Peterson et al. 
(1962) with college students is replicable with 
retardates of high intelligence, given that the 
- TaT; interval is large enough to allow valid 
estimates of long-term memory. Yet the same 
spacing interval that facilitates long-term learn- 
ing in these Ss proves detrimental to less 
intelligent retardates, regardless of the size 
of the retention interval preceding the test 


This developmental 
_ effect can be accounted for by the Sperber et al. 

E model by assuming 
variable, the prob- 
ability of coding loss during an interpolated 
trial, varies with intelligence. To facilitate the 
. Interpretation of the results of this experiment 
- in terms of the Sperber et al. model, the learn- 

i on matrices are pre- 
sented below (more detailed description of the 


This factor, along with the assumptio:; 
(a) long-term learning is more likely = 
than from U (Bjork, 1966; Sperber 
1973); and (b) the probability of learni: 

S is negligible (Bjork, 1966; Green 

Rumelhart, 1967 ; Sperber et al., 1973), . 

the model to predict an optimal spa 

terval. A spacing interval is beneficia! 
items can be forgotten from S to | 
there is a greater likelihood of transfe 
But at the same time, the interval can | 
mental in that it allows for loss of codi 
forgetting to U). The Spacing inter, 
is optimal for long-term learning is tha: 
maximizes the Probability that an un 
item will be in F prior to the next learning 

The size of the optimal spacing in; 

varies with the amount of coding loss (f 
general, when f is very large, the optin 
terval is small, since larger intervals ei! 
the likelihood of coding loss 
terval. When f is very small, the op: 
interval is large, since longer interval- 
to greater accumulation of items in F, 

If the probability of coding loss durin; 
interpolated trial decreases with proportic 
increases in intelligence, the apparent dev 
mental change in the size of the optimal spa: 
interval observed in the experiment is ; 
dicted. Figure 2 shows the model's ability 
simulate the results of this experiment by va 
ing only the f parameter. All 
values used in this simulation are 
in the figure. 


during thi 


param: 
present; 

It should be noted that : e 
value of f= .08 refers to loss over a 24 or, 
period. Loss from LTM is assumed to be 205 
during an interpolation. Values of f and uw 
refer to loss during each interpolation, and all 
information in STM is assumed to be for- 
gotten over 24 hr, 

The theoretical functions of Figure 2 re- 
semble the empirical curves of Figure 1 in the 
following important respects: (a) Trial 3 per- 
formance following retention intervals of zero 
and eight interpolations js Superior when 
Trials 1 and 2 are massed, regardless of the 
value of f; (b) when f — 0, spaced presenta- 
tions of Trials 1 and 2 facilitate Trial 3 per- 
formance following a 24-hr, retention interval, 
and when f=.5, consecutive presentations of 
Trials 1 and 2 are most beneficial; (c) for all 
retention intervals, Trial 3 performance follow- 
ing a spacing interval of zero interpolations 
is not influenced by changes in f; and (d) the 
absolute level of performance of the four 
theoretical curves closely matches that of the 
empirical functions, 


In deriving the theoretical curves of Figure 2, 
only the f and w parameters were left free to 
vary. The estimate of d = .55 was obtained 
directly from the Trial 2 data, and the values 
of b = .08, c = .65, £ = .08, and r = .98 are 
those previously estimated by Sperber et al. 
(1973) using similar Ss and stimuli. The 
estimate of w = .08 was arrived at by selecting 
the largest value of w (a large w is needed to 
predict the magnitude of the spacing effect 
obtained with high-intelligence Ss) that still 
enabled the beneficial effects of spacing to be 
masked by STM at a retention interval of 
eight interpolations, 

It is difficult to explain the extremely effi- 
cient STM exhibited by these Ss, particularly 
when it is this factor that accounts for the 
discrepancy between retardates and normal 
adults in the size of the retention interval 
needed to observe a crossover. Although the 
notion that retardates exhibit superior STM 
is compatible with at least one theory of 
retardate memory (Spitz, 1963), it is more 
likely that such differences in STM would 
result from stimulus factors rather than S 
factors in that the colored geometric forms 
used with retardates might be more resistant 
to short-term retention loss than the word- 
number pairs used in the continuous PA 
experiments. 

The value of f = 0 used to simulate the data 
of the high-intelligence group was chosen so 
as to maximize the beneficial effects of spacing. 
Although an estimate of f = 0 is used, it is 
reasonable to expect that some small amount 
of coding loss does occur with these Ss. 
Similarly, little emphasis is placed on the 
accuracy of the estimate of f = .50 for the low- 
intelligence group. While the interpretation 
of this group's data does require a relatively 
large value of f, it is difficult to estimate f 
precisely for these Ss in the present design. 
With a spacing interval as large as four inter- 
polations, variations in f from .50 to 1.00 have 
little consequence on theoretical Trial 3 per- 
formance, Smaller spacing intervals are 
mecessary to estimate f more accurately for 
these Ss, since it is possible that the optimal 
spacing interval for these 5s lies between zero 
and four interpolations, and inferences about 
f are primarily based on knowledge of the 
optimal interval. 1 

Although the interpretation that less in- 
telligent Ss suffer greater coding loss than more 
intelligent Ss is sufficient to account for the 
developmental effect observed in this experi- 
ment, the possibility that other parameters 
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FIGURE 2. 
formance following two spacing (T:-T» 
a function of the size of the retention (Ts-T;) in- 
terval for values of f = 0 and f = .5. 
the value of ¢ = .08 refers to loss over a 24 hr. 
period. Values of f and w refer to loss during each 
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vary with intelligence was also investigated. 
Trial 2 performance following a T1-T» interval 
of zero interpolations is solely dependent on d. 
Performance on this trial was 81% for both 
high- and low-intelligence groups, thus sug- 
gesting that d does not vary with intelligence 
within the range tested. 

It has previously been shown that Trial 3 
performance in the 0:day condition was not 
very different for the high- and low-intelligence 
groups. 
function of b, c, and d, it is also not likely that 
either b or c varies with intelligence. 
decline in Trial 2 performance as the T;- T in- 
terval increases from zero to four interpola- 
tions is a function of STM loss. 
in the Results section, these performance dec- 
rements did not differ for the two groups, sug- 


Since performance on this trial is a 


The E 


As reported 


gesting that w also does not vary with 
intelligence. 
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CONCLUSION 
The principal finding of this experiment is 


that the relative effects of distributed practice 
on long-term learning in retardates are de- 
pendent on the level of intelligence of the .Ss 
~ used. It is hypothesized that more intelligent 
. retardates exhibit greater resistance to famili- 
arity (coding) loss. Asa consequence, during 
a spacing interval, items can be forgotten from 
the STM state (where the probability of trans- 
fer to LTM is negligible) to a familiar state 
that is more conducive to permanent learning. 

- In addition, resistance to STM loss in these 

Ss is great enough to account for the finding 
_ that relatively long retention intervals are 

necessary for the beneficial effects of spacing 

to appear. 

Less intelligent retardates, on the other 

. hand, presumably exhibit very rapid familiarity 

- loss. Consequently, a spacing interval en- 

hances the probability that an item will be 

forgotten to an uncoded state from ‘which 
the probability of long-term learning is slight, 

This explains the finding that massing of 

learning trials is most beneficial for long-term 

- learning in these Ss. 

Although the concept of familiarity is not 
well defined at this stage, it appears that, on a 
given training trial, some relevant information 
that facilitates learning on consequent trials 

-can be extracted, even if the correct solution 

is not learned. Furthermore, the implication 

is that some Ss utilize this partial knowledge, 
while others are incapable of maintaining 
familiarity long enough to use it when the 

‘Succeeding training trial follows a spacing 
interval, 

We do not know whether developmental 
changes in the ability to retain and use famili- 
arity are maturational in nature or are to 
Some degree under Ss’ control. To date, our 
knowledge about familiarity is basically in- 
ferential, and the need for a systematic pro- 
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gram of research investigating the -ture ol 

familiarity and the variables affecti: its re- 

tention is clearly indicated. t 

REFERENCES 

Bjork, R. A. Learning and short-term on of 
paired-associates im relation to Specifi ences 
of interpresentation intervals, (Tech 106) 
Stanford: Stanford University, In for 
Mathematical Studies in the Social S 1966, 

Greeno, J. C. Paired-associate learning v ssed 
and distributed repetitions of items. al of 
Experimental Psychology, 1964, 67, 286 

House, B. J., & Socha, T. Spacing of ty n ves 
lardate discrimination learning and tion. 
(NIMH Prog. Rep. No. 7, Grant )99) : 
Washington, D. C.: National Institute c ntal 
Health, 1972, 3 

Peterson, L. R., Hillner, K., & Saltzman, | jup- 
plementary report: Time between pai ind 
short-term retention. Journal of Exp ntal 


Psychology, 1962, 64, 550-551. 
Peterson, L. R., Wampler, R., Kirkpatrick, Å 
Saltzman, D. Effect of spacing presenta 
retention of a paired-associate over shor 


vals. Journal of Experimental Psychology. 963, - 
66, 206-209. 

Rumelhart, D. E. The effects of interpresentati : in- 
tervals on performance in a continuous > ‘red- 
associate task, — (Tech. Rep. 116) Sta: ord: 
Stanford University, Institute for Mathew. ical 


Studies in the Social Sciences, 1967, 

Sperber, R. D., Greenfield, D, B., & House, B. A 
nonmonotonic effect of distribution of tri-is in 
retardate learning and memory. Journ: 
Experimental Psychology, 1973, 99, 186-198. 

Spitz, H. H. Field theory in mental deficiency. In 
N. R. Ellis (Ed.), Handbook of mental deficicncy. 
New York: McGraw-Hill, 1963, 

Young, J. L. Effects of intervals between reinforce- 
ment and test trials in paired-associate learning. 
(Tech. Rep. 101) Stanford: Stanford University, 
Institute for Mathematical Studies in the Social 
Sciences, 1966. 


(Received September 7, 1973) 


Journal of Experimentat Psychology- 
1974, Vol. 103, No. 2, 211-215 


EFFECT OF PICTURE-WORD TRANSFER ON ACCURACY 


AND LATENCY OF RECOGNITION MEMORY ' 


LOUISE M. ARTHUR anp TERRY C. DANIEL? 


University of Arizona 


Temporal parameters of recognition memory for pictures and words were in- 
vestigated in a reaction time experiment. Dark-adapted Ss self-initiated 250- 
msec. exposures of arrays containing eight different stimuli—either pictorial 
silhouettes or corresponding block-lettered verbal labels—in the peripheral 
cells of a 3X3 grid. Following every array and a subsequent 3-sec. delay in- 
terval, a test item—again, either a four-letter word or a picture—appeared in 
the center grid square for 250 msec. By quickly pressing a yes or no button, 
Ss indicated whether the test item had been present or absent in the preceding 
array. Each S served under all of the following conditions: word array-word 
test, picture-picture, picture-word, and word-picture. Order of presentation 
was completely randomized for each S. Analyses of both accuracy and reac- 
tion time data revealed interactions between mode of presentation, mode of 
test, and decision strategy. Such results may be partially dependent on ability 
to form a visual memory image of the array, though further active encoding 


processes may be responsible for subsequent disruption of that image. 


Recent accounts of verbal memory have 
often included as the first of several dis- 
crete stages of stimulus processing a pe- 
ripheral image, or icon, which is directly 
related to the stimulus input but is ex- 
tremely short-term. Sperling (1960) dem- 
onstrated that Ss have rather large-capacity 
visual memories that rapidly decay over 
intervals up to 1.0 sec. He proposed a 
model that attributes the persisting memory 
for visual materials which occurs in spite 
of rapid icon decay to the operation of 
verbal encoding processes (Sperling, 1967). 

Similarly, Posner and Mitchell (1967) 
hypothesized that peripheral visual images 
may be displaced by nonvisual codes. They 
found that same response latencies were 
longer for different-case letters, i.e., upper- 
vs. lowercase, than for identical-case letters 
at interstimulus intervals (ISIs) below 1.5 
sec, but at ISIs of 1.5-2.0 sec., the ad- 
vantage of similar-case decisions disap- 
peared. Posner, Boies, Eichelman, & 
Taylor (1969) demonstrated that an inter- 
polated mental addition task eliminated 


1 This article is taken in part from a thesis sub- 
mitted by the first auther in partial fulfillment of 
the requirements for the master's degree to the 
University of Arizona. 

? Requests for reprints should be sent to Terry 
C. Daniel, Department of Psychology, University 
of Arizona, Tucson, Arizona 85721. 


the reaction time (RT) differences that 
occur between AA and Aa decisions at ISIs 
below .75 sec., but that visual noise did not. 
Evidence that auditory stimulus presenta- 
tions resulted in faster responding than did 
visual presentations at intervals beyond 
.75 sec. led them to conclude that at least 
one component or stage of the processing 
of verbal stimuli may be acoustical. 

However, acoustic-verbal encoding may 
not be a necessary step from visual input 
to long-term memory of that input. Stein- 
heiser (1971) has proposed that Ss can 
either retain or verbally recode the short- 
term icon. Even Posner et al. (1969) noted 
that Ss seemed able selectively to attend or 
not to attend to the visual features of 
stimuli. Other research (e.g., Parkinson, 
1972; Posner, 1967 ; Salzberg, Parks, Kroll, 
& Parkinson, 1971) has indicated that visual 
imagery may persist even when long-term 
memory for auditory components of the 
same stimuli has been evidenced. 

Studies that have employed nonverbal 
stimuli have indicated that access to some 
relatively permanent store from the visual 
dimensions of stimuli may be independent 
of that access from acoustic-verbal dimen- 
sions. Ellis and Daniel (1971) found 
surprisingly stable recognition memory 
for complex random shape stimuli over 
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very long retention intervals in spite of 
significant retention decrements for as- 
sociated verbal labels. These data suggest 
that under some circumstances imaginal 
and verbal coding forms may function 
- independently. 
On the other hand, even if the two 
memory systems are independent, some 
information-processing tasks may demand 
interactions between image and verbal 
"codes. Paivio (1969) demonstrated that 
image-inducing concrete nouns can be more 
easily recalled than abstract words, indi- 
cating that image codes may contribute to 
memory for verbal items. Also, Daniel 
|. (1972) showed that gradients of recognition 
memory for an ambiguous form stimulus 
shifted in the direction of a form suggested 
by an associated concrete verbal label. 
Verbal codes, then, may contribute to 
memory for form stimuli. 
The nature of interactions between 
visual-image and verbal-acoustic memory 
. modes can be more directly investigated by 
. using tasks that require transfer between 
stimulus encoding modes. Transfer be- 
- tween independent coding systems should 
require additional processing time and, in 
some instances, may even affect accuracy 
- jn memory tasks. 

In the present experiment, Ss were pre- 
sented visual displays of either pictorial or 
verbal memory items, followed by either 
_ pictorial or verbal test items. The Ss were 

required to report whether or not the test 
_ item had appeared in the previous array of 
stimuli. Both accuracy and reaction time 
measures were recorded. If intercode trans- 
er requires additional processing RTs 
should be longer and accuracy scores may 
- be lower on transfer trials. Furthermore, 
any advantage of transfer from picture to 
word stimuli or vice versa should be re- 
flected in differences between picture-word 
and word-picture conditions on either of 
the measures. Use of both pictorial and 
verbal arrays further permitted assessment 
of task-dependent main effects of picture 
and word images. 


METHOD 


Stimuli and design. Stimuli were 16 silhouettes 
of common objects (e.g., boat, hand, duck) and 
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16 corresponding block-lettered labels, phot: 
individually and located in the periphera! 
3 X3 grid. Ease of stimulus identifica 
appropriateness of assigned labels were 
by 25 pilot Ss. Placement of the 8 differe: 
or words in the arrays was randomized, ! 
position contained a test item equally ofte: 

Every S was presented 10 training tr 
sisting of the numbers 1-9, presented 
Arabic numerals and as printed words, 
experimental trials, 8 each of word-pictu 
word-word (WW), picture-word (PW), anc 
picture (PP) conditions. In addition, t 
training phase included 8 randomly in 
“control” trials, in which the word yes or no 
as the test stimulus. Array-test conditio 
presented in a randomized mixed-list proc 
minimize any stimulus-contingent response 
that might effect speed and/or accuracy of res 
On half of the trials, no was the correct r« 
i.c., the target stimulus could not be founc 
preceding array; on the other half of the t 
yes was correct. 

Subjects and apparatus. A total of 26 ma 
female students from an introductory psy 
class at the University of Arizona volunteer: 
the experiment. 

Stimuli were mounted on 35-mm. slides ar 
sented by two Kodak Carousel projectors 
rear-projection screen, which was divided i: 
3 X 3 grid. A chin rest was positioned 43. 
from the screen, insuring that the stimulus id 
subtended a constant angle of approximately °. 
Light from the projectors and door frame was : 
mized and all equipment screened from S's view oy 
black partitions. 

Hunter timers controlled ISIs and two Laf: 
tachistoscopic lenses controlled stimulus durs‘:on 
and intensity. Arrays were presented at 500 w. nd 
tests at 250 w. through a half-opened lens covered 
by a red filter. A Hunter Kwic Kloc started siv ul- 
taneously with onset of the test stimulus and » 
stopped by S pressing one of two microswitches 
labeled yes and no. The positions of the yes and no 
labels were alternated between Ss, but cach 5 
was permitted to use his preferred hand for both 
responses. 

Procedure, Each-S was given 20 min. in which 
to dark adapt while E read standardized instruc- 
tions. Maintenance of eye fixations on a point in 
the center of the middle grid square and responding. 
quickly and accurately were emphasized. When E 
said, "Ready," Ss self-initiated the 3 X 3 array 
presentation, which remained on the screen 250 
msec. and was followed by a 3-sec. blackout and a 
250-msec. test stimulus. As quickly as possible 5s 
were to press the yes or no response key to indicate 
whether or not the test stimulus or its picture or 
word correspondent had been present in the pre- 
ceding array of eight stimuli. The RT and decision 
were recorded and the equipment was reset for the 
next trial. After the entire series had been com- 
pleted, those items answered incorrectly were once 
again presented and recorded in order to insure an 
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adequate number of correct RTs for inclusion in the 
data analysis. r 


RESULTS 


Response accuracy. Each S's percentage 
of correct responses was determined at two 
stages within the experiment. One score 
(designated "before repetitions”) was based 
on initial responses to all items. The other 
score (designated “‘after repetitions”) in- 
cluded responses to items that S missed on 
the first presentation and that were sub- 
sequently presented again. 

Response accuracy was represented by 
hit rates (HRs), the tendency for Ss cor- 
rectly to identify a target item as having 
appeared in the previous array, and- by 
false-alarm rates (FARs), incorrect yes re- 
sponses. Table 1 shows the pattern of 
results before and after repetitions and 
indicates that there were no differences 
between the tests. In both cases, accuracy 
scores on WW trials were substantially 
below those displayed on PP, PW, and 
WP trials. Analysis of variance (ANOVA) 
confirmed the significance of the Array 
x Test interaction, F (4, 25) = 25.25, 
p <.001, before repetitions; and F (1, 25) 
— 13.24, p « .005, after repetitions. Higher 
accuracy scores were obtained for picture 
arrays than for word arrays, the main effect 

_ of presentation mode yielding F (1, 25) 
— 12.86, p « .005, before repetitions; and 
F (1,25) = 14.00, p « .001, after repeti- 
tions. However, this array effect appeared 
to be due entirely to low performance in 
the WW condition, Tukey HSD test, 
De = 15.96, p < .05, since there were no 
reliable differences among the remaining 
three conditions, PP, PW, and WP. 

Analysis of false alarms indicated that 
the superior HRs for picture arrays may 
have been due to differences in guessing 
criteria, as picture arrays also produced 
higher FARs than word arrays, F (1, 25) 
= 10.04, p < .005, before repetitions. 

There were further indications that Ss 
shifted criteria between conditions. The 
high PW hit rates, .88 before repetitions 

and .98 after repetitions, occurred at the 

expense of relatively high FARs, 42 and 

.23, respectively. Similarly, the low HR 
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TABLE 1 


Hir Rates (HRs) AND FALSE-ALARM 
Rates (FARs) ron Each CELL 


Before repetitions | After repetitions 


Presentation/test 


HR FAR HR FAR 
Word/picture 39 | 33 | 90 | STNA 
Picture/word .88 EVI .98 23 
Picture/picture n 37 .89 BI 
Word /word ES: Xs 710 NI 


(.70) under WW conditions was associated 
with a relatively low FAR (.13). 

In an effort to clarify the relationship 
between HRs and FARs across Ss within 
each condition, a graphic technique sug- 
gested by the operating characteristic of 
signal detection theory was employed. All 
Ss were ranked with respect to their total 
number of yes responses (before repeti- 
tions). Number of yes responses may be 
related to response criterion in that few 
yes responses would indicate that S em- 
ployed a relatively strict criterion, while a 
large number of yes responses would indi- 
cate a relatively lax criterion. The func- 
tions presented in Figure 1 relate individual 
HRs and FARs cummulated from a strict . 
criterion level (the S with the fewest yes 
responses) to a lax criterion. 

As for the conventional operating charac- 
teristic, the positive diagonal represents 
complete inability to discriminate between 
signal and nonsignal trials. As the distance 
of each function from the positive diagonal 
increases, observer sensitivity, Ss’ ability ` 
to recognize accurately a target item às - 
having occurred in the previous array, 
increases. Clearly, Ss discriminated target 
stimuli from nontarget stimuli less accu- 
rately in word test conditions than they 
did in picture test conditions. 

Reaction times. Because HR patterns 
before and after repetitions showed parallel 
results, all correct responses were included 
in each S's RT score. Mean RTs and 
their standard deviations for each condition 
are presented in Table 2. As predicted, 
RTs for correct yes responses were sub- 
stantially slower for PW and WP conditions 
than for PP and WW conditions. An 


HIT RATE 
P(YES | TARGET) 


FicunE 1, Comparison of Ss’ 


Array X Test interaction was reliable, F 
(1, 25) = 4.80, p < .05. 

Correct no responses showed a similar 

trend, but the pattern of RTs was less 
. clear. Faster RTs were obtained for WW 
than for WP conditions, but there was a 
slight difference favoring word tests over 
picture tests following picture arrays. How- 
ever, the ANOVA for correct no RTs 
revealed that none of the effects reached 
- significance. The results may have been 
partially obscured by differential response 
imes associated with the two types of 
Irect mo responses. No responses indi- 
ated S's belief that the test item had been 


TABLE 2 


MEAN Reaction Times (IN SEC.) AND STANDARD 
x DEVIATIONS (IN PARENTHESES) 


Correct responses 
Presentation/test 


Yes No 
[IL 
Picture/picture 1.29 (.326) 1.65 (.421) 
Picture/word 1.38 (.355) 1.60 (.410) 
Word/picture 1.43 (.437 1.72 (410 
Word/word 1.28 (.383) 1.52 (413) 
Control 99 (589) | 1.02 (.560) 


FALSE ALARM RATE 
P(YES |NO TARGET) 


hit rates and false-alarm rates for four array-test conditions. 


4 PICTURE TEST 
© WORD TEST 


absent from the previous array, and «cu 
other occasions indicated that S was iot 
able to retrieve any information from ine 
array. An overall ANOVA, Array X ‘est 
X Response (yes or no) X Ss, confiriied 
the significance of the Array X Test inter- 
action when both yes and no responses wore 
combined, F (1, 25) = 10.53, p < .005. 

The overall ANOVA also revealed that 
correct yes RTs were reliably faster tian 
correct no RTs, F (1, 25) = 29.59, p < .001. 
Inspection of Table 2 also shows that the 
disparity between yes and no RTs was not 
present on control trials. Although no 
statistical comparisons were made of those 
trials on which Ss made incorrect responses, 
no responses again required considerably 
more time than yes responses. The mean 
incorrect no RT was 1.66 sec. and the mean 
incorrect yes RT was 1.38 sec. 


Discussion 


The fact that Ss take more time to correctly 
respond yes to a test item when it is presented 
in a mode other than that of the array items 
than when it is presented in the same mode as 
the array indicates that transfer between the 


verbal and visual memory modes requires ad- 
ditional processing time. The additional time 
was approximately the same whether the 
transfer was from picture arrays to word tests 
or from word arrays to picture tests. Such 
symmetry might suggest that the processing 
of verbal-visual inputs is similar to that of 
pictorial inputs; however, accuracy data sug- 
gested otherwise. 

The proportion of correct yes responses in 
the WW condition was considerably below 
that of each of the other conditions. A com- 
parison of HRs to FARs showed that target 
discrimination in both word test conditions 
was substantially inferior to that in either 
picture test condition, Word tests may have 
disrupted retrieval from both picture and word 
arrays. While Ss seemed to be able to retain 
arrays in the form of visual memory images, 
single-word test items may have induced Ss 
to attempt transformations of the visual infor- 
mation in the arrays to semantic or acoustic 
codes. In addition to requiring more process- 
ing time, such transformations may have lead 
to a loss of information from the visual 
memory array, as evidenced by Sperling's 
(1960, 1967) experiments. Because word ar- 
rays are probably more likely to induce verbal- 
acoustic processing than are picture arrays, 
the WW condition produced lower response 
accuracy— Ss responded at a chance level 
before repetitions—but required less processing 
time than the PW condition. A number of Ss 
reported that the information in word arrays 
was completely lost after presentation of the 
word test item and that picture arrays tended 
to persist (as afterimages) considerably longer 
than word arrays. These reports are consistent 
with statistical conclusions. 

The nature of information retrieval following 
visual-verbal and visual-pictorial presenta- 
tions is intimated by the difference in process- 
ing times between correct yes and correct no 
responses. Whereas on no trials Ss may have 
searched through all of the array items before 
responding that they had failed to find a 
match, on yes trials Ss could respond as soon 
as they found a match. Although Paivio 
(1969) has submitted that image processing is 
parallel and that verbal information is usually 
processed serially, in this experiment retrieval 
from both visual-verbal and visual-pictorial 
inputs seems to have been a serial process. 

The channels for processing picture and 
word inputs seem to be somewhat independent, 
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resulting in increased processing time whe: 
intermodal transfer is required. Nevertheless 
neither mode seems to be particularly mor 
advantageous as a presentation mode in either 
transfer or nontransfer paradigms, The prom: 
nent word test effects indicate that verbal- 
acoustic retrieval induced by word test items 
may be less effective in the present task tha 
image retrieval. Alternatively, verbal-acoustic 
processing of the word test may interfere with. 
retrieval of the visual memory image. A 
picture test item does not produce similar. 
interfering effects. -Perhaps pictorial repre- 
sentations allow access to some other code 
(e.g., semantic) that provides for cross-modal 
comparison without disrupting retrieval of the 
visual memory image. 
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procedures (intensity exponent = 


tions, 


intensity functions. A level of 300- 


Direct scaling of odor by the procedure 
of magnitude estimation often yields power 
functions of the simple form S = kC” 
relating concentration (C) to the subjec- 
tively perceived strength of odor (S). 
Odors that are diluted in liquid solvents 
(e.g., benzyl benzoate, diethyl pthalate, 
etc.) and are delivered by smelling the 
Static vapor phase above the solution are 
governed by power functions with rela- 
tively low exponents (n), ranging between 
1 and .4 (Berglund, Berglund, Engen, & 
_ Ekman, 1971; Cain, 1969; Cain & Engen, 
1969; Cain & Moskowitz, 1974; Engen, 
1964; Henion, 1971b). Cain (1969) sug- 
gested that the exponent for odor intensity 
varies directly with the solubility of an 
odorant in water—acetone and propyl 
- alcohol, which are highly water soluble, are 

governed by higher exponents than decanol 
(a 10 carbon aliphatic alcohol). When the 
odorant is diluted in vapor phase from a 
dynamic, flowing stimulus source, the ex- 
ponents tend to be higher (Cain, 1969; 
Dravnieks & Laffort, 1972; Laffot & 
Dravnieks, 1973), often by a factor of 2 or 
more. The cause for difference in the ex- 
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Thirty-three Ss scaled the odor intensity and the odor pleasantness (or un- 
pleasantness) of n butanol diluted by air in vapor phase. The results were 
fitted by power functions when the estimates were obtained from ratio scaling 
-7, pleasantness exponent = 
results of category scaling, from the same Ss, were fitted by logarithmic func- 
Although pleasantness and intensity appear to grow approximately 
equally rapidly (but in opposite directions) with concentration, the inverse 
relation holds only for the group data, not for the individual functions, The 
pleasantness functions are also subject to severe curvature, in contrast to the 
ppm butanol appears to be hedonically 
neutral to Ss, being judged neither pleasant nor unpleasant according to the 
functions obtained from the average estimates, 
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The 


ponent for solutions vs. the exponent for 7 
dynamically prepared stimuli is not entirely 7 
clear, Since the concentration of the 
odorant in the stimulus can be ascertained | 
much better when the stimulus is prepared 
by first saturating the air with vapor and — 
then dynamically diluting it to the needed _ 
extent, this method of stimulus preparation 
Seems more appropriate for intensity mea- 
surements. A 
Odor hedonics, the aspect of pleasantness 
and unpleasantness, is more difficult to 
assess for its magnitude. Individuals differ- 
in what they find pleasing and displeasing, 
and their judgments may be easily influ- | 
enced by the context in which the judg- — 
ments are made (Sandusky & Parducci, - 
1965). Age also appears to play an im- ` 
portant role, especially for unpleasant odors 
(Moncrieff, 1966). Nonetheless, odors may 
be scaled for pleasantness in order to arrive 
at à numerical representation of momen- 
tary hedonic tone. Engen and McBurney 
(1964) reported that for a collection. of 
different odorants, the range of pleasant- 
ness (125/1) was much greater than the. 3 
range of judged odor intensity (2/1). — 
Henion (1971a) reported that intensity 
functions were governed by power func- 
tions with exponents between .225 and 
-355. In contrast, the exponents for odor 
pleasantness were negative, with their ab- 
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solute values varying from .144 to .248. 
According to Henion (1971a) odor pleas- 
antness is the inverse continuum of odor 
intensity, and their relation may be likened 
to viewing one continuum from its opposite 
ends. 

The present study concerns the correla- 
tion between odor intensity, pleasantness, 
and concentration for n-butyl alcohol 
(1-butanol, CJH;OH). Recently, butanol 
was recommended as a possible odor refer- 
ence compound for odor intensity measure- 
ment by Committee E18 of the American 
Society of Testing and Materials? The 


recommendation states that the intensity ` 


of an unknown odor may be indexed by 
determining what concentration of butanol 
is judged to be equally intense. The odor 
of butanol is particularly useful in this re- 
gard because the chemical is relatively non- 
toxic, possesses a noncharacteristic odor, is 
easily obtained, and its concentration can 
be varied to produce a large range of odor 
intensities. 


METHOD 


The stimuli were eight concentrations of butanol 
(1,400, 700, 336, 168, 79, 45, 24, and 12 ppm by 
volume in air), which were presented via an air 
dilution olfactometer. 

Figure 1 presents the principal parts of the vapor- 
phase dilution olfactometer used in the present ex- 
periment. The upper left corner shows an air pump, 
which is an odorless, piston-type aquarium pump 
that can deliver up to 1,500 ml/min of free air flow. 
It supplies air to the odorant vapor generator, G. 
A water column manostat, M, controls the air pres- 
sure in the tee, T; excess air bubbles out through 
the water from an immersion tube, I. The pressure 
in T can be adjusted by changing the depth of im- 
mersion of I. 

The vapor generator consists of a 1.2-cm. (ID) 
15-cm.-long glass vessel, a capillary bypass, B, and 
their respective tubing connections. The vessel is 
charged with 3 ml. of 1-butanol through the middle 
spout, which is then closed by neoprene tubing 
plugged with a glass rod down to the end of the 
glass spout. The capillaries B and C are both 
.158-cm. (1/16 in.) stainless steel tubing; B is .076 
cm. (03 in.), C is .051 cm. (.20 in.) ID. Tubing 
of this size is used widely in gas chromatography. 
The lengths of B and C are adjusted so that 20% 


2A. Dravnieks. Support document for recom- 
mended practice for referencing suprathreshold odor 
intensity. Unpublished document, American Soci- 
ety for Testing and Materials, Philadelphia, 1974. 
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Figure 1. Schematic diagram of the air dilution 
olfactometer, showing the arrangement of the 
sources for saturated air and make-up air (top 
panel), and the arrangement of the eight ports 
around a circle (bottom panel). 


of the airflow passes over the butanol surface, 
whereas the remaining 80% bypasses through B. 
Both flows join again in the tee D, thus producing 
an airstream that contains 1-butanol vapor diluted 
by a factor of 5 from its saturation concentration. 
Odorant vapor generators G and D are connected 
by 5 cm. of .075 (ID) stainless steel capillary tubing 
E. 

Analytical measurements indicated that at flow 
rates up to 100 ml/min in the vessels shown, the 
air leaving the vessel is within 2%-3% of its satura- 
tion, and at 50 ml/min (the flow rate used here) the 
air is practically at 100% saturation. The actual 
concentration of the flow from D is calculated from. 
the book values of the 1-butanol vapor pressure at 
the temperature of the vessel, and the measured. 
split ratio of the two flows entering D. The mea- 
surements are made by detac 
the flows from B and E in a soap film flowmeter. 


» 
E 
7 
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ing D and timing — 


The immediate dilution of the saturated vapor - 


in D just after it passes over the butanol liquid is 
desirable in order to prevent the accidental con- 
densation of 1-butanol in the subsequent flow sys- 
tem if somewhere else lower temperature occurs 
there because of disturbing air currents in the test 
room. 


The connections between the capillaries on the - 


other tubing are made by short pieces of food-grade 
Tygon tubing, and an overlapping neoprene tubing 


which holds the Tygon tubing to the rest of the - 


olfactometer (i.e., other tubing, crosses, etc.). The 


capillary protrudes through the bore of the Tygon 
bing into the corresponding connector tubing. 
This minimizes the contact between the, odorant 


do not reach significant concentrations in the air 
-- stream. 

The prepared diluted vapor enters a splitter, S, 
equipped with side tubings to which eight stainless 
teel capillaries are connected by the same method 
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- FIGURE 2. Subjective magnitude estimates of 

odor intensity S(X), magnitude estimates of odor 

pleasantness P(X), category estimates of odor in- 

tensity C(X), and Category estimates of odor 

- pleasantness H(X). (Results from magnitude esti- 
mation, ratio scaling, are plotted in log-log coordi- 
nates, and results of category estimation, interval 

scaling, are plotted in semilog coordinates. In addi- 
tion, a linearized function for pleasantness is shown, 
in which 300 ppm butanol was added, arbitrarily, 
to each butanol level to achieve a more linear 
function.) 
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asmentioned above. All of these capillaries : 

cm. (OD), but their bores range from .015 t 
:024, .51, and .076 cm., respectively. Their 

are selected so that the flow from Branch & 
ml/min, from Branch 7, 60 ml/min, from Br: 

30 ml/min, etc. Teflon flexible tubing (ele 
"spaghetti") is used to connect the splitter 
glass ports (see sketch in the lower right cc 
Figure 1). In order to equalize the flow rat 
each port to 120 ml/min, additional air < 
needed flow rate is supplied to Ports 1-7,5 
tively, from another splitter equipped, for fi 
in the flow adjustments, with a separate a 
and manostat. 

The ports of the olfactometer are arranger ii 
circular assembly in spring clamps. The 
can be smelled either at the fastened ports, or « 
port can be removed and handled somewhat 
smelling flask, since the Teflon connecting tube: 
sufficiently flexible to permit such handling. 

The actual flow rate of the stimuli and the m 
up air are measured with a soap film flowmeter, so 
that parts per million by volume concentrati» 
delivered with each stimulus at a constant rate c 
be calculated. 

Subjects. The Ss were 33 students and t 
nicians. Of these, 8 were naive and had. had 
previous experience in judging odor or taste ; 
tensity. Of those remaining, 13 had had previ 
experience in the direct magnitude estimation 
taste intensity. The remaining 12 Ss participat 
previously in a study in which they judged o 
intensity, odor pleasantness, and odor quality 
simple aliphatic alcohols, None of the Ss appt 
to have any noticeable difficulties in recognizing ihe 
odors, During the course of the session each S 
sampled in a manner that was both consistent ^ 
convenient. Between sniffs 5! was required to w: t 
at least 10 sec. in order to allow any ongoing adapta- 
tion to butanol to disappear. 

Within a 30-min. session S scaled the odor of 
butanol by four procedures, with the sequence of 
procedures varied to prevent order effects, Method 
1 was the procedure of magnitude estimation of 
odor intensity. The S was presented with a standard 
concentration of butanol in vapor (168 ppm), a 
instructed to rate that standard 10, Method 2 w 
magnitude estimation of odor pleasantness. The 
scaling procedure was modified to encompass the 
presence of a neutral point of odor hedonics, sepa- 
rating the pleasantness and unpleasantness regions 
of the continuum. These two aspects of hedonics 
may lie on two different continua, rather than along 
one single continuum of pleasantness, per se. 
Neutral odors were assigned a value of 10, Pleasant 
odors were to be assigned numbers greater than 10, 
with the proviso that the ratios of numbers above 
10 reflected ratios of pleasantness. Unpleasant 
odors were to be assigned estimates less than 10, 
with the same stipulation. The Ss were instructed 
specifically to use numbers below 1.0 (fractions), 
but not zero. This extra instruction was made to 
prevent the avoidance by Ss of very low numbers. 
Method 3 was the procedure of category scaling. 
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TABLE 1 eg 
PARAMETERS OF THE Power Function (log R = n log C + log k) AND THE D. 
LOGARITHMIC FUNCTION (R = n log C + log k) FOR MAGNITUDE t um 
ESTIMATION AND CATEGORY ScALING PROCEDURES X 
a Se 
Magnitude estimation Category scaling 
Measure DERAS 
Intensity Pleasantness (+300) Intensity Pleasantness (4-300) t 
n -70 —.11 —1,49 5.24 —2.16 -441 — 
log k —.70 2,55 4.86 —8.18 9.54 15.81 
All points 
n 44 28 41 .62 16 16 
SE,* -06 10 26 31 40 14 
SEreg? 35 54 78 1.78 2.25 2.21 
F(1, 163) 124.7 64.35 322 268.5 29.2 306 — 
Mean responses (A 
2? .95 92 99 99 96 .99 22M 
SE; .09 A3 A0. EJ 26 wld; 4 
SEw; .09 13 .05. E) 25 06 7 
F(1, 3) 58.2 34.7 221.8 270.9 71.6 1,030.0 
Individual functions 
SEn ll AT 33 30 40 26 
SE k 30. 35 ,85 81 „81 1,94 


Note. All F ratios for linear regression are significant (p < .01). 


^ SEn refers to the standard error of the slope (or exponent), 
h SEr refers to the standard error of the regression. 


No odor standard was presented, Instead, 5 was 
given a 10-category scale (0-9), with 0 = no per- 
ceived odor, and 9 = the strongest possible odor. 
The Ss were instructed to assign a category estimate 
to each odor, but were not instructed about the 
distribution of category assignments, nor about any 
expectancies on the part of E. Method 4 was a 
modified method of category scaling to assess 
pleasantness and unpleasantness, The 10-category 
scale (0-9) was divided into a range from 0 (ex- 
tremely unpleasant) to 4 (slightly unpleasant), 
5 (neutral), and into a range from 6 (slightly 
pleasant) to 9 (extremely pleasant). The category 
“scale resembles the scale used for intensity estimates 
for the strength of butanol odor, but it is slightly 
biased in favor of one additional category for un- 
pleasantness, This bias is reasonable in view of the 
fact that many Ss previously tested in the authors’ 
laboratories found butanol odor to be primarily 
unpleasant or neutral, with only an occasional S 
reporting the odor as pleasant. 


RESULTS 


Figure 2 presents the four functions for 
butanol. All functions are plotted in units 
of log concentration. Magnitude estimates 
are plotted in log-log coordinates, in which 
power functions (S = kC") show up as 
straight lines (log S = 7» log C + log k), 
with the slope of the line equal to the 
exponent. Category estimates are plotted 
in log-linear coordinates (S = 7 log C + 
log k). In addition, the pleasantness func- 


tions have been plotted as a function both — 
of the actual concentration (ppm) as well — 
as against a “corrected” concentration 
(ppm + 300) that corrects for the curva- 
ture of the pleasantness functions. The — 
concentration of butanol in vapor phase 
was obtained from book values for butanol 

at ambient temperature (c. 21? C.). 

Table 1 presents the parameters of the —— 
odor functions, including the slope, inter- . 
cept, Pearson 7°, the standard error of the a 
slope, the standard error of the regression, - 
and the F ratio for the significance of the 
regression. These parameters were co 
puted for the geometric mean of the esti- 
mates (for magnitude estimation), the — 
arithmetic mean of the estimates (for cate- —.— 
gory rating), and for the entire array of. 
responses regressed against concentration 
The latter set of parameters indicates how 
well the ungrouped data agree with thi 
grouped or averaged results. The standare 
error of the regression is a measure of th 
variability of points around the best fitting 
least squares line, and represents the error 
of prediction (between predicted and ob 
tained values). 

The Ss reported that, on the average, - 
only the five highest concentrations of 
butanol possessed a noticeable odor. On 
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occasion, one or another S would report an 
odor for the lowest concentrations, but 
fewer than 50% of the Ss noted odor at 
these levels. Therefore, in Table 1 and in 
Figure 1 only the five highest concen- 
trations are shown or used to compute 
psychophysical functions. In the present 
experiment the threshold for butanol is 
-. approximately 62 ppm, based upon an aver- 
age between 45 ppm (highest concentra- 
tion not detected) and 79 ppm (lower 
concentration detected). 
The exponent for the intensity of butanol 
_ odor is approximately .7 + .08. This value 
can be compared to others elsewhere by the 
magnitude estimation procedure, with odor- 
ant concentrations dynamically prepared 
and delivered via a continuous flow pro- 
cedure. Cain (1969) reported a value of 
.64. Dravnieks in two separate sets of 
experiments obtained exponents of .61 and 
65, and used .63 as an average (Dravnieks 
— & Laffort, 1972). Thus, reasonable agree- 
= ment exists between exponents for this 
- odorant obtained independently in three 
different laboratories and averaged over 
groups of Ss (in the present study, 33 Ss; 
Cain, 15 5s; Dravnieks & Laffort, 9 Ss and 
9 Ss). In air-diluted form, therefore, the 
strength of butanol odor is only a moder- 
ately decelerating function of concentra- 
tion. A tenfold increase in physical con- 
centration is estimated to be a fivefold 
_ increase in odor intensity. When the 
‘results of category scaling are considered, 
however, one must conclude only that there 
is an increase of 5.24 category units (or 
- over 50% of the scale range). Since cate- 
gory scales lack a meaningful zero point, 
_ relative increments expressed in ratios or 
proportions cannot be inferred, thus limit- 
- ing the usefulness of this scale. 
_ Odor pleasantness of butanol, in contrast 
to odor intensity, decreases systematically 
with concentration. Butanol pleasantness 
estimated by magnitude estimation is gov- 
erned by acurvilinear function of negatively 
sloping form (and a curvilinear logarithmic 
function for category estimates). The 
power function for butanol pleasantness, 
fitted to the curvilinear results from mag- 
nitude estimation, is governed by an expo- 
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nent of —.77(+.14). As the concentration 
of butanol vapor increases, the odor un- 
pleasantness increases (thus, odor pleasant- 
ness decreases), but at a slightly faster rate 
than the concomitant increase in butanol 
odor intensity. In addition, the pleasant: 
ness function for butanol is curved, so that. 
the function may be. even steeper when — 
linearized. In Figure 1 the pleasantness - 
function is shown for both the actual con- 
centration (ppm) and for the concentration x 
+300 ppm, an additive constant that was 
selected as an arbitrary round-numbered ` 
value that linearized both category and 
ratio pleasantness curves. For ratio scaling - 
the exponent rises in absolute magnitude 
to — 1.49, suggesting that odor unpleasant- 
ness may increase more rapidly with con- _ 
centration than odor intensity. This single | 
correction factor is appropriate only for - 
grouped data, and not appropriate for 
individual functions, which exhibit idio- 
Syncratic curvature. Table 1 presents the 
F statistic for all points for both linearized _ 
(32.2) and nonlinearized curves (64.3), as 
well as the standard error of estimate of i 
the slope (.10 for nonlinearized functions 
vs. .26 for linearized functions). These q 
increases in the goodness-of-fit. statistics 
for nonlinearized data suggest that applying 
the same correction factor to the data of all 
Ss might not only obscure individual phe- 
nomena but add substantial noise to the 
data as well. A similar result can be ob- 
tained for the category scales of odor 
pleasantness. 

The category slope for pleasantness, 
—2.16, is substantially lower than the 
concomitant intensity slope of 5.24. Part 
of the discrepancy can be traced to the 
number of categories available for in tensity 
judgments (n = 10 categories) vs. the 
number available for pleasantness ratings 
(n — 5 for the unpleasantness side of the 
scale). Full use of the ranges of both scales 
would yield slopes that lie in the ratio of 
2/1, which is closer to the ratio 5.24/2.16. 
Provided that the category scale for butanol 
pleasantness (or unpleasantness) is cor- 
rected for shortness but not for curvature, 
the pleasantness and intensity scales are 
commensurate in slope but opposite in sign, 
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SLOPE 


PLEASANTNESS 


INTENSITY SLOPE 


Ficure 3. The relation between individual slopes for butanol odor intensity 
(abscissa) and butanol odor pleasantness/unpleasantness (ordinate), for 33 Ss, 
(Two sets of data are presented, from ratio scaling and from category scaling.) 


as they were for the ratio scale. With the 
addition of 300-ppm butanol to the con- 
centration the function is linearized, but 
again the slope rises to —4.11. Hence, 
category and ratio scales obey the same dis- 
tortions in their effective scales, are 
linearized by approximately the same value, 
and are commensurate with their intensity 
scales provided scale shortness is accounted 
for. 

Despite the attractive possibility that 
odor intensity and odor pleasantness are 
simply the inverse of each other, the indi- 
vidual data suggest that they are not. 
Figure 3 presents a plot of the slopes for 
the intensity scale against those for pleas- 
antness for the 33 Ss, for both types of 
scaling. An inverse relation means that 
the points for both types of scales would 
fall along a diagonal with slope —1 for 
ratio scaling (magnitude estimation), or a 
slope of —1/2 for category scaling. The 
correlation would be moderate (e.g., .5 or 
more) if the relation holds across many Ss. 
For magnitude estimation the correlation 
is relatively low (r = —.33) and for 
category rating the relation is virtually a 
random one (r — .02). Some Ss found the 
odor of butanol to increase in pleasantness 
with concentration, but eliminating these 


anomalous results does not improve the 
correlation substantially. 

A separate set of analyses was done to 
describe the relation between the slopes 
(exponents) from magnitude estimation of 
intensity and category estimation of inten- 
sity, as well as the parallel functions for 
pleasantness. The aim was to determine 
whether Ss who use small ranges of the 
category scale would constrict their range 
of the number continuum in magnitude 
estimation, and vice versa, or whether the 
constrictions that lead to changed slopes 
are specific to the scaling procedure alone. 
In a sense this analysis extends the ob- 
servation by Stevens and Greenbaum 
(1966), called the "regression effect in psy- 
chophysical judgment." However, they 
suggested that a way to eliminate the 
constrictions is to perform the matching 
operation in both directions (e.g., vary odor 
to match numbers as well as numbers to 
match odor) Here, the approach is to 
determine correlated shrinkage of a scale 
across methods of scaling. 

Table 2 presents the set of correlations 
and predictor equations. Note that the 
regression. functions were computed by 
least squares procedures, with each variable 
in turn serving as the predictor. The func- 
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TABLE 2 


RELATIONS AMONG SLOPES FROM 
SCALING PROCEDURES 


Dimension Predictor equations T 
Intensity-intensity ME = .17 CS — 23 +.48 
CS = 1.31 ME + 4.33 +48 
Pleasantness-pleasantness | ME = .24CS — .37 +.54 
CS = 1.23 ME — 1.26 +.54 
Intensity-pleasantness ME, = — .32; — .37 —.33 
CS, = .03 CS; — 2.31 +.02 


Note, Abbreviations: ME = magnitude estimation, CS = 
category scaling, 


tions were averaged after expressing the 
function in terms of one variable always 
serving as the predictor. By this procedure 
the average function can be obtained, and 
represents a “best fit" when both variables 
are subject to error. 

The correlations between scales are only 
moderate, both for intensity (r = .48) and 
for pleasantness (r = .54). From this 
limited sample, however, one may hy- 
pothesize that Ss who constrict the use of 
numbers on one scale may not do so on 
another scale. Hence, these results raise 
the interesting possibility that the regres- 
sion effect in measurement may be parti- 
tionable into components contributed by 
the scale being used (magnitude estimation 
ys. category scaling), the continuum being 
judged (odor vs. another continuum, e.g., 
line length or loudness), and the attribute 
being judged (pleasantness vs. intensity, 
etc.). 


Discussion 


. Henion (197 1a) suggested that odor intensity 
and pleasantness (or unpleasantness) form a 
single continuum, with origins at opposite ends. 
Although the average slopes of the intensity 
and pleasantness functions are approximately 
Opposite in sign and equal in magnitude, appeal 
to individual functions shows that Henion's 
hypothesis may be untenable for the odor in- 
tensity and pleasantness of butanol. Odor 
pleasantness, in addition, is an idiosyncratic 
continuum. Continued experience with the 
odor of butanol, expectancies on the part of 
S that butanol will be followed by even more 
unpleasant odors, and the context of judgment 
and preceding stimuli all may cause variations 
in the pleasantness functions of butanol but 
would be expected to leave its intensity func- 
tion invariant and unaltered, 
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The presence of subjectively neutr: odors, 
which themselves can be scaled for in nsity, 
raises the question about the positio. of a 
“neutral point" in scales of hedonic Does 
the neutral point constitute a floati: region 
within a single continuum of plea ness- 
unpleasantness, does it define a bre: int of 
definite position in a scale that is bin. -: (but 
with the properties that each side of + > scale 
is the mirror image of the other) or, -; fact, 
does the neutral point actually sepa: te two | 
separate, noncollinear scales th ıl to 


quite different processes of hedonic ev tion? 

In previous studies of taste hedonic cher 
& Fisher, 1969; Moskowitz, 1971) the ». eptaz 
bility (or pleasantness) of the sweet ta was 
shown to grow as a decelerating function of 
concentration. When the pleasantness udg- 
ment was plotted as a function of swe: iness 
(for the same concentration), the (o «tion 
relating the two variables could be ited 
by a power function P = pS», aste 
pleasantness, therefore, is a decelerati unc. 
tion of sweetness so that the two a "utes 
are governed by quite different psych sical 


laws. 
It is challenging to inquire about ‘ie : 
bility of general intensity-pleasantn «s - 


tions. At least two possible classes of : ns 
should be considered: (a) Odor hedonic: ::ow 
either parallel with or precisely inversel, vith 


odor intensity at the group level (expone: - = 
1.0 or —1.0, respectively, if the functions are 
expressed as power functions) ; and (b) plea int 
odors and tastes grow less rapidly in «ect 
than in intensity. However, the affec: o° un- 
pleasant tastes and odors is directly the in- 
verse of their intensities. Data from an 
unpublished study by Moskowitz on taste of 
acids, salts, quinine (bitter), and sugars sug- 
gest that Possibility 5 holds for both magnitude 
estimation and category Scaling of different 
taste substances. The pleasantness of a sugar 
(glucose) is governed by an increasing function 
of concentration (up to 1.0 M concentration), 
but the function has a slope lower than its 
Sweetness slope. The sourness of citric acid 
and the bitterness of quinine sulfate, however, 
grow as rapidly as the unpleasantnesses of 
these tastants. The ratings were obtained by 
category scaling, and the slopes computed by 
least squares procedures (affective rating = n 
log concentration + log k). 

Further studies of odor hedonics for varia- 
tions of one odorant in concentration require 
the concomitant assessment of odor intensity 
as well. Provision must be made for the in- 
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sertion of an appropriate anchor point at 
neutral. This raises the possibility that as an 
odor changes in intensity it may pass through 
the region of liking to neutrality, and then to 
the region of disliking. According to Possi- 
bility b, therefore, one might expect to see the 
same odor governed by two different hedonic 
functions, one function appropriate for each 
region of the hedonic scale. 

Finally, the relatively high exponent ob- 
tained here for the intensity of butanol (.7) 
confirms the suggestion of Cain (1969) that 
odorants diluted in air yield higher exponents 
for power functions governing intensity. It is 
quite possible that the exponent differences 
result simply from the different ranges of con- 
centration. In static phase, a 1,000/1 dilution 
of an odorant (e.g., butanol, pentanol) may 
produce a substantially lower range of con- 
centration. In glass vessels the odorant may 
adsorb onto the wall, and the resultant nomi- 
nal concentration might be expected to be 
different from the concentration reaching S. 
Observations with pentanol and heptanol in 
the first author's laboratory suggest, for ex- 
ample that a 10/1 increase in pentanol or a 
100/1 increase in heptanol in paraffin oil pro- 
duce much smaller (3-5/1) changes in vapor 
phase concentration as measured with a flame 
ionization detector and gas chromatograph 
(Hewlett-Packard 5700). A similar asym- 
metry might exist for butanol, as well, and 
might account in part for the discrepancies 
among exponents, 
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following stimulus presentation. 


of Experiment II, which used simple 


Recent research has increasingly focused 
on the processing involved in the storage 
- of visually. presented information. The 
basic question underlying this issue is 
_ whether visual material is retained in the 
same manner as verbal material. A way 
of answering this question is to manipulate 
variables which are known to affect verbal 
retention and note whether they also affect 
. visual retention. One of these variables is 
exposure duration. Using complex mean- 
"ingful pictures as stimuli, Shaffer and 
Shiffrin (1972) found that recognition ac- 
curacy is greatly affected by exposure time. 
- Similar effects had been found with verbal 
= material. Shaffer and Shiffrin also varied 
the duration of blank periods between 
stimulus exposures in order to determine 
whether processing analogous to verbal 
rehearsal occurs during the storage of 
visual information. They found that the 
_ probability of correct recognition was not 
- influenced by the time between successive 
exposures. They concluded that visual in- 
formation is stored without rehearsal and 
that no additional processing is necessary 
following the termination of the stimulus 
exposure. 


1 The authors are grateful to Gordon B. Harding 
and io Richard E. Christ for their comments on 
earlier versions of this article. 

* Requests for reprints should be sent to David 
W. Martin, Department of Psychology, Box 3452, 
New Mexico State University, Las Cruces, New 
Mexico 88003. 
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MEMORY FOR RANDOM SHAPES: 
A DUAL-TASK ANALYSIS: 


RICHARD T. KELLY Ap DAVID W. MARTIN? 


New Mexico State University 


Two experiments examined the role of rehearsal in the storage of visual informa- 
tion. Both experiments involved recognition of random shapes which varied 
factorially along five levels of complexity and two levels of codability, In 
Experiment I an interpolated activity 
The interpolated task degraded recognition 
accuracy. Verbal codability facilitated recognition performance, but no 
main effect of stimulus complexity on recognition was found. 
reaction time probes rather than an in- 
terpolated activity, replicate these effects. 
appears to require processing capacity. Stimulus characteristics, such as 
codability, affect the extent of this processing. 


was performed during 4-sec, intervals 


The results 


Retention of visual information 


However, Posner and Konick 
found that Ss who were required t 


66) 
og- 


nize the position of a dot on a line par- 
ently did rehearse the visual infor: ion, 
Dot location errors increased as th. ten- 
tion interval varied from 0 to 20 sc. and | 
as the difficulty of interpolated a. “ity 
during the retention interval incr: sed. 
These results indicate that retenti of. 
visual information does require a fo; of 2 
processing. Shaffer and Shiffrin C /2) 


argue that the complex pictures uso in 


their study may have required less p;- :es- 
sing during retention than the simple -..;m- 
uli used by Posner and Konick. uS, 
stimulus complexity may affect the effi- 
ciency with which visual information : lay 


be retained. 

In addition to stimulus complexity, the 
ease with which visual material may be 
verbally coded has been shown to afect 
retention. Clark (1965) has examined the 
role of verbal codability and stimulus 
complexity in the storage of visual infor- 
mation. Using random shapes as stimuli, 
complex shapes were more accurately recog- 
nized when they were easily coded verbally 
than when a verbal code was difficult to 
establish. No effect of verbal codability 
was found for simple figures. Moreover, 
Clark found no main effect of stimulus 
complexity on recognition accuracy. From 
these data, he concluded that simple figures 
were stored via imagery while complex 
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— shapes were stored on the basis of a verbal 
code. 

Clark's (1965) results suggest that figures 

iat are difficult to encode verbally are 
ilso more difficult to retain as complexity 
increases. Conversely, shapes that are 
more readily coded verbally are retained 
better at higher levels of complexity. This 
relationship is supported by the results of 
Posner and Konick (1966) and of Wyant, 
Banks, Berger, and Wright (1972). Using 
simple stimuli, Posner and Konick found 
that recognition performance was not in- 
fluenced by verbal cues. However, for 
complex visual material, Wyant et al. report 
that the degree to which the stimulus can 
be described verbally is directly related to 
recognition accuracy. 

The present study attempts to determine 
whether retention of visual material re- 
quires processing analogous to the rehearsal 
of verbal material. In order to examine 
this, the first experiment employed an 
interpolated addition task. It was as- 
sumed that this addition task would inter- 
fere with any processing of the stimulus 
figures which might occur. If processing 
similar to verbal rehearsal is operating 
during the retention of the visual items, 
then recognition would be expected to be 
more accurate when the recognition task 
is performed alone than when the addition 
task is also performed. Instead of using 
an interpolated task, the second experi- 
ment examined the processing required by 
the recognition task using a residual pro- 
cessing capacity (RPC) methodology. A 
second objective was to determine whether 
the processing that may occur is affected 
by the verbal codability or complexity of 
the items to be stored. In both experi- 
ments, the complexity and codability of 
random shapes were varied within Ss 
in order to study the relationships be- 
tween these factors and visual information 
processing. 


EXPERIMENT I 
Method 


Subjects, Twenty-one undergraduate students 
volunteered to serve as Ss in order to earn extra 
credit for an introductory psychology course. The 
data from 1 S were excluded from the analysis for 


failing to meet the criterion of at least 85% correct. 


on the addition task. The Ss were randomly as- 


signed, 10 to the rest condition and 10 to the add | 


condition. Each .S participated individually in 


the experimental session, which lasted approximately 


40 min. 

Apparatus. One channel of a stereophonic tape 
recorder was used to operate a Kodak Carousel 
Model 850 slide projector via a Kodak Carousel 
Model II sound synchronizer. The second channel 
was used to present the interpolated task material 
to S through headphones. The slide projector was 
used to present the visual material to S. The 
stimulus figures were projected onto a 60 X 60 em. 
screen approximately 2.4 m. in front of S. The 
size of the stimuli was such that they fit into à 
circle 38 cm. in diameter. The projector illumina- 
tion selector was set at the 500 w. position. A 
second tape recorder was used to record 5's verbal 
responses during the recognition test and during the 
interpolated task. 

Visual material. One hundred and fifty ran- 
domly constructed black-on-white shapes mounted 
in slides were used as the visual material. "These 
shapes were taken from the 6-, 8-, 12-, 16-, and 24- 
point figures constructed by Vanderplas and Garvin 
(1959). The distribution of the percentages of 50 
Ss making a verbal association to each of these 
figures, as reported in Table 1 of Vanderplas and 
Garvin, was divided approximately equally about 
the median to define the shapes of high and low 
codability. 

Of the 150 shapes, 100 were presented as the 
initial stimulus set, 50 of these were duplicated for 
use as target items in the recognition test, and the 
remaining 50 shapes were used as distractor items, 
On each of 20 trials, 5 shapes were presented in both 
the initial stimulus set and in the recognition test. 
The stimulus shapes were assigned to each trial 
according to an incomplete-block design, such that 
each of the five levels of complexity appeared once 
in each stimulus set. Codability of the stimulus 
shapes was balanced within each series of 4 trials. 
Either 2 or 3 of the slides in the recognition test 
duplicated the original stimulus figures. These 
target shapes were ordered randomly within each 
recognition test series and were balanced for com- 
plexity and codability within each series of 4 trials. 
The remaining half of the recognition test figures 
were distractor shapes that had not been previously 
exposed. These distractor items, which also varied 
in complexity and codability, were assigned ran- 
domly to the remaining positions in the recognition 
test. 

Interpolated tasks. The interpolated tasks in- 
volved either rest or the addition of three one-digit 
numbers, In both conditions, Ss heard three single 
digits over headphones at the onset of a 4-sec. in- 
terval following the exposure of the stimulus figure. 
Presentation of the digits was completed within 
the first third of this 4-sec. interval. During this 
interval, Ss in the add condition were required to 
verbally report the sum of the three digits. The Ss 
were encouraged to perform this task quickly and 
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accurately. Although Ss in the rest condition also 
heard the digits, they were instructed to ignore 
them, 

The digit sets used in this task were constructed 
randomly from the numbers 2-9 with the constraint 
that no single number appear three times in the 
same set and that there be at least one number from 
both the low (2-5) and high (6-9) range in each set, 
"These restrictions were used to control the difficulty 
of the addition task. 

Procedure, Each S read a set of instructions 
which explained the recognition task and established 
either the rest or the add condition. 

On each of the 20 trials, a 2-sec. darkening of the 
Screen signaled the beginning of a trial. Five 6-sec. 
periods followed. Each of these periods began with 
a 2-sec. exposure of one of the stimulus shapes. 
The screen was then darkened for 4 sec., and the 
three digits were presented aurally to S. In the 
add condition, Ss were instructed to verbally report 
the sum as soon as possible, Following the five 
6-sec. stimulus presentation periods, the screen was 
illuminated for 30 sec. A slide with the word 
recall signaled the end of this retention interval and 
the initiation of the recognition series. Five slides 
were then exposed sequentially for 2 sec. each, 
Either two or three of these slides were duplicates 
of those shown during the presentation interval. 
During the time in which each test slide was ex- 
posed, 5 was required to state whether or not that 
slide was a member of the previously presented set 
by verbally responding yes if the slide had been 

- shown before or no if it had not been exposed previ- 
ously. After presentation of the five test slides, a 
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FIGURE 1. Percent correct recognition as a func- 
tion of complexity for high and low codable (cop.) 
figures with and without an interpolated activity 
(INT. ACT.). 
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slide with the word stop was presented to indi 


the end of that trial. The screen was then illumi- 
nated for a 14-sec. rest period prior to the eginning 
of the next trial. The total duration 3 single 
trial was 90 sec. Trials 10 and 11 wer parated 
by a short midsession break. 
Results and. Discussion 

The mean percent correct on addi- 


tion task was 92.8%. An analy. of 
shapes associated with the addi: 
showed no systematic effect. | 
that Ss were willing to devote a icient 
amount of processing capacity accus. 
rately perform the addition task. 1 

Figure 1 presents the mean per ontage 
of correct recognition as a fun: on of x 
complexity, codability, and inte. lated 
task. An analysis of variance ed a 
significant effect of interpolated sk, F 
(1, 18) = 17.75, p < .01. The ov: | per- 
formance level for the rest condi; » was 
76.2% as compared with 61.3% cor: ct for 


‘pears: 


the add condition. This differen sug- 
gests that the processing capacity ex; -nded 
on the addition task was sufficient :o de- 
grade the processing necessary for rei: «tion 
of the figures. Apparently, retenti: n of 
the visual material does require proc. ssing 
even after the stimulus is no longer presenta 
The effect of stimulus complexi::’ did 
not approach significance, F (4, 72) = .37, 
Verbal codability was found to signi-antly: 
facilitate retention, F (1, 18) = 5.5 DES 
-05. Mean recognition accuracy ic: the 


easily codable shapes was 71.195 as com- 
pared with 66.4% for forms difficult to. 
code verbally. The Codability x inter- 
polated Task interaction approached sig- 
nificance, F (1, 18) = 3.10, p < .10, and - 
Suggested that the influence of verbal 
codability on retention was found almost 
entirely in the add condition. This sug- 
gestion was confirmed by a comparison of . 
the means using the Tukey procedure. The 
difference between recognition accuracy 
for the high and low codable shapes was |. 
not significant in the rest condition but did 
reach significance in the add condition — 
(5 < .05). 

The significant interaction of complexity |. 
and codability on percent correct recogni- 


tion, F (4, 72) = 4.89, p < .01, is shown 
in Figure 2. Inspection of this figure indi- 
cates that codability seems to have no 
differential effect for shapes of from 6 to 
16 points. However, for complex 24-point 
shapes, highly codable items are correctly 


recognized at a much higher percentage 
than Jow codable figures. A comparison 
of the means by the Tukey procedure 
confirmed this interpretation. The differ- 


ence in corr recognition between high 
and low codability was nonsignificant for 
the 6-, 8-, 12-, and 16-point shapes. The 
difference between high and low codability 
was found to be significant (p < .01) for 
the 24-point shapes. This interaction sup- 
ports previous research where verbal cod- 
ability has been found to be directly related 
to recognition accuracy for complex but 
not for simple figures (Clark, 1965; Posner 
& Konick, 1966; Wyant et al., 1972). The 
absence of a codability effect for simple 
iwures suggests that retention of these 
tapes is largely independent of verbal 
coding, Perhaps, as indicated by Clark 
(1965) and by Posner and Konick (1966), 
:nple shapes are retained by imagery or 
visual coding. The effectiveness of a visual 
code, however, may progressively decrease 
as the visual material becomes more com- 
plex and confusable. Correspondingly, 
vbal coding may become more useful 
w complex visual material. 


EXPERIMENT II 


1n Experiment I it was assumed that the 
interpolated activity of adding three digits 
"Sshibited rehearsal. Subsequent recogni- 
ion accuracy was thought to reflect the 
extent to which rehearsal was necessary 
for the perfect performance of the task. 
^ number of studies have indicated that 
se inferences appear to be justified when 
verbal material is used (e.g., Crowder, 
1967; Posner & Rossman, 1965). How- 
ever, the use of interpolated tasks to 
inhibit rehearsal of visual material has 
been extremely limited. Therefore, an 
attempt was made to confirm the results 
of Experiment I using an alternative pro- 
cedure. The objective of Experiment II 
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Ficure 2. Percent correct recognition as a func- 
tion of complexity for high and low codable (cop.) 
figures. 


was to replicate the general findings of 
Experiment I using an RPC technique. 

Several studies (Johnston, Greenberg, 
Fisher, & Martin, 1970; Martin, 1970; 
Martin, Marston, & Kelly, 1973) have indi- 
cated that the information processing re- 
quirements of a primary task may be 
inferred from the performance of a concur- 
rent secondary task. It is assumed that 
man has a limited capacity to process 
information. Fora given task this capacity 
may be considered to be fixed. If a primary 
task requires less than the total processing 
capacity, then a residual amount of ca- 
pacity must remain. This residual pro- 
cessing capacity is reflected in the perform- 
ance of a concurrent secondary task. If 
the primary task is performed at a nearly 
optimal level, then secondary task perform- 
ance may be used to infer the amount of 
processing expended while performing the 
primary task. 


Method 


Subjects. Eighteen undergraduate volunteers 
served as Ss in this experiment. These Ss were 
similar to those used in Experiment I, One S 
failed to meet the criterion of at least 75% correct 
recognition and was excluded from the analysis. ; 
Apparatus. The apparatus used in this experi- 
ment was essentially the same as that employed 
in the previous experiment. However, instead of 


presenting the interpolated task material, the 
second channel of the stereophonic tape recorder 
was used to initiate a stimulus light and timer for 
the simple reaction time (RT) task. The stimulus 
light was a red jewel lamp positioned directly below 
the projection screen. The Ss responded to the 
stimulus light by pressing a button with their 
` preferred thumb, E 
Procedure, The visual material and procedure 
used in this experiment were similar to Experiment 
I, although no interpolated tasks were employed in 
this experiment. During the 4-sec, period following 
each stimulus presentation, RT probes were pre- 
sented. Of the five periods in each trial, RT probes 
were presented in only two or three, The onset of 
these RT probes was varied between 1, 2, and 3 sec. 
into the 4-sec. intervals. Although Ss were en- 
couraged to respond to the stimulus light as 
quickly as possible, the instructions emphasized that 
the RT task was of secondary importance to the 
retention of the stimulus figures, 
In addition to the 20 experimental trials, there 
- were 2 RT-only trials One of these trials was 
- distributed randomly among the trials within each 
half of the session. On these trials no stimulus 
- forms were presented, but slides labeled reaction 
Hime were exposed during the intervals normally 
filled by stimulus presentation. During RT-only 
trials, Ss were instructed to devote full attention 
- to the RT task. These trials enabled a baselevel 
RT to be calculated for each S, 


Bs Results and Discussion 


The mean percentage of figures correctly 
recognized was 81.9%. This level of ac- 
curacy is comparable to the recognition 
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FIGURE 3. Deviation from baselevel RT as a 
function of complexity for high and low codable 
(cop.) figures. 
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performance reported for the re 
tion in Experiment I. An ans 
variance was conducted on the percsa 
of correctly recognized figures. 
stimulus complexity, F (4, 64) = 129 
verbal codability, F (1, 16) Y 
found to reach significance. Simila: 
were found for the rest condition in : 
ment I; complexity, F (4, 36) = 
codability, F (1,9) = 17. The Co: 
X Codability interaction was sign: 
Experiment II, F (4, 64) = 11.11, 
as in the rest condition of Experi 
F (4, 36) = 3.05, p < .01. These 
indicate that the recognition task v 
formed as well as in the rest cond: 
Experiment I. The requirement i 
by the RPC method that the prim 
be performed at an optimal leve! ea; 
to have been met. 

In order to reduce the varia; 4 
RTs due to differences in basele 
formance between Ss, the deviati from 
the median baselevel RT were cal. iated 
and used as the basic data for eaci. S in 


per- 


each experimental condition. The an 
deviation from baselevel RT was 178 : :ec, 
The magnitude of this change in RT  di- 
cates that further processing of the v ual 
material, perhaps in the form of rehea sal, 
is conducted even after the stimulus © no 
longer present. This finding is cons! ent 
with the results of Experiment I « ! is- 
compatible with the conclusion tha: © nen 
visual information is retained, rehear] is 


typically present. 

Figure 3 shows the deviation from base- 
level RT as a function of complexity and 
codability. An analysis of variance was 
performed on the changes from baseievel 
RT that were calculated for each S. As in 
Experiment I, stimulus complexity failed 
to reach significance, F (4, 64) — .48. 
Verbal codability was again found to be a 
significant effect, F (1, 16) = 5.26, p< 
.05. The amount of processing capacity 
expended in storing highly codable figures 
is apparently less than for figures which 
are difficult to code verbally. As can be 
Seen in Figure 3, the interaction between 
complexity and codability did not approach 
significance, F (4, 64) = .03. Although a 
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significant Complexity X Codability inter- 
sn was found in Experiment I, the 
» to find this effect here is not neces- 
v contradictory. In Experiment I, an 
ponse was required in a recogni- 


overt 

tion following retention for more than 
30 & fowever, secondary task per- 
formance, as used here, did not require a 
recognition response and followed the ini- 
tial stimulus presentation closely. The 


different operations required in these studies 
may account for this apparent discrepancy. 

The experimental design did not permit 
a statistical evaluation of RT as a function 
of probe position. However, the mean RT 
was computed for each of the three probe 
positions in order to provide an indication 
of the overall effect. The mean deviations 
from baselevel RT were 200, 196, and 179 
msec., respectively, for probes 1, 2, and 3 
sec. into the 4-sec. interval following stimu- 
lus exposure. The absence of major dif- 
ferences between probe positions indicates 
that the processing which occurred during 
the interval was relatively constant. 


GENERAL DISCUSSION 


The results of these two experiments are 
quite consistent. Both experiments indicate 
that visual material continues to require pro- 
cessing capacity even after termination of a 
stimulus. Moreover, this processing, which 
may be referred to as rehearsal, appears to be 
necessary for retention. The main effect of 
complexity was found to be nonsignificant in 
both experiments. However, the ease with 
which the figures could be given a verbal label 
was found to affect retention in both studies. 
For highly complex stimuli, figures that can be 
easily coded verbally are retained better than 
shapes that are more difficult to code in this 
way. Retention of simple figures appears to 
be independent of verbal codability. 

The present results seem to contradict the 
findings of Shaffer and Shiffrin (1972). How- 
ever, the stimuli used here were different from 
those used in the previous study. Even though 
the Vanderplas figures varied in complexity 
and codability, the high-complexity figures 
were certainly not comparable in complexity 


or codability to the pictorial material used 
previously. The results reported here indicate 
that as figures become more complex and 


and codability than used here, e.g., pictures, 
little or no processing would be required. 
Thus, the results of the two experiments re- 


ported here are not necessarily inconsistent ^ 


with those of Shaffer and Shiffrin. Neverthe- 
less, their conclusion that visual material does 
not require processing analogous to rehearsal 
must be qualified. The storage of relatively 
simple and codable figures apparently does 
require a form of active processing. 
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codable, they require less processing for reten- i 
tion. Perhaps at higher levels of complexity 
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ORGANIZATIONAL ATTRIBUTES IN LIST ACQUISITION 
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Acquisition and delayed retention were investigated for a list that could be 
hierarchically structured according to taxonomic, orthographic, and relative 
size attributes, 


about additional attributes and the presence of the taxonomic attribute as the 
Free-recall retention was also facilitated 
when the taxonomic attribute was the primary list attribute, but there was no 
effect of number of instructed retrieval attributes, Organization data showed 
that the latter result was not due to the loss of any attributes in multiple at- 
tribute conditions, The results were explained in terms of levels of processing 


Studies of free and cued recall have 
greatly influenced current theories of human 
memory, particularly with respect to the 
importance of organizational processes in 
learning and retention. However, organi- 
zational studies in free recall have been 
concerned almost exclusively with ques- 
tions of list acquisition, with little or no 
consideration of retention (e.g., Shuell, 
1969). While it may seem reasonable to 
= assume continuity with respect to the role 
of organization in acquisition and retention 
(e.g., Mandler, 1967), such assumptions 
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may be faulty (Underwood, 1964), hus, ~ 


a basic issue that remains to be cons. ‘ered — 
is whether those variables affecti: list 
acquisition through their influence on rga- 


nization will also show similar effec’ on 
retention. 

One way to approach this problem .. to 
manipulate the organizational structu: . of - 
a single list of items. This approach re- 
sults in controlled organization sche: ies 
that differ throughout the course of ist 1 
acquisition. Thus, by the use of a ~on- 
strained recall task for acquisition are an 


unconstrained retention test, one car isk 
which type of scheme is most effective for 
acquisition independently of the abili: to 
retain that scheme and its effects upo:: re- 
tention. Within the present design, these 
different organizational Schemes were a 


function of various combinations of three 
attributes that could be used to structure 
the same list of items, The three attributes 
Were taxonomic category, initial letter, and 
the relative size of an object within its re- 
spective category (e.g., CAMEL vs. CHIP- 
MUNK). The two independent dimensions 
of taxonomic category and initial letter 
Were orthogonal, and either one could serve 
as the main cue for recall with the other 
two nested beneath it in a recursive hierar- 
chical scheme. The Present experiment at- 
tempted to assess list acquisition and reten- 


230 


"S 


as a function of these different types 
attributes as well as the number of 
tes within the organizational scheme. 
of attributes refers to the specific 
ons given to Ss about the rules used 
ct the list in the form of a one-, 
i"ce-level hierarchy. In all cases, 
nomic category or initial letter 
served a: the primary attribute in the hier- 
archy, and tbe conditions differed in the 
amount of additional information about the 
remaining attributes. Control over the 
encoding or organizational attributes was 
maintained by cued recall testing which 
reflected only the originally instructed hier- 
archical structure. 
The present manipulation of organiza- 
tion through number and type of attributes 
in a constrained acquisition situation is 
also directly concerned with an attribute 
interpretation of memory. Underwood 
(1969) has proposed that the acquisition 
of a list can be viewed in terms of the 
storage of attribute information, while re- 
tention involves the loss of that information 
over the course of the retention interval. 
He also distinguished between retrieval and 
discriminative attributes that may differ- 
entially affect acquisition and retention. 
Both taxonomic category and initial letter 
are considered as retrieval attributes, but 
a direct comparison of the retrieval capacity 
of the two attributes has not been done 
under conditions controlling attribute or 
organizational output structure. Lauer 
and Battig (1972) have shown that Ss 
prefer to use the taxonomic attribute, but 
they did not constrain organization during 
acquisition, and therefore one cannot con- 
clude from their data that taxonomic cate- 
gories are more efficient retrieval cues than 
initial letters. The pattern of preferences 
would lead one to suspect that they would 
be, but this needs to be conclusively demon- 
strated. Additionally, the effects on acqui- 
sition and retention must also be compared. 
Another question of importance involves 
the effect of multiple retrieval attributes 
on both acquisition and retention. The 
attribute theory proposes that recall is a 
function of the number of retrieval at- 


tributes available to S during acquisition 


tion 
of 


umber 
instru 
toc 
EWO, 


either 
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and retention. The failure to find such an 
acquisition facilitation in the Lauer and 
Battig (1972) study may have been a 
function of the aforementioned lack of; 
control over recall organization and/or the - 
inability to use the list attributes in a con- ~ 
sistent hierarchical retrieval plan. The 
present experiment eliminates these two 
problems. Also, by emphasizing hierarchi- 
cal attribute structures, it relates directly to 
organizational theories of memory. Models 
of memory based upon hierarchical orga- - 
nization (e.g., Mandler, 1967) also predict 
that elaborated hierarchical organization 
schemes will facilitate acquisition and re- 
tention. Tests of this position generally 
confirm the importance of hierarchical 
structures in acquisition (e.g., Bower, 
Clark, Lesgold, & Winzenz, 1969), but fail 
to consider retention. At a more general 
level, hierarchical organization may imply 
an elaboration of retrieval attributes, thus 
making this type of theory compatible with 
attribute theories. Both theoretical posi- 
tions will predict acquisition and retention 
facilitation as a function of the number of 
hierarchically nested attributes that S has 
available within the retrieval task. ‘The 
present experiment provides a direct test 
of this prediction, and thus considers the 
organization-retention problem by relating 
it to attribute structure and attribute 
theories of memory. 

One final problem that the present ex- 
periment attempted to explore was the 
separation of attributes into retrieval and 
discriminative categories. One way to 
consider which attributes serve a discrimi- 
native function or enter into the decision 
process is within a recognition reaction 
time task where the attributes of the 
stimulus presentation are controlled. This 
can be done with item pairs, as well as with 
single items. Within the item-pair condi- 
tion, it was possible to systematically ma- 
nipulate the extent of attribute overlap 
within a pair of items independently of 
general attribute overlap of the pair with 
the originally acquired list. Such a test 
should permit some assessment of the 
extent to which the attribute(s) of a well- 


organized list enter into decision processes 


and whether the presently manipulated 
. attributes differ in their importance for 
recognition as well as recall. 


METHOD 

Design 
The design of this experiment was a 3 X 2 x2 
X 2 factorial manipulating number of instructed 
- €ues (three, two, or one), main hierarchy cue (cate- 
goric or alphabetic), point of cue information (be- 
fore or after presentation on Trial 2), and rehearsal 
(item only or item plus cues). The combination 
of the number of cues and main cue variables pro- 
- duced the following 6 major groups: category— 
_ alphabet-size (CAS), alphabet-category-size (ACS), 
-category-size (CS), alphabet-category (AC), cate- 
. gory (C), and alphabet (A). There was one addi- 
- tional free-recall control group, which was given no 
cues during learning and had item-only rehearsal. 
_ After all the uncued recall tests had been given, an 
additional variable was introduced to all 25 groups 
which involved the type of cuing sequence (either 
C-CS-CAS or A-AC-ACS) during delayed retention. 

Materials and apparatus. All Ss learned the same 
list of 32 items, which included 8 items from each 
of 4 taxonomic categories as well as 8 examples of 
‘each of 4 initial letter groupings. The two primary 
_ dimensions of taxonomic category and initial letter 
Were orthogonal, thus permitting either one to serve 
as the primary basis of organization with the other 
nested beneath it. The final attribute was the 
relative size of the object within its respective cate- 
Rory. The following represents the list organized 
"according to category, alphabet, and size: BOMB, 
BULLET, CANNON, CLUB, MISSILE, MALLET, PICKAX, 
PISTOL; BIBLE, BROCHURE, CATALOG, COMICBOOK, 
MANUSCRIPT, MEMO, PAPERBACK, PAGE; BUFFALO, 
BEAVER, CAMEL, CHIPMUNK, MOOSE, MONKEY, PAN- 
| THER, PORCUPINE; BANANA, BLUEBERRY, COCONUT, 
CHERRY, MELON, MULBERRY, PINEAPPLE, PRUNE. 
Items were chosen from the Battig and Montague 
(1969) norms, but the constraints of the list struc- 
ture forced usage of low-frequency exemplars as 
Well as some items not in the norms, The list items 
were individually presented at a 5-sec. rate by a 
Carousel projector. All 4 list orders used for ac- 
quisition were restricted randomizations with no 2 
items from the same category or letter grouping 
even appearing in adjacent sequential positions. 

In the reaction time task there were 14 list and 
14 nonlist pairs presented. The latter consisted of 
7 list-possible pairs (representing items from the 
Same taxonomic category and letter groupings as 
the list items) and 7 list-impossible pairs (differing 
from original list items both as to category and 
initial letter), The pairings were constructed to 
make use of all combinations of attribute common- 
ality along the three list dimensions, Examples of 
these pairings for list items are: MELON-MULBERRY 
(same category, same letter, different relative size), 
CAMEL-PANTHER (same cat ; different letter, 


same relative size), MONKEY-MALLET 


same, same) and MOOSE-PISTOL (different, Terent) 
different). Only 7 of the 8 possible con:!. vations. 
were used since the list did not allow a sa samem 


«mized 
| were 


same pairing to exist. There were two r. 
presentation orders of the 28 test pairs, 
used equally often in all conditions, 


Procedure 

On the initial trial, all Ss were given +| free- 
recall instructions and told to pronoun word 
once as it was presented for study, Fo; pre- 
sentation, 3.5 min. were allowed for uncu itten 
recall. On Trial 2, all Ss (except conii were 
informed of the list structure (the hierar: i ar- 
rangement appropriate to the conditio: ither 
before or after item study by presentation f the 
cued recall sheet. The rule(s) used to constr t the 
list were fully explained to S so that he und tood 
what the attributes meant. On Trial d all 
remaining trials, S was given 3.5 min cued 
written recall. On Trial 3, Ss were either i icted. 
to continue studying and pronouncing ite: were 
told to pronounce each word and repeat cues 
for that word from the previous cued rex heet, 
The procedure continued until criterion, ı was 
either one perfect recall or two success trials 
with 28 or more items. Following the «. «rion 
trial, all Ss were given 3 min. of uncued or call 
and then told to return 1 wk. later fora new peri- 
ment. Upon returning, S was given 3 mii un- 
cued oral recall followed by 3.5 min. of . -ued 
written recall. After uncued recall, S was iven 
three successive oral cued recall tests, in eac- of 


which S was told to work down the presented -ue 
sheet using the cues to help recall the list we ds, 


The final task given to S was a reaction time ; og- 
nition test involving presentation of wot irs, 
which required a /ist or nonlist button resp) by 
S. The S was told that the pairs containe! iher 
two list or nonlist words, but that he shou'« vead 
both words before responding. A series 25 
practice slides was presented prior to est 


sequence. 


RESULTS 


In presenting the results, only those 
main effects which reached at least the .05 
significance level will be reported. The .01 


à 
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:ificance level was used in all organiza- 
a] and reaction time analyses, due to 
ensitivity of these analyses and the 


. number of within-Ss variables in- - 


d therein. 


‘sition 


‘als and errors to criterion. Analyses 
vall performance based on trials and 
to criterion produced similar results, 
only the former will be reported. 

t presents most of these results, 
cluded a difference favoring cate- 

er alphabetic main hierarchy cues, 

| 175) = 13.62, p < .001, and an 

ect of number of instructed cues, F 
(2, 175) = 6.39, p < .01. The latter when 
broken down showed that three- and two- 
cue conditions did not differ (F — 1.00), 
but both were significantly superior to 
one-cue conditions (ps « .025). There 
was also a significant effect of the rehearsal 
variable, F (1, 175) = 8.37, p < .01, with 
item-only rehearsal groups (5.27) superior 
to item-plus-cue rehearsal groups (5.88). 
No other main effect or interaction ap- 
proached significance. 

Recall on criterion trial. Since the dual 
criterion allowed for differential levels of 
terminal performance, an analysis of recall 
on the final criterion trial was also per- 
formed, This produced an effect of number 
of instructed cues, F (2, 175) 591, P — 
.01, with means of 30.69, 30.89, and 30.16 
for the three-, two-, and one-cue groups, 
respectively. There also was an experi- 
mental-control difference, F (1, 175) = 
5.00, p < .05, with means of 30.58 and 
29.50 for the pooled experimental groups 
and control group, respectively. 

Organization on Trial 1. The introduc- 
tion of all between-Ss variables after Trial 1 
allowed for a comparison of organization 
tendencies in all groups on the initial free- 
recall trial. Adjusted ratio of clustering 
(ARC) score measures (Roenker, Thomp- 
son, & Brown, 1971) of categoric and 
alphabetic clustering were computed and 
analyzed together. The ARC score is the 
ratio of the observed deviation from chance 
over the maximum possible deviation, and 
thus a score of 0 represents chance and 


TABLE 1 


MEAN ACQUISITION PERFORMANCE AS A FUNCTION 
or NUMBER OF CUES AND MAIN A 
HIERARCHY CUE 


Number of instructed cues 
Performance measure 
3 2 1 0 


Trials to criterion 
Alphabetic cue 
Categoric cue 

Errors to criterion 
Alphabetic cue 
Categoric cue 


§.75| 5.50 
5.16| 4.88 


6.63 
5:59) 


49.84 | 47.72 | 56.75 
4447 | 40.66 | 46.19 | 90:00 


6.13 


1.00 represents perfect clustering. No 
between-groups effects approached signifi- 
cance, nor were there any interactions with 
the categoric-alphabetic clustering varia- 
ble. There was, however, a highly signifi- — 
cant overall difference between categoric 
(.367) and alphabetic (—.090) clustering 
scores, F (1, 175) = 144.67, p < .001. Tune 
only comparison that interacted with this 3 
variable was the experimental-control dif- d 
ference, F (1, 175) = 4.60, p < .05, which 5 
reflected a larger categoric-alphabetic dif- —— 
ference in the control (.856) as compared 
to the pooled experimental groups (440). — 
The tendency for much more categoric 
(.916) than alphabetic (—.125) clustering 
was shown also in the control group on the 
criterion trial (p « .001). 

Discussion. ‘The present acquisition data 
have shown that the semantic attribute 
was the only salient list feature early in 
learning, and this condition persisted in 
the control group throughout acquisition. 
This agrees with previous data where the 
semantic attribute was highly preferred 
over the orthographic (e.g., Lauer & Battig, 
1972; Mondani, Pellegrino, & Battig, 1973). 
The low saliency of the orthographic at- 
tribute leads to a prediction of poorer per- 
formance if it is made the primary basis of 
recall organization. This prediction was 
supported, as there was a consistent cate- 
goric-alphabetic main cue difference across 
all levels of number of.instructed cues. It 
was also predicted that performance should 
be facilitated by the presence of multiple 
retrieval cues. This was supported (con- 
trary to Lauer & Battig, 1972), although 


three cues proved no more beneficial than 
"two. The facilitation provided by multiple 
cuing may result from the present hier- 
archical manipulation of attributes as well 
- as the forced cued recall output procedure. 
"Thus, while the general recall utility of 
the orthographic dimension is less than 
that of the semantic dimension, there does 
appear to be some recall utility when both 
are used together. The systematic results 
for the number of. instructed cues variable 
also indicate that there may be an effective 
limit to the amount of information that S 
«can effectively handle in the time available 
(e.g, Underwood & Zimmerman, 1973), 
with three cues being more than is neces- 
sary or useful and thereby slightly inter- 
fering with performance relative to two 
cues. The superior performance of the 
category-size group relative to all other 
groups also shows that this was not a func- 
tion of the relative size cue. 


Retention 


— Uncued recall. Due to differences in the 
terminal level of acquisition performance, 
recall scores were converted into propor- 
tions of criterion trial performance. How- 
ever, analyses of raw and Proportional 
recall produced identical results. The pro- 
portional recall analysis included all three 
uncued recall tests as an additional variable 
Which was significant, F (2, 350) — 178.01, 
PD < .001, with immediate oral, delayed 
oral, and delayed written tests yielding 
means of .886, .676, and .804, respectively,’ 
- The only significant between-groups effect 
.Was a main hierarchy cue difference, F 
E175) = 6.34, p < .025, with categoric 


extent they are confounded. However, there is no 
basis to assume that i 


present design. The present analysis also appro- 
priately treated these tests as a within-Ss factor to 
examine this possibility. Additionally, Underwood 
(1964) has suggested that retention studies which 
involve a fixed criterion should include both im- 
mediate and delayed testing conditions, The present 
design makes use of this comparison, but in a 
within-Ss rather than a between-Ss design. 
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(813) superior to alphabetic (.7625 
tions. No other main effects cr : 


condi- 
1 
"terae 


tions approached significance ex "st the? 
higher order interaction involvi ‘Se fours 
between-groups variables and : recall - 
test variable, F (4, 350) = 407, ^ < .01, 


Examination of this interaction 
to be due to a complex and in 
pattern of between-groups vari 
the three recall tests, an inte 
further supported by the lack « 


ved it” 
istent — 
' Over 
tation — 


y sige d 
nificant lower order component ':terac- 
tions. However, the pattern of inter- 3 
action did not seriously conflict wi- either 
of the two significant main effect 

Organization, Five types of ory ation 
were measured in uncued recall. se in- 
cluded not only general categoric ;Ipha- 
betic clustering but also measur: pair- 
Wise categoric and alphabetic ; ering 
(e.g., treating each pair such OMB- | 
BULLET, MOOSE-MONKEY, etc., as : arate 
category), pair-wise categoric a: !pha- 
betic clustering with sequential si der- - 
ing (e.g., recall of the two items ina 
pair according to a consistent sj. arge 
or large-small rule), and clustering rela- 
tive size within categories (e.g, i ating 
each subset of small and large exar . es of 
a category as two distinct categorie: An 
analysis comparing overall catego: and 
alphabetic clustering was perforr: as 
well as separate analyses on each the 
Other three organizational indices which 
measure the degree to which specific hier- 
archical organizational rules were used to 
structure output. In all analyses, oniy the 
between-groups variables of main hie: chy 


cue and number of instructed cucs were 


shown to have any effects. Table ? is a 
summary of performance on each of these 
measures as a function of both variables. 


*In the pair-wise clustering and clustering by 
relative size measures, an adjusted expected value 
was used in the ARC measure rather than a value 
based on free randomization of the entire list. 
This was done since general categoric and alpha- 
betic clustering would lead to high values for the 
various secondary clustering measures, and a strin- 
Sent test with a representative zero baseline for 
such clustering was required. In the measure of 
pair-wise clustering with relative size ordering, .5 X 
the observed number of pair-wise repetitions was 
used as the expected value. 
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TABLE 2 


SUMMARY OF ORGANIZATIONAL PERFORMANCE AS A Fun 


CTION OF NUMBER 


or Curs AND Main HIERARCHY CUE 
Organizational indices 
Main hierarchy cue 
Categoric Alphabetic Pairwise Pairwise-size Relative-size 
3-cue conditions 
Categoric (CAS) .918 .300 .804 E —.590 
Alphabetic (ACS) 439 .670 673 376 —.903 
>-cue conditions 
Categorie (CS) 968 —.182 —.198 041 551 
Alphabetic (AC) 545 519 .612 .006 —q 
1-cue conditions 
Categoric (C) .957 —.104 —.003 .015 .016 
xlphabetic (A) :322 .591 .337 .024 —.826 
ue condition 
No cues (NC) 847 —.169 —.140 .004 —.056 


Vote. Abbreviations: C = category, A = alphabetic, S = size, NC = no cues. 


The most important effects are the general 
organizational trends that are apparent in 
this table. Overall categoric clustering 
occurred in all groups and was much higher 
in those groups trained with the categoric 
main cue. Alphabetic clustering was only 
apparent in those groups (ACS, AC, A, 
and CAS) given specific instructions about 
this aspect of list structure. The pair-wise 
clustering measure (which indicates the 
extent to which both attributes were jointly 
used) also shows that such organization was 
only apparent in those groups with specific 
knowledge of the alphabetic rule. It was 
particularly interesting that the group 
trained on the alphabetic rule alone showed 
significant categoric clustering, as well as 
utilization of both rules in a hierarchical 
retrieval scheme, while the category-only 
group showed no evidence of a similar 
effect for alphabetic organization. The 
final two measures assess the extent to 
which the size rule was used, and both 
showed that this was restricted to those 
groups specifically trained with respect to 
size. 

Uncued written and cued oral recall, In 
this analysis, the additional variable of cue 
sequence was included, as well as the 
within-Ss comparison of uncued written 
recall with the three successive oral cued 
recall tests. As shown in the upper right 
panel of Figure 1, there was a marked 
decrement on the first alphabetically cued 
recall test only for the two- and one-cue 


on the alphabetic cues). 


in Figure 1 is a much smaller cued recall 
decrement on the first alphabetic cuing . 
test for the corresponding two- and one-cue à 
alphabetic main cue group: 
general improvement over 
recall tests. Thus, the analysis of variance ~ 
showed highly significant (p < .01) overall — 

differences across the four recall tests, and 
interactions of recall tests with main cue 
and cue sequence both alone and combined, 
as well as with number of instructed cues 
both alone and along with cue sequence. - 
Also significant (p < .05) was the four-way 
interaction including all variables depicted 
in Figure 1, as well as the overall superiority - 
of the C-CS-CAS over the A-AC-ACS cue 


sequence. 


Recognition reaction time. 


groups trained with the categorical main — 
cue (which thus had received no training 


Also indicated 


s, as well as a 
the three cued 


Overall per- 


formance in this task was very high, with 
less than a 1% error rate. The preliminary — 
analysis of these data based on the seven - 
types of intrapair item relationships and — 
the three general classifications of pairs - 
indicated that the relative size variable 
was not effective. To improve reliability 
of the results, the seven pair types thus 
were collapsed into the four possible com- 
binations of same and different categoric 
and alphabetic relationships, designated as 
both attributes, categoric only, alphabetic 
only, and neither attribute. Examples of 
each of these for all three general pair 
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RECALL TESTS 
FIGURE 1. Mean proportion recalled as a function of number of instructed 


cues, main hierarchy cue, cue sequence, and recall tests, (Abbreviations: 
C = category, S = size, A — alphabetic.) 


types are given on the abscissa of Figure 2. common attributes. However, for list- 
‘Or purposes of analysis, the four combina- possible pairs there is a large increase in 


tions Were treated as a 2 x 2 classification RT if items share both types of attributes, 


goric and alphabetic rela- which was sufficiently large to produce 
interaction involving pair highly significant (6 < .001) interactions 
er two variables was involving all possible combinations of these 


highly significant, FQ, 350) — 1631, three variables. Also apparent in Figure 2 
p < -001, and is shown in Figure2. Intra- is an overall increase in RTs for list-possible 
Pair attribute relationship clearly has no (2,010) as compared with list (1,806) and 


effect for the list-impossible Pairs, while list-impossible (1,765) pairs, 


there is an increase in reaction time (RT) Discussion. The organization data from 
for list pairs if the two items Share no uncued recall have shown that none of the 


vi 
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BOTH CATEGORIC ALPHABETIC NEITHER 
ATTRIBUTES ONLY ONLY ATTRIBUTE 
Ls canon - club camel - panther monkey - mallet — prune - brochure 
LP: pamphlet - poem bear - cow booklet - bird mortar - cookbook 
Li. decade - day willow - spruce river - redwood stone - week 
INTRAPAIR ATTRIBUTE RELATIONSHIP 
FiGuRE 2. Mean pair reaction time as a function of pair type 


and type of intrapair attribute relationship (with examples of 
each of the latter for the three pair types represented on the 


abscissa). 


originally instructed attributes or organiza- 
tional schemes were lost over the retention 
interval. Since all groups had the categoric 
attribute available, any differences in the 
total number of available attributes result 
from the presence of the orthographic and 
size dimensions. If the latter two attri- 
butes serve a retrieval function, then the 
retention data should closely parallel the 
original acquisition results. The cued re- 
call data are an indirect test, since the 
general consideration was the effectiveness 
of a particular type of attribute, as well as 
multiple attributes when supplied to .S. 
The results were consistent with predic- 
tions from an encoding specificity position 
(Thomson & Tulving, 1970), since the 
ability to use the orthographic or size attri- 
butes, eitheralone or together with the taxo- 
nomicattribute, depended on S's knowledge 
of their presence in the list or, more gen- 
erally, the amount of encoding based on 
the attribute. The overall effectiveness of 
multiple cuing was very small, and no 
facilitation occurred unless S was already 
familiar with at least two of the three 


attributes provided. Thus, it appears ques- 
tionable whether the orthographic and size 
attributes served any retrieval function. 

The primary test of the utility of number 
and type of attributes was uncued free 
recall immediately and 1 wk. after learning. 
These data were quite clear in showing 
that there was little or no effect of the 
major variables manipulated. The only 
significant difference was a 5% higher level 
of recall for those Ss trained with the 
categoric main cue. 

Finally, the reaction time task also 
showed that the two primary list attributes 
were equally important for recognition. 
The influence of attribute information was 
most clearly demonstrated in those con- 
ditions where the nonlist pairs represented 
the original list structure. When stimulus 
items did not conform to the original list 
structure, they were rapidly rejected, but 
when they did, there was a much longer 
decision time (similar to Atkinson & Juola, 
1971) and the latency was also affected by 
attribute information within the stimulus 
pair. Thus, all of the attributes of a well- 
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organized list seem to be important in 
recognition or decision processes, although 
they may differ in retrieval or recall. 


GENERAL DISCUSSION 


The purpose of this experiment was to con- 
Sider the relationship between acquisition and 
retention with respect to organizational pro- 
‘cesses in memory. The results clearly show 
- little or no effect of different organizational 
Schemes on retention, even though such struc- 

tures affected acquisition. The failure of hier- 
- archical multiple attribute structures to affect 
_ retention seems incompatible with either mul- 
tiple attribute (e.g., Underwood, 1969) or 
hierarchical (e.g., Mandler, 1967) theories of 
memory. However, the present discontinuity 
between acquisition and retention effects may 
be understood by considering a levels-of- 
processing approach to memory. Craik and 


is a function of the depth or levels of processing 
where deeper levels of 
imply more extensive semantic 
analysis or elaborative coding of stimulus in- 
- put. Within such a theory, the orthographic 
and relative size attributes would not con- 
Stitute examples of such deeper levels of pro- 
cessing, and thus they would not be expected 
to facilitate retention. The orthographic at- 
tribute represents a structural characteristic 
of the word, while relative size represents a 
highly context-bound or nonindependent ‘‘se- 
- mantic" property. Initial trial and retention 
E organization data showed that all Ss had en- 
- gaged in semantic (taxonomic) processing, and 
thus retention differences would not be pre- 
_ dicted. Further evidence consistent with this 
- explanation was provided by the slight su- 
periority of those conditions that learned with 
Es Category as the primary basis of 
ganization. Requiring Ss to use the ortho- 
graphic attribute as the primary basis of list 
organization may have reduced the amount 
of effective taxonomic Processing, thereby 
affecting both acquisition and retention. An 
explanation of this type implies that retrieval 
— from memory with respect to long-term reten- 
tion may be primarily dependent on semantic 
attributes and the number of attributes in- 
volved in original encoding. Thus, number of 
semantic attributes would indicate depth of 
processing, which should affect retention. 
An alternative but compatible explanation - 
of the present results is a separation of at- 
tributes into retrieval and discriminative cate- 
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gories. Semantic attributes such a 
category would represent retrievz: 
while orthography and relative siz. 
into the second category. This 
allows for differential predictions 
to the effectiveness of various ; 
acquisition and retention, as i 
results. Many individuals (e.g 
1964) have proposed that list ac. 
volves high levels of discriminati 
admissible and nonadmissible list i: 
to the extent that structural p 
words can provide a partial basis i 
crimination, they should permit a fa 
tion to semantic levels of processi 
as the development of a seman 
plan. Whatever semantic informat 
ent within the list may be abstr; 
readily if many discriminative att 
also available to aid acquisition 
once the semantic level of processin; 
retention should not differ, provid: 
Semantic processing or depth is 
across conditions. Thus, nonse: 


vetween 
Thus, 
"ties of 
his dis- 
transi- 
as well 
:trieval 
is pres- 
| more 
tes are 
wever, 
ached, 
at the 
' valent 
ic at- 


tributes such as orthography or which - 
allow large semantic categories sub- 
divided should aid acquisition, but ieces- 
sarily retention. Such variables ma: iewed - 


as facilitating the transition to a - 
of semantic processing. 
A separation of attributes into reti 


level 


| and 


discriminative categories also imp that 
multiple attributes will facilitate ret=..cion df 
the attributes involve further semantic ding. 
A further implication of this hypothesi: :: that 
the assignment of attributes to either cu cegory 
may not be possible if acquisition serve: +s the 
basis of assignment and that retention testing 


must be used. However, it would be pest to 
avoid assignment on the basis of retention 
results, since one would like some independent 
or preexperimental criterion of assigninent. 
Such a criterion seems available on the basis 
of a semantic-nonsemantic classification where 
semantic attributes fall into both categories, 
while nonsemantic attributes should only be 
discriminative. Within the semantic area, it 
would also be preferable to determine what 
dimensions or attributes constitute deeper 
levels of processing independently of their 
memorial consequences. Conditions involving 
taxonomic categories can be so specified by 
considering hierarchical subdivisions which in- 
crease in specificity while decreasing in set 
size. Retention results consistent with such 
an analysis have been provided by Friendly 
(1972) and Underwood and Zimmerman (1973). 


g 


ín summary, the present results need not 

interpreted as evidence against an organiza- 

sonal theory of memory, but suggestive of a 

-scment of that type of theory in terms of 

. or types of processing. At the very 

i, they indicate the necessity of considering 

iifferences between acquisition and reten- 

ind how examinations of retention may 

provide the basis for understanding the 
-butes and operation of memory. 
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JUDGMENTS OF PLEASINGNESS AND IN TERESTINGN!-S 
AS FUNCTIONS OF VISUAL COMPLEXITY : 


Random polygons were ranked in terms of complexity, pleasingness, and inter- 
estingness. 
with complexity, with the former reaching an asymptote at a lower level than 
the latter, However, most of the individual pleasingness functions were uni- 
modal: some decreased with complexity, some increased, and others increased 
to a peak and then decreased. Although most of the interestingness functions 
increased to peaks over the higher levels of complexity, Ss who judged the 
low-middle levels as most interesting tended to judge the higher levels as 
progressively less interesting. There was also a positive correlation betwee 
the levels of complexity found most pleasing and the levels found most inter 
The results are discussed with reference to theories of preference 
behavior proposed by Dember and Earl and by Berlyne. 


P. P. AITKEN? 
University of Keele, Staffordshire, England 


Group judgments of pleasingness and interestingness increased 


Berlyne (1966, 1971) has suggested that structions sets, but the former mo than | 
judgments of the interest value of stimuli the latter (Day, 1968b). 
varying in visual complexity differ from Inspection of the curves reported ; Day 
judgments of the pleasingness value of the (1965, 1967, 19682) suggests that > are 
- same stimuli. However, although there is several irregularities in some of i unc- 
an abundance of evidence (see, e.g., Ber- tions. In general, the pleasingnes: ‘une 
lyne, 1971) that instructions phrased in  tionsare flatter and show greater vari ility 
_ terms of these two variables provide differ- than the interestingness functions the 
ent evaluations, the precise nature of the latter tend to level out and/or decreas: over 
- interrelationships remains uncertain. the higher levels of complexity. For .hese 


Day designed a series of experiments to reasons, the data from Day's experi:. ents 
clarify this issue. In one study (Day, 1965, have been variously interpreted as in: cat- 
summarized in Day, 1967) Ss ranked aset ing that interestingness is an incr sing 
of patterns taken from Berlyne's standard (Day, 1967) or, more usually, an iw ted 
- stimuli: rankings of pleasingness described U-shaped function of complexity (Bc. iyne, 

a bimodal function and rankings of interest- 1966; Day, 19683); and that pleasi:::/ness 


ingness an inverted U-shaped function over has two or more peaks (Berlyne, 
increasing subjective complexity. In sub- 1971), or varies randomly but ge: 


sequent studies, using random polygons, he tends to decrease with complexity (Day, 


luations of pleasingness 1967, 19682). Berlyne (1966, 1971) sug- 
physical and subjective com- gests that data provided by M unsinger and 


whereas evaluations of interesting- Kessen (1964) are also consistent with the 


(paired comparisons, Day, suggestion that pleasingness may be a mul- 


| 1967; ratings, Day, 19683) : and thatview- timodal function of complexity. These 
mg tme rose with increasing complexity authors reported that judgements of “'lik- 


under interestingness 


! This research was su; 
search Council grant ad 
am grateful to C. Hutt, 
for comments on an earl 
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and pleasingness in- ing" werea W-shaped function of the num- 
ber of sides of random polygons. 


pported by a Medical Re- As Berlyne (1971) suggests, interesting- 
ministered by S. J. Hutt. I ness increases and then appears to show 


S. J. Hutt, and R. B. May signs of a decrease over higher levels of 
ier draft of this Paper. 


complexity. However, his suggestion (Ber- 


Aitken, who is now at the Department of Psy- lyne, 1966, 1971) that pleasingness func- 
chology, University of Strathclyde, 155 George tions may have more than one peak can be 
Street, Glasgow, Scotland G1 IRD, questioned on four counts. First, it is dif- 
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£euli to reconcile with his suggestion (Ber- 
t we, 1960, 1969, 1971) that positive affect 
“never ses to a peak and then decreases with 
in cong arousal potential. Second, the 
sit^ sctcal analyses reported by Day (1967, 
Í 1968b) provided little evidence for 
the »resence of multiple peaks. Third, 
j| the variability in the functions re- 
d by Day (1967, 1968a, 1968b) may 
en the result of the use of too few 
ateach level of complexity. Fourth, 
nodal group functions may cover a 
y of orderly and simpler individual 
ins. Dorfman and McKenna (1966) 
tz (1966) have provided convincing 
ice that group “preference” functions 
vy subsume a variety of unimodal indi- 
vidual functions : some increasing, some de- 
creasing, and some increasing and then 
decreasing. As these authors suggest, a fail- 
ure to look for consistencies in individual 
functions may result in a. misleading inter- 
pretation of group curves. The third and 
fourth points also apply to the interpreta- 
tion of group interestingness curves; how- 
ever, inspection of the functions reported 
by Day (1967, 1968a, 1968b) indicates that 
evaluations of interestingness may be less 
susceptible to the effects of pattern idio- 
syncracies and individual differences in 
peak positions. 

An alternative suggestion might be that 
both types of evaluation describe inverted 
U- or inverted V-shaped functions, with the 
positions of the peaks varying between in- 
dividuals. Thus, over a restricted range of 
complexity, we might expect to find a vari- 
ety of single-peaked functions: some in- 
creasing, some decreasing, and some increas- 
ing and then decreasing. Furthermore, as 
the studies referred to above indicate, in 
general, that the highest evaluations of 
pleasingness tend to occur at lower levels of 
complexity than the highest evaluations of 
interestingness, it seems that individual 
peak evaluations of pleasingness may occur 
at lower levels of complexity than individ- 
ual peak evaluations of interestingness. 
The present study examines these two hy- 
potheses by providing judgment functions 
reliable enough to allow inspection of indi- 
vidual cases. In order to obtain judgments 
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on a relatively large number of stimuli at — 


each level of complexity, a simple ranking 
procedure was used. This type of proce- 
dure is less arduous and time consuming 
than a paired-comparisons or rating pro- 
cedure when large numbers of judgments 
are required. 

METHOD 


The Ss were 30 males and females with an age 
range of 17 to approximately 50 yr. There were 5 
psychology students—the remainder were from a 
variety of occupations (e.g., college students, nur- 
ses, technicians, librarians). 

The stimulus shapes were random polygons gen- 
erated according to Method 1 of Attneave and Ar- 
noult (1956). Each shape was drawn on a 15 X 15 
cm. area of black paper, and the cut-out fixed to the 
central 15 X 15 cm. area of a 20 X 20 cm. white 
card. Ten levels of complexity were used, from 4 to 
40 sides, varying in steps of 4. There were 5 stimuli 
at each level of complexity. Thus there were 5 sets 
of stimuli, each consisting of 10 polygons represent- 
ing the 10 levels of complexity. 

Each S was asked if he would judge some patterns 
and was assured that there were no right or wrong 
answers. A set of 10 patterns was then laid out 
along a table in random order and S was instructed 
to rank them, placing the highest rank on the left 
and so on, according to how complex (interesting or 
pleasing) he found them. The Ss who asked for 
these words to be defined were requested to use their 
own definitions. When the ranking of one set was 
complete, S proceeded with the other four sets. The 
task was then repeated under the other two instruc- 
tions. The Ss were not informed in advance that the 
instructions would vary over the course of the experi- 
ment, and the six possible orders of instructions were 
counterbalanced over the 30 Ss. ‘The five sets of pat- 
terns were presented in a different random order for 
each S, although any one S had the same order of. 
sets for each of the instructions. The 10 cards 
within a set were laid out in a different random order 
on each presentation. 


RESULTS 


Coefficients of concordance (Ws) were 
computed for each S over the five sets of 
patterns presented under each type of in- 
struction. These scores provided a measure 
of the consistency of ranking over the pats 
tern sets. The mean values of W, with the 
numbers significant at or beyond the 5% 
level, were as follows: .909 for complexity 
(all 30 significant), .644 for interestingness 
(25 significant) and .435 for pleasingness 
(17 significant). An extremely small vari- 
ance for the complexity scores precluded a 
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full analysis of variance. However, anal- 
ysis of variance of the W scores for inter- 
estingness and pleasingness gave no indica- 
tion of effects attributable to order (of in- 
structions) or the Instructions X Order 
interaction, both Fs (5, 24) < 1. The in- 
struction factor was highly significant, F 
(1, 24) = 24.19, p < .001. Twenty-nine 
Ss were more concordant in their rankings 
of complexity than interestingness, and 25 
were more concordant in their rankings of 
interestingness than pleasingness. 

In order to provide an analysis of the 
judgment functions, the rank scores for each 
adjacent pair of complexity levels were 
combined. The scores for each S were then 
summed across the five stimulus sets and 
the totals rank ordered. As a preliminary 
analysis gave no indication of consistent 
order effects, the data were collapsed across 
the six different order conditions. The 
group scores for the three types of judgment 
over the five levels of complexity are shown 
in Table 1. The complexity rankings were 
highly reliable: only two Ss showed any 
deviation from a monotonic relationship be- 
tween subjective and objective complexity. 
A nonparametric analysis for trend (Fer- 
guson, 1965) of the group rankings of in- 
terestingness showed that the monotonic 
and bitonic components were significant, 
2 = 8.60,p < .001, and z = 2.77, p = .006, 
respectively. (A bitonic function is one 
that has two monotonic branches—e.g., a 
function that increases to a peak and 
then decreases.) The tritonic and tetra- 
tonic components did not approach signi- 
ficance. Conservative a posteriori compari- 
sons (Ryan's procedure with a = .05, Kirk, 


TABLE 1 


MEAN RANKS FOR THE THREE TYPES OF JUDGMENT 
OVER THE FIVE LEVELS OF 
COMPLEXITY 


Complexity level (no, of sidesin parentheses) 


Type of 
judgment 


2 3 4 5 
(4-8) | (12-16) | (20-24) | (28-32) | (36-40) 


Complexity 1.00 2.00 3.03 4.00 4.97 
Interestingness | 1.10 2.65 3.28 4.10 3.87 
Pleasingness 1.80 3.20 3.43 3.47 3.10 


Note. Higher scores indicate greater complexity/interesting- 
ness/pleasingness, 
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1968) gave significant differences 
Level 1 and all others and between Li 
and 3 and Level 4. This indicate 
the group rankings of interestingness 
creased with complexity to Level 4 
similar analysis of the pleasingness ré 
ings showed, again, that only the 
tonic and bitonic components were 
cant, z = 3.18, p = .001, and z = 3.3 
< .001, respectively. Level 1 differed frt 
all others, suggesting that the group 
ings of pleasingness increased to an a 
tote at Level 2. Thus, in both functi 
the apparent slight decrease over the hi; 
levels of complexity was not reliable, 
Inspection of the individual results i 
cated that many of the pleasingness 
interestingness functions were uni 
monotonic, or bitonic, with peak posi 
varying between individuals. Tab 
shows Ss divided into subgroups acci 
to the levels of complexity at which: 
peak ranks occurred. With the assump 
that each possible rank ordering of the 
complexity levels has an equal chance 
selection, the probability (P) of obtainii 
a unimodal or single-peaked function 
each subgroup is P = 1/(r — 1)!(n — r 
where n = number of ordinally represent 
complexity levels (1, 2, ...,7) and ? 
complexity level at which the peak 
occurs. A single-peaked function is 
defined as one that descends regularl 
(without ties) from the peak. Binom 
tests using P values computed in this 
showed that the number of single-pe: 
functions departed from that expected 
chance (Table 2). 3 
Inspection of the individual functio 
also indicated that the peaks for the pl 
ingness rankings tended to occur at lowe 
levels of complexity than the peaks for th 
interestingness rankings. The mean com 
plexity levels were 3.40 and 4.17, respec 
tively, F (1, 24) = 13.92, p < .01. Th 
order and Order X Instruction terms we 
not significant, both Fs (5, 24) < 1. 
nally, there was a positive correlation be- 
tween the levels of complexity at which 
peak rankings for pleasingness and interest- 
ingness occurred, r (28) = .616, p < -001 
Thus, those Ss with peak evaluations at à 


PLEASANTNESS, AND VISUAL COMPLEXITY 


MEANINGFULNESS, 
TABLE 2 
NUMBER OF INDIVIDUAL FuwcrioNs WITH HIGHEST RANKS AT 
EACH OF THE FIVE LEVELS OF CoMPLEXITY 
Interestingness Pleasingness 
Complexity levels 
1 2 3 4 5 1 2 3 
4 2 9 15 2 8 4 
if with single-peaked func- 
n = 3 2 8 13 2 4 3 
1/24 |. 1/6 | 1/4 1/6 | 1/24 | 1/24 1/6 | 1/4 
nee — | .016 | .063 001 | -001 002 | .03t 051 
lower level of complexity on the one in- and the pleasingness value of Berlyne’s stan- 


struction tended to have peak evaluations 
at a lower level on the other instruction too. 


DISCUSSION 


The group rankings of pleasingness and in- 
terestingness increased with complexity, with 
the former reaching an asymptote at à lower 
level of complexity than the 
the analysis of the individual functions showed 
that the group curves covered a variety of uni- 
modal monotonic and bitonic functions. 
evaluations of pleasingness, a small number of 
functions decreased with complexity, some in- 
creased, and others increased to à peak and 
then decreased. Although most of the inter- 
estingness functions had peak rankings at one 
or the other of the two highest levels of com- 
plexity, à significant proportion of those Ss who 
ranked the low-middle levels as most interest- 
ing ranked the higher levels as progressively 
Jess interesting. Thus, although the pleasing- 
ness data are more clear-cut in this respect, the 
results are consistent with the hypothesis that 
both types of evaluation are inverted U-shaped 


most interesting. As most 
previous studies used between-groups 
the possibility of finding such a relationship has 
rarely been tested. However, in one study, @ 
low but significant positive correlation was ob- 
tained between evaluations of the interest value 


dard stimuli (Day, 1965, reported in Day, 


When questioned at the end of the experi- 
ment, most Ss said that pleasingness and inter- 
considerable extent. . 
when questioned further, they Sug- 
gested that the most interesting patterns were 
relatively more complex, could be looked at 
repeatedly without inducing boredom, and were 

j themes. The 
Ss gave a greater variety of criteria in de- 
scribing judgments of pleasingness. 
they suggested the most pleasing 
“ones that one could live with;" they were more 
symmetrical, less complex, and more “restful.” 
Meaningful patterns were sometimes judged 
as more pleasant; however, patterns reminis- 
cent of some objects or themes (e.g., claws, €x- 
plosions), although interesting, tended to be 
judged as relatively unpleasant. The sugges- 
tion that a greater variety of criteria was use 
for rankings of pleasingness is consistent with 
the significant difference between the concor- 
dance scores for the two types of judgment. 

The Ss' ipti criteria used in 
making judgments indicated that the shapes 
varied in physical characteristics other than the 
number of independent turns (sidedness) as 
well as associative value. This is not surpris- 
ing, for random polygons vary in physical at- 
tributes like "jaggedness" and “compactness” 
(see, €g- Brown & Owen, 1967). Unfortun- 
ately, measures of these attributes are con 
founded with sidedness. In studies where sucl 
attributes have been shown to represent dis 
tinct physical dimensions of shape (e.g., Brow 
& Andrews, 1968; Brown & Owen, 1967) sidec 
ness was held constant. With stimulus arra) 
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similar to those used here, where sidedness var- 
. ies, these measures are correlated with sided- 
. ness (Brown & Brumaghim, 1968; Brown & 
_ Owen, 1967). For this reason ‘more detailed 
. psychophysical analyses were not attempted. 
. However, there was a close association between 
subjective complexity and the complex of at- 
tributes that varies with sidedness. Thus the 
results are relevant to theories concerned with 
preference and phenomenal complexity. 

- . Dember and Earl (1957) suggest that pref- 
erence for stimuli varying in complexity de- 
clines monotonically on either side of the most 
preferred level. "They also suggest that pacer 
stimuli (stimuli that elicit the greatest amount 
of attention) are more complex than the maxi- 
"mally preferred stimuli, As Eisenberger (1972) 
has recently pointed out, this suggestion has 
. led to some ambiguity for the same measures 

have been used to measure preference and at- 

tention value. It is here that the distinction 
between pleasingness and interestingness may 
x be helpful. If we assume that pleasingness is 
akin to the Dember-Earl concept of preference 
nd that judgments of interestingness provide 

à measure of initial attention value then the 
results reported here are consistent with this 
account. The positive correlation between the 
levels of complexity found most pleasing and 
the levels found most interesting accords with 
Dember and Earl's suggestion that individuals 
who prefer lower levels of complexity also have 
` pacer stimuli in a low (but slightly higher) 

range. 
_ The suggestion that pleasingness is an in- 

- yerted U-shaped function of complexity is con- 
sistent with Berlyne's (1960, 1969, 1971) gen- 
eral theory. Furthermore, the suggestion that 
the more interesting. stimuli may represent 
pacer stimuli is similar to Berlyne's (1966, 
1971) proposal that interestingness may be re- 
lated to the arousal-jag phenomenon. He sug- 
. gests that stimuli that are slightly more com- 
— plex than those producing maximum positive 
_ affect may be judged interesting to the extent 
that they hold promise of arousal reduction 
through assimilation. Thus, in Berlyne's 

terms, the positive correlation between the 
. most pleasing and the most interesting com- 
; plexity levels might be interpreted as indicat- 
ing that individuals who find low complexity 
levels most pleasing also find low (but slightly 

higher) levels sufficient to produce an optimally 
satisfactory arousal jag. 
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“ATIVE EFFECTS ON PERFORMANCE AND MOTIVATION OF 


ELF-MONITORING CORRECT AND INCORRECT RESPONSES" 


TERRY 


C. WADE* 


Stanford University 


A laboratory analogue study investigated the relative effects on responding and 


self-rated motivation when 


correct or 
ance feedback and a 


the proportion of correct responses 


control group which received neither self-monitoring in- 
structions nor performance feedback. 


Specific analysis of the number and 
indicated an overall superiority of self- 


monitoring compared to the other conditions. Analyses of the self-monitoring 


groups revealed a 


response rates over time. 


Increased attention has recently been 
directed toward the acquisition and func- 
tion of self-management behavior (see 
Bandura, 1971; Thoresen & Mahoney, 
1973; Watson & Tharp, 1972). In most 
investigations of self-management tech- 
niques, some form of self-observation and 
cumulative self-recording of targeted be- 
haviors has been used successfully either 
as part of a treatment package (e.g. 
Glynn, Thomas, & Shee, 1973) or alone 
(e.g., Mahoney, Moore, Wade, & Moura, 
1973). However, the degree of change and 
temporal variations in response rates pro- 
duced by specific self-monitoring techniques 
have not been carefully explored. For 
example, a recent investigation of smoking 
reduction (McFall & Hammen, 1971) de- 
termined that self-monitoring negatively 
evaluated responses (instances of smoking) 
proved only slightly more successful than 
did. self-monitoring positively evaluated 
responses (resistance of the temptation to 
smoke) in reducing total cigarette con- 
sumption. Unfortunately, extended tem- 
poral analyses both within and between 
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suggestions. 
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decline in performance over time for 
correct responses relative to Ss recording their incorrect responses. 
tionally, repeated motivational self-ratings were 


Ss recording their 
Addi- 
highly correlated with correct 


the self-monitoring conditions were not 
performed. 

The purpose of the present study, then, 
was to examine the 
monitoring techniques, including temporal 
variations in monitored response rates over 
an extended series of trials. Specifically, 


effects of different self- . 


the performances of Ss who made cumu- - 


lative recordings of either correct or in- 
correct responses in a match-to-sample 
laboratory analogue task were compared 
both to the performance of Ss who recorded 
simple performance feedback and to that 
of Ss who made no self-recordings and 
received no performance feedback. 

Also investigated was the interpretation 
of changes in self-monitored response rates 
as evidence for a covert self-evaluative 
process that may result in self-consequa- 
tion (Bandura, 1971; Cautela, 1970; Kan- 
fer, 1971). According to this interpreta- 
tion, covert self-evaluation involves @ 
comparison of performance levels to per- 
sonal performance criteria. 
study, personal performance criteria were 
represented by 
which were obtained to examine the ex- 
pected correspondence between covert cri- 
teria and performance levels and their 
relative variations over time. 

Different temporal variations in indi- 
vidual performance criteria and in correct. 
response rates were expected between con- 
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In the present - 


motivational self-ratings - 


ditions as a result of differences in the 
nature of self-monitoring. It was predicted 
that differences in self-imposed performance 
criteria for Ss keeping cumulative records 
would lead to higher response rates initially 
for those monitoring correct responses rela- 
tive to those monitoring incorrect re- 
sponses. However, because of the tem- 
porary increase in response rates produced 
by self-monitoring not accompanied by 
external reinforcement (e.g., Mahoney, 
Moura, & Wade, 1973) a more rapid 
decline in responding was expected for 
those Ss with initial high response rates, 


METHOD 


Subjects. Thirty-two college students partici- 

. pated on a volunteer basis in an experiment osten- 
sibly dealing with the manner in which individuals 
relate to perceptual tasks. The Ss were randomly 
assigned to one of four conditions: (a) self-moni- 

toring correct, SC, (b) self-monitoring incorrect, 
‘SI, (c) performance feedback, PF, and (d) con- 
trol, C. The PF and C conditions were included 
to control for the effects of attention to feedback 
and cumulative self-monitoring, respectively. 

—— Apparatus. A modified version of the Bingley 
Tutor (Mahoney, Moore, Wade, & Moura, 1973), 
a manually operated linear teaching machine, was 
programed with 10 sets of 10 match-to-sample 
items. The Ss were told to start each set of items 
by E, who simultaneously activated a stopwatch. 

-When 1.5 min. had elapsed for a set of items Ss 
were told to stop. 

When displayed in a frame, each item consisted 

|. of a sample and five possible solutions labeled a 

through e. Each sample contained 6 to 10 letters 
or symbols (eg., MNMNMM), and the solutions 

contained a randomly located repetition of the 

Sample and four alternative random orders of its 

letters or symbols. As Ss advanced each item into 

the frame, they were required to choose an exact 
match from the solutions available. The Ss re- 
sponded by writing the letter corresponding to 
their choice on an answer roll Which advanced in 

- conjunction with the item roll Following each 

- choice, Ss advanced the machine to the next item, 

-. Which automatically advanced their recorded answer 

- beneath a clear plastic frame. In those conditions 

_ in which performance feedback was included (SC, 
SI, and PF), the correct answer became visible 
adjacent to the recorded answer, For the cumu- 
lative self-monitoring groups (SC and SI), an Aristo 
‘counter was mounted on the machine beside the 
answer frame. The counter had a plunger at the 
top and a display window which indicated its 
cumulative count. As an unobtrusive measure of 
accuracy in self-monitoring, a needle attached to 
the counter punched a hole in the answer roll 
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This device 
tual and 


whenever the plunger was depressed. 
provided a reliability check between 
reported performance. 


Procedure. All Ss were initially to: only: that 
the experiment dealt with individual c ences in 
responses to perceptual tasks. Approp: - © written 
instructions for each condition were vided to 
Ss to minimize E bias. Although : primary - 
instructional emphasis was to ansv s many 
items as possible, all Ss were also ure: s answer 
items correctly. 1 

1. Condition SC—Ss were instruct’ o record 
their choices; then if the choice was ect (Le, 
the choice matched the correct ans\ lisplayed 
by the machine) to depress the coun plunger, 
and if the choice was "wrong," to re a Win © 
the answer frame. Finally, Ss were i "acted to 
set the counter back to zero each | E told 
them to stop, and to advance to th: t set of — 
items only when told to do so. i 

2. Condition SI—instructions for S! differed — 
from Condition SC only in that th "ere to | 
depress the counter plunger whenever : choices. 
differed from the answer displayed by t^ -:achine, 
and if their choice was "right," to rec a Rin | 
the answer frame. : 

3. Condition PF—Ss had no count vailable 
and were instructed only to record a | an R 
Whenever their choices were wrong right, 
respectively. 

4. Control—Ss had no counter ava and ^ 
were provided no feedback. They were i; acted © 
only to scribe rectangles around the ansv space 


each time they recorded their choices. 

Both the recording of W and R and the si 
of rectangles were employed to equalize tim 
in the respective conditions and to direct a 
to feedback where applicable. When Ss h: read 
their respective instructions, they were give one 
guided demonstration of the procedure o. their 
condition with a sample item. Following ven- 
numbered sets, Ss were requested to rate their 
motivation to perform on the remaining sets om 
à 10-point scale. 
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RESULTS 


In terms of the unobtrusive reliability 
measure, with a range of .92-1.00, the 
mean reliability coefficient for agreement 
between actual performance and appro- 
priate self-monitoring operations was .95. 

As the major criterion for performance 
in the present study, the numbers of items 
answered correctly by the four groups over: 
all sets of items were subjected to a two- 
way analysis of variance (4 Groups X 10: 
Trial Blocks). This analysis revealed a 
significant main effect for groups, F (3, 28) 
= 9.67, p « .01.- An examination of pair- 
wise contrasts between group means using 


ibing. 


5s Newman-Keuls procedure indicated 

‘ficantly more correct responses 

-.01) for each of the two groups 
;:toring cumulative responses (55.5 and 

; when compared to the PF and C 

iitions (45.6 and 44.9). 
ince relative temporal variations in 
tormance between the conditions in 
‘ich cumulative responses were recorded 
e of special interest, additional analyses 
e performed on the data from the SC 
i SI groups alone. A two-way analysis 

variance (Self-Monitoring Groups X 
rial Blocks) performed on the number of 
rect responses indicated a significant 
interaction, F (1, 14) = 5.20, p < 05.5 
Significant differences in linear, F (1, 14) 
= 7.57, p <.01, and cubic, F (1, 14) 
= 14,81, p < .01, ‘trend components in- 
dicated a decline in number correct for SC 
relative to SI. Inspection of the data 
further indicated that the mean response 
rate for SI (6.25) was significantly higher 
than that for SC (4.75) at the conclusion 
of treatment, t (14) = 3.38, p < .01. How- 
ever, only SI maintained a significantly 
greater number correct than PF (4.38) 
and C (4.25) at the conclusion of treat- 
ment,d (28) = 1.76, p < .01, Dunn (1961) 
multiple-comparison procedure. 

To reflect qualitative differences in per- 
formance, the proportions correct (the 
number of items answered correctly divided 
by the number attempted) for the four 
groups were also subjected to a two-way 
analysis of variance. In addition to a 
significant main effect for groups, F (3, 28) 
2598, p < .01, a significant repeated 
measures effect for trial blocks, P (1, 28) 
2821, p < .01, was obtained. Since a 
significant effect for trial blocks could be 
attributed to varying difficulty between 
sets of items, additional analyses were not 
performed on this factor. The Newman- 
Keuls procedure again indicated signifi- 
cantly higher levels for each of the cumu- 
lative monitoring groups when compared 
to the other two groups (P < .01), with 


3 All analysis of variance effects involving trials 
factors were tested using the corrections in degrees 
of freedom suggested by Geisser and Greenhouse 
(1958). 
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the addition that SI was higher than SC E. 
(p < .01). The mean proportions correct 
for the four groups across the 10 sets of. 
items were .885, .914, .818, and .812, 
respectively. v 

A separate analysis of the proportion 
correct data for the two groups recording 
cumulative responses revealed a significant 
Groups X Trial Blocks interaction, F (1, 
14) = 6.78, p < .05. This interaction ef- 
fect was due primarily to a cubic trend, . 
F (1, 14) = 12.78, p < .01, which indi- 
cated a qualitative decline in performance ~ 
for SC relative to SI. A significant effect 
for trial blocks, F (1, 14) = 10.29, p < .01, 
was again attributed to variations in dif- 
ficulty of items between sets. Inspection 
of the data also indicated that the mean 
performance for SI (.94) was higher than 
that of SC (.86) at the conclusion of 
treatment, although this difference was not 
significant. Moreover, neither the propor- —— 
tion correct for SC nor that for SI was - 
significantly higher than that for PF (.86) 
or C (.84) at the conclusion of treatment. 

Since the interrelationships of covert — 
processes and overt performance were also 
a major concern of the present study, 
overall motivational self-ratings were ana- 
lyzed to assess the levels of performance 
criteria produced by different cumulative 
self-monitoring techniques. Mean moti- 
vational self-ratings for the four groups 
were 36.25, 34.13, 30.13 and 27.25, re- 
spectively. A two-way analysis of vari- 
ance of the self-ratings (4 Groups X 9 
Self-Ratings), which were obtained only 
on the even-numbered sets of items, re- 
vealed an overall significant effect for 
Groups, F (3, 28) = 3.12, p < .05. The - 
Newman-Keuls procedure indicated sig- 
nificantly greater self-rated motivation for | 
each of the cumulative self-monitoring ~ 
groups when compared to each of the — 
other two groups (p < .01). 

In addition, as a reflection of the rela- 
tionship between the temporal changes ind 
self-evaluative criteria and performance, - 
correlations between self-rated motivation - 
and both the number correct and the : 
proportion correct were computed. Exami+ 
nation of the relationships between the 


mean self-rated motivation and mean 
number correct across sets indicated a sig- 
ificant average correlation, r = .68, t (12) 
= 3.21, p < .01: However, the relation- 
ship between self-rated motivation and the 
mean proportion correct across sets was 

- not significant (r = .28). 


DiscussioN 


The results of the present study agree with 
the predominant findings of previous research, 
indicating that self-monitoring can signifi- 

. cantly affect response rates. The Ss who 
= engaged in cumulative recording of their cor- 
. rect or incorrect responses attained both a 
- greater number of correct responses and a 
greater proportion correct than did Ss who 
recorded their individual correct or incorrect 
- responses or who did not self-record. Although 
' the results failed to demonstrate an overall 
A difference between self-monitoring groups in 
T total correct responses, they did reveal an 
overall difference in the proportion of correct 
responses, as well as differences in trends 
across trials for both performance measures. 
The Ss who recorded their cumulative correct 
esponses attained higher initial performance 
levels, but their performance deteriorated over 
time. Consequently, the maintenance of high 
performance levels by Ss monitoring their 
- cumulative incorrect responses resulted in 
higher levels at the conclusion of treatment 
. relative to Ss monitoring their cumulative 
. correct responses. 
-— These findings suggest that in certain thera- 
peutic situations, self-monitoring should focus 
on the nonoccurrence of the target responses 
rather than on their occurrence. This would 
| seem to be particularly important when pro- 
RM maintenance of response rate changes 


s required before the behavior comes under 
he control of the intermittent external 
inforcement. 
Finally, the covert processes of self-evalu- 
ation and self-consequation advanced to ac- 
count for enhanced responding and response 
rate changes as a result of self-monitoring 
received suggestive support from two sources. 
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MEA 


First, higher motivation ratings wc« e 
by Ss who recorded their cumulati: sponses 


when compared to Ss who did record 
cumulative responses. Second, i motiva- 
tion ratings showed a high deg of cor- 


respondence with rates of correc! ponding 


throughout the course of the Expe: ont 
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FACTOR THEORY 


in monoptic, 
by interstimulus interval 


time (RT) procedure. 


sentation was required in 


The short-duration high-capacity storage 
process that results from a briefly exposed 
visual stimulus has been estimated to last 
from 100 to 300 msec. longer than the 
physical stimulus. This “visual persistence” 
is phenomenally indistinguishable from the 
actual physical stimulus. It is generally 
thought of as an internal representation 
reflecting the physical (as opposed to the 
informational) parameters of the stimulus 
(Haber & Standing, 1969). 

The effective duration of visual persistence 
has been controlled by presenting a visual 
masking field some time after the offset of 
the stimulus. Two mechanisms have been 
proposed to explain the operation of the 
masking field on visual persistence—one 
involving integration, the other involving 
interruption. The integration hypothesis 
suggests that test and masking fields are 
summated, resulting in a reduction of the 
contrast and, consequently, in the clarity of 
the test field (e.g., Eriksen & Collins, 1967). 
The interruption hypothesis proposes that 
the mask halts the processing (extraction) 
of information from the persisting represen- 
tation of the stimulus (e.g., Sperling, 1963, 
stay E eS 
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2 Requests for reprints should be sent to Donald 
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FUNCTIONAL CHARACTERISTICS OF VISUAL 
PERSISTENCE PREDICTED BY A TWO- 


MASKING’ 
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In one experiment, backward masking was obtained for 50-msec. targets of 
seven consonants using a visual noise mask. 
dichoptic, and binocular viewing of target and mask separated 
ls of 0, 50, or 100 msec., but not at 150 msec. 
second experiment, postoffset persistence was measured for a 
dark field, and a field containing seven 
When only RT 
same for the three fields; when report of the contents of the visual repre- 
addition to the motor response, 
the field containing the letters was about 35 msec. longer. 


discussed within the framework of a two-factor theory of backward masking. 


OF BACKWARD 


Masking was equally effective 


Ina 

blank field, a 
letters using a subtractive reaction 
was required, persistences were the 


the persistence of 
Results are 


1971). These two hypotheses have fre- ? 
quently been presented as competing, but it 
may not be necessary to treat them as - 
alternative explanations for the same event, 
They may represent two identifiable mechan- 
isms, both of which operate during the 
representation and extraction of information. 
from a visual stimulus (Scharf & Lefton, 
1970; Scheerer, 1973). 

The experiments reported investigated the 
functional characteristics of visual persistence 
within the two-factor theory of backward 
masking. The first experiment demon- 
strated monoptic, dichoptic, and binocular 
masking functions for letter targets and 
visual noise masks. If the duration of the 
persistence is affected by the activity of two 
mechanisms, the components might be dif- 
ferentiated by requiring encoding and report- 
ing of the contents of the target stimulus for 
different types of stimuli. The second 
experiment was performed to test thi 
hypothesis for the same stimuli for which - 
masking functions had been obtained. 
Therefore, persistences of the seven-letter 
targets used in Experiment I were measured | 
using a reaction time (RT) technique | 

(Briggs & Kinsbourne, 1972) in two instruc- 
tional conditions—RT only and RT plus 
verbal report of target contents. If a com- 
ponent of visual persistence is a function of 

the encodability of the contents of the stim- 
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ulus, then measured persistence for the 
_seven-letter arrays would be longer when 
encoding and report were required. No dif- 
ferences would be expected, however, for 
— the blank and dark fields. 
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EXPERIMENT I 
Method 


Materials and apparatus. "Targets consisted of 
randomly generated seven-letter arrays of upper- 
Case consonants. A letter was allowed to appear 
only once in a given array, and each target appeared 
only once in the experiment. A LeRoy lettering 
-pen (No. 4) was used with Stencil No. 610300- 
290CL to draw the targets. The seven consonants 
ibtended approximately 2.5° of horizontal visual 
angle and approximately .5° of vertical visual angle 
dn a 6.5? by 3,5* viewing field. A fixation field 
Was exposed prior to target onset. It consisted of 
a faint pastel red square outline occupying the same 
spatial location as the central letter of the target. 
_ The masking field was made by using the same 

LeRoy lettering equipment and spacing alternate 

Xs and Os such that there was a half space over- 

lap horizontally and vertically for the two differ- 

ent characters. 
Targets and masks were exposed in a three- 
. channel mirror tachistoscope (Scientific Prototype 

Model GB) equipped with a binocular viewing 

eyepiece. Optical quality polarizing material was 

used to achieve dichoptic and monoptic viewing 
conditions. A single sheet of the polarizing 

material transmitted 74.9% of the light in a 
channel while two sheets with orthogonal axes 

allowed less than 2.5% to pass. 

Procedure. There were four experimental con- 
ditions: (a) monoptic: target in one eye, mask in 
the same eye; (5) dichoptic: target in one eye, 
ask in the contralateral €ye; (c) mixed: target 
in one eye, mask presented binocularly; and (d) 
inocular: target and mask presented to both 
eyes. Each masking condition also contained con- 
trol trials in which a blank field was presented in 
‘Place of the mask. A brief tone was used as an 
altering signal prior to the onset of the target. 
The fixation field reappeared after target offset 
and was terminated by the onset of the mask. The 
luminance of the fixation and target fields was 
approximately 12 mL, (3.8 cd/m?) and approx- 
imately .5 mL. (17 cd/m?) for the mask, as 
measured by a United Detector Model 10a photo- 
meter. The target duration was 50 msec. 

The experimental procedures and the four view- 
ing conditions were described to each S at the 
beginning of the test session. The Ss were instruc- 
ted to report as many letters as possible without 
guessing. Four practice trials were given for each 
of the four conditions at each delay—two trials 
with the mask and two without. The mask and 
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blank field in the mask and no-mas!: <> 
each condition were exposed for 1,000 


were four interstimulus intervals (I 0, 50, 
100, and 150 msec. The fixation was on 
during the ISI. 

An experimental session consisted 4 trials/ | 
day in the mask and no-mask sec of each. 
condition following the procedure oc 1 above, 
The block of 16 masking trials was gi first and 
the no-mask control second. The of pre- 
sentation of delays within each block random, 
The order of conditions was as follow Lonoptic, — 
dichoptic, mixed, and binocular. 

Subjects. The eight Ss were grad students ` 
in experimental psychology at Bra: Univer- 
sity. They were tested for acuity cyedness 
and were divided into two groups—t viewing 
the target with their dominant eye ie three | 
conditions involving monocular vic of the 
target, and those viewing it with th :ondom- 
inant eye. All Ss had 20/20 vision. 

Results and Discussion 

Figure 1 shows the numbers letters 
correctly reported for the mask anc -mask 
sections of the four viewing condit :s as a 
function of ISI. An analysis o? — riance | 
was computed for these data for Ss »uped 
according to whether they used th: dom- 
inant or nondominant eyes when o:' one = 


eye was used for viewing. The visua! noise 
mask was effective in all viewing cond ions, 
F (1, 6) = 181.10, p < .01, and was | iffer- 
entially effective as a function of the emp- 
oral contiguity of the target and mask, * (3, 
18) = 40.30, p < 01.8 There was ġo dif- 


ference in performance for the mask and no- 


mask sections at ISIs of 150 msec, ( New- 
man-Keuls test). The degree of masking 
interacted with eyedness, F (1, 6) = 11.90, 
P < Ol. When the target was prese 
the dominant eye, there was less difference 
between the mask and no-mask sections than 
when the target was given to the nondom- 
inant eye, F (3, 8) = 4.10, p < .05. 

A separate analysis was computed on the 
percentage of difference in letters correctly 


3 The fact that the effect of delay was not sig- 
nificant in the no-mask conditions indicates that 
switching from one field to another (the slight, 
barely perceptible flicker caused by the offset of 
the lamps for one channel and the onset in the 
other) was not affecting the percentage of cor- 
rectly reported letters (Raab, 1963). 
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Ficure 1. Number of letters correctly reported as à function of inter- 
(m) and no-mask (nm) conditions for 


stimulus interval (ISI) under mask 
four viewing conditions. 


reported in the mask and no-mask section of 
each condition. These difference scores 
are a more stringent assessment of the effec- 
tiveness of the mask, since performance with 
the mask present is pitted against the no- 
mask control within each condition. An 
analysis of variance computed on the arcsin 
4! transforms of these scores indicated 
that ISI was the only significant effect, F 
(3, 18) = 18.60, p < .01. This supports 
the findings that the mask was equally effec- 
tive under all viewing conditions and that 
the temporal contiguity of target and mask 
similarly affected correct report of letters in 
all four conditions. 


EXPERIMENT IT 


In Experiment I, masking occurred at 
[SIs up to 100 msec. for targets exposed for 
50 msec. Since the interruption and inte- 
gration hypotheses both provide masking 
mechanisms that could operate within such 
an interval, Experiment I does not differ- 
entiate between them. Experiment II was 
Bia e Orc oa aes 

4The difference score is computed as follows: 
(number of letters correct with mask — number 
of letters correct without mask) / (number of letters 
correct in both conditions). 
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(msec) 


an attempt to measure the duration of the 
persistence occurring during this interval 
when the mask was not present, Then com 
parison could be made between those ISIs at 
which the mask ceased to be effective—one 
measure of persistence—and the duration of 
persistence measured by onset-offset RT 
differences. In this way, both the duration 
and the functional characteristics of the 
short-duration store could be compared and 
evaluated. 


Method 


Material and apparatus. 
seven-letter arrays used in 
and dark fields were also used as targets. All 
targets were presented to the dominant eye. An 
interval timer (Hunter Model 1520) was started 
with the onset of the target and terminated when 
S released a microswitch with the thumb of the - 
preferred hand. Target duration (50 msec.) was 
subtracted from these RTs to obtain offset RTs, 
The difference between onset RT and offset RT 
was used as a measure of the duration of the per- — 
sisting visual representation (Briggs & Kinsbourne, 
1972). In all other ways, the materials and 
apparatus were the same as in Experiment I. 

Procedure. The experiment was composed of - 
two instruction conditions: RT-only and RT | 
-Fname. The RT-only condition consisted of - 
a series of RTs to the onset or offset of one of 
the three tareets—letters, blank field, or dark field, - 


In addition to the 
Experiment I, blank. 
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The same task was repeated in the RT + name 
condition where, in addition to the finger response, 
Ss were instructed to report the contents of the 
target field. There were two practice and one 
experimental session on three consecutive days. 
Blank and dark fields were randomly intermixed 
in one block, and fields containing letters were 
presented in a separate block. 
In the RT-only condition, 24 practice trials 
- were presented on each day. The targets, presented 
for 50 msec., were preceded and followed by the 
fixation field. There were six blocks of 20 experi- 
— mental trials each, with 5 catch trials per block. 
The order in which each S received the six blocks 
was randomly determined. Catch trials were 500 
msec. long and were randomly distributed through 
onset and offset blocks. The Ss were instructed to 
release the microswitch at the onset (offset) of 
the target. 

In the RT + name condition, six blocks of 20 
trials were again presented, but the trials within 
the blocks differed from those in the RT-only 
condition, In two blocks, Ss were instructed to 
respond to the onset of either the blank or dark 
target and to report which of the two had been 
-seen. Within each block there were seven blank 
and seven dark fields randomly intermixed with 

three dark and three blank catch trials. There 

were also two blocks of offset trials with the same 

structure. The two blocks for onset and offset of 
the letter targets merely required S to report as 
. many letters as possible in the target, The orders 
_ Of presentation of blocks were randomly varied 
across Ss. 

The RT + name condition was placed second 
so that if a practice effect was Occurring, it would 
be counter to the hypothesis. When report of the 
- contents of the target was required, the difference 
between offset and onset RTs (i.e, measured per- 
- sistence) was expected to increase. This could 
haye been due to longer offset responses. More- 
Over, it was desirable to have Ss remain unaware 
of the naming task in the RT-only condition. 
- Consequently, they were told which target fields 
- Would be shown in each block and no more. This 
sequence would make the RT-only condition less 
likely to show the effects of processing strategies 
attributable to the naming task. This would not 
have been possible had the RT + name condition 

preceded the RT-only condition. 

— Subjects. The Ss were five psychology graduate 

students at Brandeis University. All had 20/20 
vision and had extensive experience in tachis- 
toscopic viewing. Four of the five Ss had also 
participated in Experiment I. 


V 
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Results and Discussion 


There were few errors on catch trials. 
The measurement for persistence, ie, the 
difference between onset and offset RTs, was 
zero, Thus, the practice apparently suc- 
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ceeded in eliminating anticipatory te-dencies 
for RTs to offset. Mean onset offset | 


RTs to blank, dark, and letter t s for 
RT-only and RT + name condi: 5s are 

shown in Table 1. An analysis o! variance | 
was computed on log transform: of the 

response latencies. The naming sk re- 

sulted in slower reactions, F (1, 4 10.19, - 
P < .05, and offset RTs were lc. r than 

onset RTs, F (1, 4) = 77.62, p < The 

difference between RT to onset ani o offset 

was greater for RT + name than r RT- 

only for targets containing letters (ut not 

for the other targets, F (2, 8) 11.06, 

p< 01. 

The more quickly Ss report etters 
from the seven-letter arrays, the e ac- 
curate their performance was. Th- orrela- 
tion between RT to offset and the ‘ber of 


letters correctly reported was — p < 


.01). This increase in error would -mally 
be attributed to a decaying visual rma- 
tion store which, when tapped at ! and 
longer intervals from onset, provi pro- - 
gressively deteriorating represeni | of 
the original stimulus. If this wer: case 
however, there would not have an 
interaction between task and type of arget i 
in the measurement of persistence. The | 
measurement would either have beo the 
same for the two instructional conditi..:s, or 
it would have been larger by the same 
amount for all of the targets. 

Thus, a simple theory of decay <:anot 


alone explain why the encoding and + »port- 
ing added 60 msec. to the measured persist- 
ence of the letters and not to the other tar- 
gets. The difference between onset and 
offset RT suggests that (a) the visual rep- 
resentation of the stimulus persisted for 
about 60 msec. when only a motor response 
was required, and (b) the persistence in- 
creased to about 93 msec. when it was 
necessary to extract and report letter-name 
information in addition to the finger 
response. Clearly, the increase cannot be 
attributed to task differences alone for, even 
though the requirement to name increased 
response latency in general by approximately 
32 msec. for the blank and dark fields, onset 
RT for letters increased only 16 msec., 


M 


^ 


TABLE 1 


MEAN ONSET AND OFFSET REACTION Times (RTs, IN MSEC.) TO BLANK, Dark, AND 
LETTER TARGETS FOR RT-ONLY AND RT + NAME CONDITIONS 


VISUAL PERSISTENCE PREDICTED FROM BACKWARD MASKING 


253 


Target 
adition Blank Dark Letter 
Onset Offset Difference Onset Offset Difference Onset Offset. Difference. 
only 240 311 71 232 299 67 256 290 34 
4 name 280 329 49 267 331 64 272 365 93 
ifference 40 18 35 32 16 75 


reas offset RT to letters increased 75 

ec. (see Table 1). The longer persistence 

the naming condition suggests that the 
tion of a postofiset short-lived high-ca- 
pacity store as a purely visual phenomenon 
may be misleading. Rather than a single 
process, there may be two processes that 
underlie this persisting representation of 
the stimulus. The first component may be 
unaffected by target content; the second 
may be a function of the extraction and 
encoding of information from the representa- 
tion, It is important to note, moreover, 
that even though the two components differ 
in character and function, they are phenom- 
enally indistinguishable. 

This interpretation is compatible with the 
results of Scharf and Lefton (1970) for a 
task requiring immediate report. However, 
they also found that a partial report pro- 
cedure resulted in impaired performance for 
mask delays up to 350 msec. after stimulus 
onset. Scharf and Lefton interpreted their 
data in terms of the activity of two processes 
—one involving degradation of the stimulus, 
and another involving disruption of post- 
stimulus processing. In addition, they pro- 
posed that the amount of disruption de- 
pended on the task. In this view, the late 
component of persistence would not have a 
fixed duration, but would have a variable 
duration determined by the nature of the 
operations to be performed on it. 

Since there were four Ss who participated 
in both experiments, their masking functions 
from Experiment I, taken as estimates of 
the duration of target persistence for the 
seven-letter arrays, may be compared with 
the direct RT measures of persistence for 


the same stimuli. In Experiment I, masking 
ceased at an ISI of 100 msec. In Experi- 
ment II, the average direct measure of per- 
sistence for these Ss was 103.5 msec. Thus, 
the cessation of mask effectiveness and the 
termination of the persisting representation 
of the target have been shown, by inde- 
pendent measurements, to be simultaneously 
occurring events. The most parsimonious 
conclusion is that they are manifestations of 
the same underlying events. 

The two-factor theory of backward mask- 
ing maintains that the mechanisms of mask- 
ing differ for short and long ISIs. These 
mechanisms implicate functionally different 
characteristics of a  postoffset process. 
Masking at stimulus onset asynchronies of 
less than 100 msec. is thought to be due to 
an integrative mechanism that would operate 
on the physical rather than the informational 
aspects of the stimulus (Scheerer, 1973). 
Tn the present research, since the target was 
shown for 50 msec., integration of target and 
mask would be occurring for ISIs of less 
than 50 msec. The first component of post- 
offset persistence was found to be approx- 
imately 30 msec. and was not related to the. 
encodable, or informational, contents of the 
target. The second component, measured. 
to be approximately 60 msec., was related — 
to the encodable content of the target. This 
finding is compatible with the theory of 
interruption of encoding responsible for 
masking at longer ISIs. Thus, both the 
duration and the characteristics of the two 
components of postoffset persistence de- 
scribed in the present research conform to 
the mechanisms described in the two-factor 
theory of backward masking and to the 
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stimulus onset asynchronies at which they 
ire expected to be effective. 

The present research also suggests that 
the concept of postoffset persistence as a 
neural or sensory impression lasting for 
250-300 msec. is misleading. At the least, 
there appears to be a high-capacity store 
lasting approximately 30-40 msec. There 
also appears to be a second component mak- 
ing up the better part of the duration of the 
persistence. However, this component lacks 
the high-capacity storage capability of the 
first component and seems to be the result of 
having to encode and report complex (per- 
haps familiar) visual information. Briggs 

and Kinsbourne (1972), using stimuli of 
100 msec. and more, report a nonsignificant 
-trend toward longer persistence of letters 
as opposed to a matrix of squares. Since 
they found an inverse relationship between 
stimulus duration and measured persistence, 
their 73-msec. persistence of nine letters 
compares reasonably well with the 93-msec. 
persistence of seven letters in Experiment 
I. In the "squares" condition, in which 
verbal report was not required for the 100- 
. msec, exposures, measured persistence was 
41 msec., whereas blank and dark targets 
persisted for 71 and 65 msec., respectively, 
for 50-msec. exposures in the no-name con- 
dition. Further comparisons are precluded 
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by Briggs and Kinsbourne’s use 
exposure durations. Neverthele 
clusions that (a) a short-term 
msec. cannot be the physical p 
a visual stimulus, and (b) the : 
processing requirement adds < 
component, are supported. 
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INTRUSION OF A THEMATIC IDEA IN 
RETENTION OF PROSE* 


REBECCA A. SULIN ax» D. JAMES DOOLING? 
Kent State University 


Two implications of Bartlett's theory of memory were tested: (a) that prose 
passages are stored in schematic form, and (b) that thematic assimilation 


increases with the passage of time. 


The Ss read brief biographical passages 


about either a famous or a fictitious person (e.g., Adolph Hitler vs. Gerald 


Martin). 
tervals of either 5 min. or 1 wk. 


character yielded more false positive errors, 
relatedness of the recognition foil. The 
lation was also upheld : Thematic effects 


condition depended on the thematic 
further prediction on thematic assimil 


Recognition memory for individual sentences was tested after in- 
As expected, passages with a famous main 


In addition, the errors in this 


were relatively greater at the longer retention interval. 


‘The resurgence of cognitive psychology, 
as defined by Neisser’s (1967) classic text, 
has led to a revival of interest in the work of 
Bartlett (1932) on remembering. Accord- 
ing to Bartlett, the central meaning of a 
prose passage is stored in memory in 
schematic form. Recall of the words is 
achieved by a process of reconstruction 
from this underlying theme. Since memory 
is hypothesized to be an active reconstruc- 
tive process in which Ss make use of their 
knowledge of the world, thematic intrusion 
errors should be a common feature of recall. 
For example, in Bartlett's “War of the 
Ghosts" story, two Indians are "hunting 
seals," During recall, S might remember 
that the Indians were "fishing." The 
general idea was remembered, but S’s 
knowledge of the world intrudes with the 
more culturally common interpretation of 
the event to be remembered. With longer 
retention intervals, Bartlett reports that 
such thematic tendencies become more 
pronounced. As the schema becomes more 
dominant, specific details are assimilated. 
CIS hae 

1 This article is based on a thesis by Rebecca A. 
Sulin submitted to Kent State University in partial 
fulfillment of the requirements for the master's 
degree. The results of Experiment I were presented 
at the meeting of the American Psychological 
Association, Montreal, August 1973. We are grate- 
ful to Joseph H. Danks for his comments on an 
earlier version of this manuscript. 

2 Requests for reprints should be sent to D. James 
Dooling, Psychology Department, Kent State 
University, Kent, Ohio 44242. 


More recently, Pompi and Lachman ` 
(1967) have demonstrated that Ss make 


thematic errors in the retention of prose. — 


They had Ss read a highly thematic passage 
about an operation for cancer. The indi- 
vidual words of the story, however, were 
low associates to the theme. For example, 
the surgeon was ‘‘Chief Resident Jones" 
who uncovered an "ugly growth too large 
for removal." On a subsequent recognition 
test, Ss tended to falsely recognize highly 
thematic words that had not actually oc- 
curred in the passage (e.g., surgeon, cancer, 
etc.). A similar effect has been obtained 
by Bransford and Franks (1971). After 
their Ss had read a series of related sen- 
tences, they tended to falsely recognize new 
sentences that contained ideas integrated 
from those previously presented. Both of 
these experiments show that memory is 
“constructive” in Bartlett's sense of the 
term. 

The present study attempts to extend 
our knowledge of constructive memory 
processes by providing a manipulation of 
the schematic knowledge used by Ss in 
remembering. The Ss were asked to read 
a short biographical passage. For half of - 
them, the main character was à famous 
person, like Adolph Hitler. In reading the 
passage, these Ss could draw on their pre- 
experimental knowledge of Hitler to aid 
them in the comprehension and retention of 
the passage. The other half of the Ss were 
asked to read the same passage, but pre- 
sented as a biography of a fictitious main 


255 


- 256 


character named Gerald Martin. It was 
assumed that Ss who read the famous main 
character version of a passage would be 
working with a more richly elaborated 
schema. They would, in effect, call into 
their working memory a good deal of 
extraneous information that was not specif- 


‘ically required by the passage to be remem- 


bered. These Ss, therefore, would be more 
likely to make a false positive error on a 
subsequent recognition test. 

A second variable in the experiment had 
to do with the characteristics of a particular 
recognition foil, hereafter referred to as the 
key sentence. The key sentence was 
"new;" it was presented in the recognition 
test but had not occurred in the original 
passage. For half of the Ss, the key sen- 
tence was high in thematic relatedness. It 
asserted a well-known fact that was part of 
the schematic stereotype of the famous 
main character. The other half of the Ss 
were tested with a low-thematic key sen- 
tence, one that described a less dominant 
attribute of the famous person. This 
manipulation of the key sentence, along the 
dimension of thematic relatedness, allows 
us to assess whether false recognitions are 
specifically thematic, as would be predicted 


_ by Bartlett’s theory of the schema. The 


Ss who read about the famous main charac- 
ter should make more false positive errors 
on the high- than on the low-thematic key 
sentence. No such prediction is made for 
the fictitious main character condition, 

A third independent variable was the 
length of the retention interval. The 
recognition test was administered after 


either 5 min. or 1 wk. Every theory of 


memory predicts poorer retention at the 
longerinterval. Bartlett's theory, however, 
specifically requires that thematic errors 
become relatively more pronounced with 
the passage of time. Specific information 
is expected to decay with time, while the 
schema remains relatively stable and intact. 
With the passage of time, Ss should rely 
more on the general information contained 
in the schema, and less on the specific 
information remembered from the passage. 
If Ss rely more heavily on the schema at the 
longer retention interval, they should make 
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ons. In 
edicted 
entence 
snitude 


more highly theniatic false recog 
short, the thematic interaction 
with the main character and key 
variables should be of greater : 
after 1 wk. than after 5 min. 
Two experiments are reported 
nearly identical in conceptual : 
differ in a number of methodolo:: 


hey are | 
zn, but 
details, 


EXPERIMENT I 


Method 
Design. A 2X2X2 X2 factorial ign was 
employed with 10 Ss in each cell. The fa. s were: 


(a) main character—famous vs. fictitio 
sentence tested—high vs. low thematic; 
—5 min. vs. 1 wk.; and (d) passage—Ad 
(Gerald Martin) vs. Helen Keller (Caro: 


(b) key 
nteryal 
Hitler 


Subjects. The Ss were 160 introdu 1 
chology students who were fulfilling rse ree - 
quirement. Three additional Ss were in the 


l-wk. condition, but had to be repla because 


they did not show up for the retention : 


Materials. Two short biographical pa s were 
constructed by the authors to meet : quire- 
ments of the experimental manipulat: Each 
passage was written so that its assertion e true 
of a specific famous historical character. vidual 
sentences, however, were fairly low in matic 
relatedness when taken out of context. T) sages 
were pretested informally and rewritten ti | naive 
readers (a) agreed that the sentences were rue of 
the intended famous main character, and (/ failed 
to recognize the famous main character of ii + story 
when the name of a fictitious character wa: substi- 


tuted. The text of Passage 1 is given belo 


Helen Keller's need for professional help. telen 
Keller was a problem child from birth. was 
wild, stubborn, and violent. By the time iielen 


turned eight, she was still unmanageable. Her 
parents were very concerned about her mental 
health. There was no good institution for her 
problem in her state. Her parents finally de- 


cided to take some action. They hired a private 
teacher for Helen. 


A second version of this passage was created by 
substituting the name Carol Harris for Helen Keller 
throughout. 

The other experimental passage was about 
Adolph Hitler. It was written in the same style 
and also consisted of a title and seven sentences. 
The fictitious character for the Hitler story was 
named Gerald Martin. Passage 2 is given below: 


Adolph Hitler's seizure of power. Adolph 
Hitler strove to undermine the existing govern- 
ment to satisfy his political ambitions. Many 
of the people of his country supported his efforts. 
Current political problems made it relatively 
easy for Hitler to take over. Certain groups 
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TABLE 1 


SCORING PROCEDURE FOR EXPERIMENT | 


INTRUSION OF THEME IN RETENTION OF PROSE 


Judgment 
Exactly the same Slightly different Very different 
{ nce T2 +1 0 —1 —2| 42.41 Q0 —1 —2| —2 -—t1 0 +1 +2 
5 -7 =6 —5 -4 —3 0 0 0 0 o| +3 +4 +5 +6 +7 


loyal to the old government and 


ren 

cat Hider trouble. He confronted these 

gro ectly and so silenced them. He became 

at uncontrollable dictator. The ulti- 

ma ct of his rule was the downfall of his 

Cot 

Fo: passage, a highly thematic key sentence 
was i ructed. The key sentence was an 
altern ersion of one of the sentences in the 
origina issage. It had the same grammatical 
structu ss the original and fit appropriately into 
the cor of the passage. Whereas the original 
senten: is fairly low in thematic relatedness, the 
high-th» tic key sentence asserted a well-known 
central ibout the famous main character. The 
content his sentence was determined by the 
ratings college students. They were given the 
name c. a famous character and asked to write 
down eich: sentences about his or her life. They 
were the sed to rank order each. For Helen 
Keller, thc central fact was clearly that She was 
deaf, dun’. and blind, This sentence, therefore, 
was ch is the high-thematic alternate for the 
low-the key sentence italicized in the passage 
above, “ine Adolph Hitler ratings were not as clear- 
cut, The dominant rating centered around the fact 
that he the Nazi leader of Germany in World 
War Il. ‘This was not used, for it could not be 


plausibly attributed to Gerald Martin. Instead, the 
second most common response, having to do with 
his persecution of the Jews, was used: He hated the 
Jews particularly and so persecuted them. Further 
ratings on the thematic relatedness of sentences are 
1 in the Results section of Experiment I. 
edure. "The Ss were run in groups of eight or 
h each S serving in a different experimental 
condition. Assignment to conditions was haphazard 
n that materials were distributed to eight desks and 
Ss were allowed to choose their own seats. The Ss 
were told that the experiment was about memory 
and that they would be reading a short story, one 
sentence at a time. Each sentence appeared on a 
separate page of a booklet. The Ss were instructed 
to read each sentence for 4 sec. and to turn the page 
in time with a click from E. The instructions em- 
Phasized reading for meaning and discouraged rote 
memorization. 

After reading the story, half of the 5s were dis- 
missed and asked to return at the same time 1 wk. 
later. The remaining Ss sat quietly in their seats 
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for 5 min. Both groups were under instructions not 
to rehearse the material or to discuss it with anyone. 
After the appropriate retention interval, the recog- 
nition test sheets were distributed. Each contained 
seven of the eight original sentences in the correct 
order. The key sentence was switched for the recog- 
nition test so that Ss received the alternate of the 
one they had actually read. The Ss were instructed — 
to read each sentence in order and to judge whether 
it was exactly the same, slightly different, or very 
different from the sentence originally read, They 
also rated their confidence for each judgment on a 
5-point scale. 


Results and Discussion 


Scoring. The dependent variable for all 
analyses of Experiment I was a score that 
combined correctness of judgment with 
degree of confidence. Each of the three 
response categories was considered to have 
a range of 5 points, depending on S's 
confidence. For the key sentence, the 
correct judgment was very different. With- 
in this category, the higher S's confidence, 
the higher his recognition score. At the 
opposite extreme, a response of exactly the 
same was in error. The higher S's con- 
fidence within this category, the lower his 
recognition score. Judgments of slightly 
different yielded intermediate scores. The 
scoring procedure is outlined in Table 1. 

Recognition scores had a range of 15, 
from —7 to +7. All scores in the slightly 
different category were assigned zero values 
because the directionality of confidence was 
indeterminate. The scoring of non-key 
sentences followed the same procedure, but 
the directionality was reversed. For these, 
exactly the same was the correct response 
and yielded the higher scores. In both 
analyses to be reported below, therefore, 
high scores reflect high recognition 
accuracy. 
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Key sentence. The key sentence was the 
one and only new sentence on the recog- 
nition test for all Ss. Analysis of variance 
for recognition accuracy of this sentence 
yielded the predicted main effect of main 
character, F (1, 144) = 13.21, p < .001. 
The Ss who read a passage about a famous 
main character had lower scores than did 
those who read about a fictitious character 
(4.00 vs. 5.85). The main effect of interval 
was also significant, F (1, 144) = 10.51, 
p <.01. Performance was better after a 
retention interval of 5 min. than after 1 wk. 
(5.75 vs. 4.10). Neither of the two remain- 
ing main effects, type of key sentence and 
passage, was significant. 

The predicted Main Character X Type 
of Key Sentence interaction was significant, 
F (1, 144) = 5.10, p < .05. The means for 
this interaction can be inferred from those 
presented in Table 2. As predicted, in the 
famous main character condition, perform- 
ance was worse when the key sentence 
tested was high in thematic relatedness. 
This result is consistent with Bartlett's 
(1932) theory that Ss store a passage in 
schematic form, relying on their preexperi- 
mental knowledge of the topic as part of 
the remembering process. Because of sche- 
matic storage, a high-thematic key sen- 
tence presents S with a more difficult 
discrimination on the recognition test. 
Hence, there are more false positive errors. 
In contrast, Ss in the fictitious group, 
tested on the same material, give the op- 
posite pattern of results. Recognition 
accuracy is actually higher on the high- 


TABLE 2 


MAIN CHARACTER X Tyre or Krv 
SENTENCE X INTERVAL INTERACTION 
IN EXPERIMENT I 


Main character 
Key sentence tested 


Famous Fictitious 
Five-minute interval 
Low thematic 5.45 (.80) | 5.95 ( .90) 
High thematic 4.70 (.80) | 6.90 (1.00) 
One-week interval 
Low thematic 3.85 (75) | 4.75 ( .80) 
High thematic 2.00 (.50) | 5.80 ( .95) 


Note, Proportion correct is included in parentheses, 
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` proves free-recall performance (Dooling & 


thematic key sentence. Aj: x 
aspect of the results was no 
it is understandable. In the « 
fictitious passage, the high: 
sentence stands out and is 
criminate from the old sente: 
cases, extraexperimental thc: 
edge affects performance on 
test in predictable ways. 

No other interactions we 
Most notably, there was nc 
significant tendency for the th 
demonstrated above to becor 
nounced at the longer rete: 
The means were, however, ir 
direction, as shown in Table ?. 

Old sentences. Recognition : 
seven sentences that appeared i 
and test were averaged for 
analysis of variance was perfo: 
measure. The main effect of '. 
significant, F (1, 144) — 29.: 


tic knowl 
retention 


tic effects 
iore pro- 
interval, 


Performance was more accus > after 5 
min. than after 1 wk. (3.62 vs.. 19). The 
main effect of passage was also ¿` ¿nificant 
F (1, 144) = 12.99, p < .001. ‘i:e Helen” 
Keller/Carol Harris passage wes remem- 
bered better than the Adolph Hitte: /Gerald 
Martin passage (3.37 vs. 2.43). «o other 


main effects were statistically si;ificants | 
The failure to find an overall superiority | 
for the famous condition appears to be 
contrary to Bartlett's conceptualization of 
memory. The group with the better 
schema should remember better if the 
schema is a mnemonic device. In fact, it 
has previously been demonstrated that 
knowledge of the theme of a passage im- 


Lachman, 1971; Dooling & Mullet, 1973). 
Two comments seem appropriate on this 
point. (a) A recognition test is not very 
sensitive to organizational factors in meme 
ory for prose (Lachman & Dooling, 1968). 
Indeed, Dooling and Lachman failed t0 
find overall differences in recognition mem- 
ory when theme was manipulated. (b) In 

the present study, the two main character ^. 
conditions did not induce pronounced d 
ferences in the organizational structure of 
the passage. In both versions, the senten- 
ces were fairly well integrated around 4. 


p 


4 


centra! ‘ica, The hypothesized organiza- 
tional »operties of a schema, therefore, 
were i effectively manipulated in the 


presen: oi udy. 

The. was one significant interaction, 
Inte: x Passage, F (1, 144) — 4.15, 
p<. (he passage that was remembered 
bett 5 min. underwent a greater 
amo: of forgetting during the 1-wk. 
inter’ Neither of the significant main 

effects. however, was compromised by the 
inter: m. 
EXPERIMENT II 

Tv ; the three predictions made in 
Expe:^^ent I were confirmed and the third 

wasio ‘ue predicted direction. Experiment 
II was © replication of the first study with 
a num of minor methodological changes. 
On the cognition test, Ss were presented 
with se ^n old sentences intermingled with 
seven n» sentences in random order. The 
decisio. on each sentence was a yes-mo 
judgm^t that had to be made on each 
sentence individually and out of context. 
One of the seven recognition foils was the 
alternate form of the key sentence, as in 


Experiment I. The design was the same, 
with 11 Ss in each of the 16 cells. 


Method 


Subjects. The Ss were 176 students at Kent State 
University who were fulfilling a course requirement, 
Eighty-five of these Ss were from the same popula- 
tion as those in Experiment I. Fifty-nine were 
summer school students of introductory psychology. 
Twenty were enrolled in a junior level course in the 
psychology of learning. Twelve were enrolled in a 
graduate level psychology course for nonmajors. 
In addition to these, 8 additional Ss were discarded: 
3 for failure to return for the retention test at 1 wk., 
2 because their recognition test booklets were de- 
fective, and 2 because English was not their native 
language. 

Materials. ‘The passages to be read were exactly 
the same as in Experiment I. For the recognition 
test, the seven non-key old sentences were presented 
along with seven new, foil sentences. One of these 
was the alternate version of the key sentence, just 
as it was in Experiment I. The six additional foils 


contained two that were constructed to be themati- 


cally related to the famous main character. It was 
thought that the presence of these two thematic 
foils would attenuate any novelty associated with 
the key sentence. In addition, these two sentences 
were chosen to represent differing degrees of the- 
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matic relatedness. One of the additional foils was 
constructed to be of medium thematic relatedness, 
and one was relatively low in thematic content. Th un 
ratings collected in Experiment I were used for this — 
purpose. The medium-thematic foil was written: x 
to incorporate a concept that was ascribed to the 
main character by several raters. For the Keller/ — 
Harris passage it was She helped other people over= 
come their handicaps, and for the Hitler/Martin 


passage Hitler (Martin) was obsessed by the desire 
to conquer the world. The low-thematic foil incorpo- 
rated the ratings of only one or two Ss, For the 
Keller/Harris passage it was A book was written 
about Helen's (Carol's) life, and for the Hitler/ Martin 
passage He was an intelligent man, but had no sense 
of human kindness, The four remaining foils were 
constructed to be neutral with respect to theme. 
They were taken from the passage not read by Ss, 
but with appropriate modifications in name and sex. 
Further data on the thematic relatedness of foils 
are given in the Results section. 

Procedure. The Ss were given the passage to be 
read on a single sheet of paper that was stapled shut. 
Upon E's signal they opened it, gave it one careful 
reading at their own pace, and turned it face down 
on the desk. After the appropriate retention inter- 
val, they were given a booklet with one sentence on 
each page. They were instructed to read each sen- 
tence in order and to “Decide whether the sentence 
is the same as or different from any of the sentences 
you read in the story." They were also told to 
rate their degree of confidence in each judgment on a 


5-point scale. 


Results and Discussion 


Scoring. The recognition score was a 
combination of accuracy and confidence, 
as in Experiment I. Correct scores were 
given a value from +1 to +5, depending 
on degree of confidence. The higher the 
confidence, the higher the recognition score, 
Erroneous judgments yielded negative rec- 
ognition scores, with high confidence yield- 
ing the lowest score of —S. 

Key sentence. Recognition scores on the 
key sentence alone were submitted to 
analysis of variance, as in Experiment I. 
'There were significant main effects for 
both main character, F (1, 160) — 10.3, 
p «01; and interval, F (1, 160) — 27.7, 
p < 001. The Ss were less accurate when 
the main character had been famous rather 
than fictitious (2.80 vs. 4.05), and perform- 
ance was better at the shorter retention | 
interval (4.44 vs. 2.40). The other two € 
main effects were not significant. All main 
effects replicate the findings of Experiment 
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I. Unlike Experiment I, however, there 
- was a significant Main Character X Inter- 
val interaction, F (1, 160) = 5.5, p < .05. 
The means can be inferred from those pre- 
sented in Table 3. As predicted, the main 
= character effect is of greater magnitude at 
the longer retention interval. 

The predicted Main Character X Type 
of Key Sentence interaction, which was 
obtained in Experiment I, did not reach 
statistical significance at the .05 level, but 

these two variables interacted significantly 
«with interval, F (1, 160) = 5.7, p < .05. 
The means are shown in Table 3. The pre- 
dicted thematic effect was obtained only at 
the 1-wk. retention interval. The Ss;who 
read the main character version of a passage 
had a greater tendency to falsely recognize 
a high-thematic key sentence. This result 
confirms Bartlett’s (1932) contention that 
thematic assimilation increases with the 
passage of time. At the longer retention 
interval, Ss have less memory for the 
specifics of the passage and rely on recon- 
struction from the schema to a greater 
degree. 

Foil sentences. "The inclusion of seven 
recognition foils in Experiment II makes it 
possible to test the experimental predictions 
with a somewhat different design. Four 
of the foils were neutral with respect to 
. theme, and these were averaged into a single 
score for each S. In addition, the present 
analysis includes data only from those Ss 
who were tested on the high-thematic 
version of the key sentence. When these 
two things are done, foil type can be viewed 


TABLE 3 


MAIN. CHARACTER X TYPE or KEY 
SENTENCE X INTERVAL INTERACTION 
IN EXPERIMENT II 


Main character 
Key sentence tested 


E T MN 
Famous Fictitious 
ARE interval 
ow thematic 3.68 ( .86) | 427 95) 

High thematic 4.86 (1.00 ; i 
ES interval SC (100) 

Low thematic 1.86 ( .77) | 2.44 

High thematic -77 ( 59) | 455 ton 


Note. Proportion correct is included in parentheses, 
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neutral and low, medium, ar 
matic. This variable was combined 
torially with the between-Ss variables « 
main character, interval, ard passage fi 
analysis of variance. It v 
that recognition accuracy 

would depend on thematic relatedness an 
that the thematic effects would be greater 
at the longer retention interval. 


effects were significant beyond the .01 level 
of significance. The means fo: the effects 
of main character, F (1, 80) 
interval, F (1, 80) — 21.0, and foil typ 
F (3, 240) — 10.7, can be inferred from th 
data presented in Figure 1. As for passag 
F (1, 80) — 11.0, performance was better 
on the Helen Keller/Carol Harris passage 
(4.31 vs. 3.31). The three possible two-way? 
interactions among the variables of maim 
character, interval, and foil type were all 
significant, but each of them was compro 
mised by their triple interaction, F (3, 240) 
= 4.7, p < .01. The means for this inter 
action are shown in Figure 1. At the 5- 
retention interval, all means are fai 
close to the maximum value of 5. Ther 
are no differences for either the maim 
character or foil type variables. After 1 
wk., however, Ss in the famous maim 
character condition clearly perform | 
accurately. With this one group the typ 
of foil has a pronounced effect. The”more 
thematic the foil, the more likely it is to 
be falsely recognized. This interaction © 
occurred in similar form for both experi- 
mental passages. The four-way interaction” 
did not approach statistical significance. 

There was one other significant interac 
tion in the present analysis, that of Passage: 
X Foil Type, F (3, 240) = 6.4, p < .00L. 
The interaction was primarily due to the 
fact that performance was unusually low 
for the medium-thematic foil for the 
Adolph Hitler/Gerald Martin passage. 
The sentence in question was Hitler 
(Martin) was obsessed with the desire to 
conquer the world. There appeared to be a 
thematic effect on this sentence with bo 
the famous and fictitious main characters f 
It is, evidently, a sentence that can plau- 
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sibly applied to any dictator of the sort 
descri. in the passage. Performance on 
this ons sentence is reflected in the one 
data point that appears to be out of place 
in Figure 1. 

As a double check on the conclusions to 
be reacted on the basis of the foil type 
analysis, a post hoc rating of thematic 
relat s was performed by 20 intro- 


ductory psychology students. The raters 
were given the 15 sentences associated with 
the famous main character version of each 
passage (7 old sentences, 2 key sentences, 
6 non-key foils) and asked to rate each ona 
7-point scale. They were told the name of 
the famous main character and asked to 
rate how central each sentence was with 
respect to the person’s life. A rating of 7 
was to be given only to sentences that 
asserted ''the first thing someone would say 
in describing the person's life." A rating of 
1 was reserved for "sentences that do not 
apply to the famous person or that could 
be about almost anyone." Two different 
random orderings of sentences were used 
for each passage and ratings of the two 
passages were done in counterbalanced 
order for equal numbers of raters. The 
results of the ratings support the previous 
classification of the foil types. The mean 
ratings for the neutral and low-, medium-, 
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FicuRE 1. Recognition of thematically related foils as a function of 
main character and retention interval (Experiment IT). 


and high-thematic foil types were: (a) 
Helen Keller—1.68, 4.95, 6.15, and 7.00; 
and (b) Adolph Hitler—1.53, 4.65, 6.30, 
and 6.45. The scale along the abscissa of 
Figure 1, therefore, has ordinal but not 
interval properties. The 7 old sentences 
were rated 4.62 and 5.58 for the Keller and 
Hitler passages respectively, while the low- 
thematic version of the key sentence was 
rated 5.15 and 3.75. The latter rating is 
not relevant for the foil-type analysis, but 
it does confirm the effectiveness of the key 
sentence manipulation in the two previous 
analyses. 

Old sentences. Recognition scores on the 
seven sentences that had appeared in both 
study and test were averaged for each S and 
analysis of variance was performed on this 
measure. |The main effect of main charac- 
ter was significant, F (1, 160) = 5.6, 
p < .05. Performance was worse with the 
famous main character (2.17 vs. 2.76). 
The main effect of interval was also signif- 
icant, F (1, 160) = 7.17, p < .01. Per- 
formance was better at 5 min. than at 
1 wk. (2.80 vs. 2.14). : The other two main 
effects were nonsignificant. T here was 
only one significant interaction, that of 
Main Character X Passage, F (1, 160) — 
3.8, p < .05. The difference due to the 
main character variable was in the same 


GENERAL DISCUSSION 


The results of the two experiments provide 
upport for Bartlett's (1932) theory of mem- 
ory. It was shown that preexperimental 
knowledge of the topic of a passage affects 
erformance on a subsequent retention test. 
pecifically, false recognitions of thematically 
related foils show that memory for prose 
involves a reconstructive process from an 
abstract representation of the substance of the 
E passage. A number of recent studies have 
"also demonstrated the constructive nature of 
memory and substantially confirm Bartlett's 
nsights on the remembering process (cf. 
ofer, 1973). Of special relevance in the pres- 
t study is the demonstration that thematic 
ffects increase with the passage of time. At 
he longer retention interval, Ss have less 
emory for specifics and rely to a greater 
extent on their memory for the theme. Reten- 
on interval effects have been almost totally 
nored by students of constructive memory 
rocesses, The present results suggest, how- 


can be profitably studied within the fra 
of Bartlett's theory. 
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Y AND THEME IN RECALL OF CONNECTED DISCOURSE? 


Different variables 


the probable detail on the basis of that im- 
pression and relevant past experience. 

One form in which the discourse theme 
might be stored is visual imagery (Pompi 
Yuille and Paivio 
(1969) tested this hypothesis by investigat- 
ing immediate free recall of passages of high, 
medium, and low imagery-concreteness, 
as determined by the concreteness of the 
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Use of definite articles in a set of 17 sentences facilitated the connection of those 
sentences into a theme or story in memory. Those Ss who recalled the passage 
as a story remembered significantly more words and sentences and made more 
theme-related word substitutions in both immediate and long-term recall than 
did Ss who processed the passage as unrelated sentences. 
were found to determine the amount recalled from each sentence, depending 
on whether the sentences were recalled as a story or not. The rated centrality 
of each sentence to the theme of the story correlated highly with the degree 
of recall of those sentences when they were recalled as a story. The rated 
image-evoking value and the order of sentence presentation (the latter only 
in immediate memory) correlated highly with recall when the sentences were 
recalled as unrelated to each other. 
A aber of recent studies have shown 

that matically connected discourse is 

bette: recalled than a random string of 

word a series of unconnected sentences. 

Bren: (1969) demonstrated that recall for & Lachman, 1967). 

the words in syntactic as opposed to random 

story as better than recall of the same 

word- «hen the sentences were rearranged 

to de: oy the integrative function of the 


oh. Pompi and Lachman (1967) 
i tut thematically associated passages 
«ter retained than the same words 
ced in random order, where retention 
asured in terms of the number of 
»rrectly recalled or recognized. The 
Ss in that study also made more theme- 
related errors when attempting to recall or 
recognize words from the connected dis- 
course. Pompi and Lachman suggested 
that the theme in connected discourse gen- 
erates "surrogate processes" reflecting the 
essential idea of the passage, and that these 
processes are used to regenerate the passage. 
This suggestion is very close to Bartlett's 
(1932) notion of an organizing “schema” 
whereby one gets a general impression of 
the whole of a passage and then constructs 


1 The author is indebted to Alex Ricks and Dennis 
Kosovac for their help in running the experiment, 
and to Roger Brown, Eric Wanner, and Jeremy 
Anglin for all their encouragement and advice during 
this research. 

? Requests for reprints should be sent to Peter A. 
de Villiers, Department of Psychology, Harvard 
University, William James Hall, 33 Kirkland Street, 
Cambridge, Massachusetts 02138. 


words used to construct the passages and 
by ratings of overall passage concreteness 
by a group of Ss. More words were recalled — 
as concreteness increased, but presenting 
the words in syntactic as opposed to random 
order facilitated recall only when the con- — 
tent of the passage was highly concrete. 
Paivio (1971) has suggested 2 possible ways | 
in which visual imagery might facilitate - 
recall of a story. Either thematic presenta- 
tion of concrete material enhances the gen- 
eration of an integrative image or setting — 
of the story, which then mediates retrieval 
of the original verbal material, or isolated 
details are remembered in the form of. 
specific images aroused during the verbal 
input and organized on the basis of past 
experience. —Paivio favored the former. 
theory, but Morris and Reid (1972) have 
more recently found that the image-evok- - 
ing value (I) of the individual nouns in a 
passage of prose correlates significantly with 
recall of those nouns, suggesting that 
imagery is also important in memory for 
the isolated elements of a prose passage. 
Another study of the way in which the 
theme of a passage might mediate recall was 
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carried out by Johnson (1970), who demon- 
strated that when a passage was divided 
into linguistic units according to acceptable 
ausal locations, the ratings of those units 
according to their importance to the struc- 
. ture of the prose passage correlated highly 
- with their immediate and long-term recall. 
— Thus, if the theme of a passage acts as a 
-= mediator for recall, whether in the form of 
- visual imagery or verbal summary, the 
centrality of the linguistic units in the 
- passage to that theme is crucial in deter- 
mining recall of the details of the story. 

This experiment investigated the relative 
importance of both the 7 of a sentence and 
s centrality to the theme of a story in 
termining degree of recall of that sentence 
in both immediate and long-term recall. 

ith longer periods of retention, the story 
might be further reduced to S's organizing 
schema, and the importance of centrality 
to the theme therefore enhanced. 

Another area investigated was the way in 
which linguistic devices (in this case, the 
- use of definite articles) in the surface struc- 
- ture of sentences facilitate the connection 
of a series of propositions into a unified 
"theme in memory. Lesgold (1972) has 
suggested that shared reference promotes 
the connection of propositions in memory, 
resulting in propositions that are linked 
into a single higher level memory unit. He 
further suggested that, in order to be con- 
ig nected in memory, propositions must not 
only have items in common, but must have 
_ those communalities signaled in the surface 
Structure of the sentences. Lesgold showed 
that sentences in which pronominalization 
ignals common referents are recalled better 
and perceived as more unified than sen- 
E. tences which are factually the same, but in 
- Which pronouns are not used to integrate 
i the. Shared references. Other linguistic 
i devices that seem to facilitate the connec- 

tion of propositions in memory are tem- 

poral sequencing (Clark & Clark, 1968) and 
cause and effect relationship (Fillenbaum 

1971). Even conjunction improves recall 

by integrating propositions better than 

presentation of each proposition in a sep- 
arate sentence (Lesgold, 1972). 

Brown (1973) has pointed out that the 
definite article is used in connected dis- 
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course to signal shared referents. ( ce a 
referent has been introduced into a p «age 
of discourse by an indefinite referenc- it is 


then referred to with a definite ar: 
indicate that propositions are being 
about the same uniquely identifiab: 


ent. The difference between a story da 
set of unrelated sentences lies in the "d 

which a series of propositions are ted 
around a set of referents shared b: "se 
propositions. It was therefore hy) ihe- 
sized that use of definite articles in pi of 


indefinite articles in a set of sen 
would increase the number of Ss wh 
those sentences as a unified, thema 
connected story as opposed to a list 

related sentences, and would therefo: 
improve recall of the sentences. 


METHOD 
Subjects 


The Ss were 90 male and female undergr 
volunteers at Harvard University. 


1ate 


Material 
Two sets of the following 17 sentences were used 
in the experiment: 
The store contained a row of wooden cages. ` he 
man bought a dog. The child wanted ‘he 
animal. The father drove to his house, ^ he 


cottage stood near the park. The boy wa 
lighted with the gift. The twosome went ex- 
ploring along the path into the wood. The iaw 
prohibits killing the birds. The dog chase:i a 
hare down the hill. The boy shot at a canary 
with his catapult) The stone crashed through 
the window of the cottage. The bird flew away 
from the tree. An aunt was visiting with ihe 
family. The woman urged the mother to punish 
her son. The dog was lost for a week. ‘The 
whole neighborhood heard about the incident, 
The child was teased by his playmates. 


With the definite articles in them, these sentences 
formed a story, but when indefinite articles replaced 
all of the definite articles, the sentences appeared to 
be largely unrelated to each other. 


Procedure 


Sentence ratings, Fifteen Ss were given the story 
form of the sentences and asked to rate the degree of 
centrality of each sentence to the theme of the story 


* In the long-term recall condition, the word 
slingshot was used in place of catapult as the former 
is the more usual term in American-English usage. 


and the: .te I for each sentence. Another 12 Ss 
were g^ set of sentences containing indefinite 
articles ed to rate J for these sentences. 

The : 5d used to obtain ratings of centrality 
to the * was similar to that used by Johnson 
(1970) Ss were instructed to indicate those 5 
senten st central and those 5 sentences most 
periph the theme, i.e., sentences that would 
chang tory most or least if they were deleted. 
The / h sentence was evaluated on a 7-point 
scale \structions to each S were very similar 
to the i by Paivio, Yuille, and Madigan (1968) 
in ot . I for nouns. The Ss were asked to 
scale i of getting a visual image of the event (s) 
refer: by each sentence. 


Im ve recall. Thirty-three Ss were divided 
into oups; definite-immediate (DI) and in- 


defin: mediate (II), containing 20 and 13 Ss, 
respec Group DI heard a tape recording of 
the d c sentences (story set), and Group II 
heard ecording of the indefinite sentences (un- 
relate: ), In both cases, the sentences were pre- 
sentec sc, apart. After they had heard the list 
of sen: s once, Ss were asked to write down as 
much they could remember of what they had 
heard :der of recall was not stipulated. After 
they | recalled as much as they could of the 
senter Ss were asked to indicate whether they 
had r« ied the recorded sentences as a connected 
story « unrelated to each other. 

Loni ; recall, Another 30 Ss were divided into 
2 gro f equal size; definite-long term (DL) 
and i; ite-long term (IL). Groups of 1-5 Ss 
were t ‘ together. The Ss were each given a 
bookie ntaining 1 of the 2 sets of sentences, 1 


sentenc- oa page. They received 2 opportunities to 
read a::t memorize the sentences, with 3 sec/sen- 
c" each trial, Group DL Ss were given the 
definit ntences, and Group IL Ss, the indefinite 
sentences. Approximately 24 hr. after the presenta- 
tion of the material, Ss were asked to write down as 
much as they could recall of what they had read, 
with order of recall unstipulated. They were then 
asked to write down whether they had regarded the 
sentences as forming a connected story or as a set of 
unrelated sentences. 


Data Analysis 


A relative ranking of the centrality of each sen- 
tence to the theme of the story was obtained in terms 
of the number of Ss placing it in the 5 most cene 
sentences minus the number of Ss placing it in the 5 
most peripheral sentences. The mean I of each 
sentence was also calculated for both definite and 
indefinite sentences. 

The data from both immediate and long-term 
recall were scored in 3 different ways: (a) the num- 
ber of content words (nouns, verbs, and adje SY 
actually occurring in the presented SUEDE 
were correctly recalled, (b) the number WERL 
or words semantically equivalent to Sad 
in the passage (e.g., son or boy for child in the sen- 
tence “The child wanted the animal,” since they all 
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refer to the same boy in the story), that were sub: 
stituted in recall, and (c) the number of sentence: 
for which the meaningful content or gist was com- 
pletely recalled, e.g., “It is against the law to kill - 
the birds” for “The law prohibits killing the bir. s" 
would count as complete recall of the gist of that. 
sentence. 1 

For each group of Ss in the 2 recall conditions, th: 
degree of recall of each sentence was calculated, 
using 2 measures: (a) the number of Ss in the group. 
who attempted to recall that sentence, ie., who re- 
called any content words at all from the sentence; 
and (b) the percentage of content words or their 
semantic equivalents from each sentence that was 
recalled by each group, i.e., the accuracy of recall 
for each sentence. 

Spearman rank-order correlations were calculated 
among rated centrality of each sentence to the theme 
of the story, 7, and order of presentation, and be- 
tween each of these variables and relative degree of 
recall on both measures for each group of 5s. 


RESULTS 


The mean J of the sentences varied 
3.0-6.2 for the definite sentences and 
2.4-6.5 for the indefinite sentences. The 
Spearman rank-order correlation between .-— 
the 2 I orderings (definite vs. indefinite i 
sentences) was .83. For the set of definite 
sentences, near zero correlations (between 
— 47 and .07) were obtained among cen- J 
trality to the theme, J, and order of presen- 
tation. The passage is therefore ideal for 
assessing the relative importance of these 3 
variables in the recall of connected dis- 
course. For the indefinite sentences, the 
correlation of 7 and order of presentation — 
was .32. 

In both recall conditions, the use of — 
definite articles in the sentences facilitated 
their connection into a story in memory. 
Nine of the 20 Ss in Group DI indicated 
that they had recalled the sentences as à 
story (hereafter these 9 Ss are referred to 
as Group DI,), while no Ss from Group II 
thought that the sentences formed a story, — 
x (1) = 471, 2 < .05. In the DL group, - 
10 Ss thought that the sentences formed a — 
story (Group DL,), 3 thought that they 
formed a garbled story, and 2 thought they 
were unrelated to each other. In the IL 
group, 2 Ss thought that the sentences 
formed a story, 3 thought they formed a 
garbled story, and 10 Ss (Group ILa) 
thought that they were unrelated sentences, 
x (2) = 10.7, p < .01, 


TABLE 1 | 
MEAN Amount RECALLED IN EACH GROUP — 


pem dno 
Sd ent | sen- 
Group n recalled words tences 
ER ated called 
Definite-immediate 
Story 9| 29.9 6.7 6.8 
Nonstory 11 | 23.1 3.0 3.8 
— Indefinite-immediate 
Nonstory 13 | 21.3 3.6 3.5 
Definite-long term 
Story 10 | 20.3 7.0 4.1 
Garbled story 3| 153 1.3 1.3 
 Nonstory 2 Si: 0.5 0.0 
ndefinite-long term 
Story 2.| 14.5 4.0 2.0 
Garbled story 3| 11.3 2.7 1,3 
Nonstory 10 | 12.0 1.8 2.0 


The mean amount recalled on each of the 
measures of recall by Ss in the different 
= groups is shown in Table 1. Mann- 
hitney U tests for significance compared 
‘Ss from each group on each measure of 
recall. The Ss who recalled the definite 


rom the passage and made significantly 
more substitutions than Ss in the other 
groups in both immediate and long-term 
recall (p < .01 in all cases). Differences in 
ecall between Group DI, and Group II, 
S Were not significant on any of the mea- 
ures of recall. Therefore, definite refer- 
nce alone did not facilitate recall unless Ss 
ombined the sentences into a story. 

Two marked differences in recall between 
‘the Ss who recalled the sentences as a story 
and the other Ss are apparent when the 
‘material recalled is analyzed in detail. (a) 

he Ss who processed the sentences as a 
Story recalled them in almost the same 
order as they has been presented, i.e., in 
the story order, while Ss in the other 3 
- groups did not. In immediate recall, Ss 
- Who thought the sentences were unrelated 
generally recalled the last few sentences 

first. (b) In cases where the definite noun 
in a sentence referred back to an earlier 
referent, Ss who processed the sentences as 

a story often used the same noun for that 

referent in both sentences, Detailed anal- 
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ysis of the material recalled by Ss 


mediate recall demonstrates this ¢ inec- 
tion in memory of 2 or more propc. tions 
about a single referent. 

In the 2 sentences "The man bo. hta 
dog" and “The father drove to his h- ise, 
the man and the father refer to the sam: nan. 
In the corresponding indefinite sente- vs it 
is not clear that the nouns refer to © gle 


referent. On the 5 occasions when | 

the sentences were recalled by Ss in up 
DI, either the same noun or the rre- 
sponding pronoun was used for the n in 
the 2 sentences. No S in this group ised 
man in one sentence and father in the her, 
These 2 sentences were also far bet: > re- 
called by Ss who connected them in >m- 
ory by their shared referent. Bot! en- 
tences were recalled by 55.6% of th. in 
Group DI, but by only 18.2% of th: in 
Group DI,, and by none of the in 


Group la. Recall of the other sen: 
in which a shared referent is signaled | 
use of the definite article, although c 
ent nouns are used, e.g., a dog and the 


er- 
D 


mal, an aunt and the woman, showet the 
same pattern. 

Significant positive rank-order co: ola- 
tions were obtained between the rated en- 
trality of the sentences to the theme and 
both measures of degree of recall of «ach 
sentence for the DI, and DL, groups. ho 
values were .67, p < .005, with attemp's at 
recall;.16, p < .005, with accuracy of recall 


for Group DI,; and .52, p < .025, and .46, 
b < .05, respectively, with these measures 
for Group DL, Rated I and order of 
presentation of the sentences showed near 
zero correlations with both measures of 
recall for these 2 groups of Ss. 

On the other hand, the groups of Ss who 
did not recall the sentences as a story 
showed nonsignificant positive correlations 
between recall and centrality to the theme. 
Significant positive correlations were ob- 
tained between 7 and recall by Group ILa, 
1, p «.025, with attempts and .50, 
P < .025, with accuracy; and between I 
and attempts at recall by Group ll, 
44, p «.05. The correlations between 
Zand both measures of recall by Group DIn 
and between J and accuracy of recall by 


Group iust failed to reach significance. 
Howe: ^. correlations between J and recall 
in Gro Il, were depressed by sizable 
negat. correlations between order of 
presen!» tion and recall of sentences by this 
group c I and order of presentation of 
the ir ite sentences were positively cor- 
relate; With order of presentation par- 
tialec by using a Kendall partial rank 
corre’ 3, the correlations between 7 and 
reca! Group ll, increased to .62 for 
atte and .51 for accuracy of recall. 
The each sentence was therefore an 
imp t variable in the recall of those 
sento s by Ss who regarded them as un- 
rela: o each other. In addition, highly 
signi/"int negative correlations were ob- 
taino between order of presentation and 
reca, i.e., there was a strong recency effect 
for C; oup DIn (rho = — 62, $ < .005, for 
atten is and —.48, p < .05, for accuracy 
of re 1), If the effect of 7 was partialed 
out ;- partial rank correlations for Group 
IL, . ier of presentation correlated —.58 
with ..tempts and —.50 with accuracy of 
reca! this group. 
DISCUSSION 


esults of this experiment support all of 
cr studies showing that a thematically 

ected passage is better recalled than un- 
related sentences or words if it is recalled as a 
story. It was shown that when the presented 
material is processed as a list of unrelated 
sentences, 2 main factors determine the recall 
of the sentences. First, in immediate memory, 
the later sentences are better recalled than 
those presented earlier in the list. This recency 
effect has also been shown for immediate recall 
a F series of propositions (Russell & Sewell, 

2). i 


In contrast with the present experi- 
ment, Russell and Sewell also found a strong 
primacy effect, in that the first 2 sentences were 
better recalled than the middle sentences. 
However, they only presented an 8-sentence 
passage for recall, and it is possible that the 
far greater passage length in the present study 
could account for its failure to find any clear 
primacy effect. 

Second, in both immediate and long-term 
recall of unrelated sentences, those sentences 
with a high J were better recalled than those 
with a low I and there was a significant corre- 
lation between J and amount of recall of each 
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sentence. This finding adds to earlier stud’ 
showing that the rated I of nouns is an im. 
portant determinant in the recall of lists 
nouns and in paired-associate learning (Paivio, 
It also extends the finding of Anderso! 
and Hidde (1971), who showed that Ss who ha: 
rated the I of sentences were better at subse- 
quent prompted recall of elements of thos 
sentences than were Ss who had rated pro 
nounceability. The present experiment shows 
that, even without imagery instructions, th 
I of a sentence is important in determining 
recall of that sentence from a list of unrelated. 
sentences. $ 
When Ss processed the sentences as a CO! 
nected story, however, neither of the above 
variables was important in determining the 
recall of each sentence. For these Ss, the - 
sentences’ centrality to the theme of the story 
was highly correlated with both immediate ani 
long-term recall. This supports Johnson's 
(1970) results, although in the present experi- - 
ment, sentences as opposed to phrases were - 
considered as the units of the theme, since the 
material was presented in separate sentences 
and not as a paragraph. These results show. 
that the same variable, centrality to the story. 
theme, determines the recall of connected dis- 
course in both short- and long-term memory. 
However, contrary to the expected increase in 
the effects of this variable over longer retention 
intervals, higher correlations between cen- 
trality to the theme and recall were found in 
immediate recall. The explanation of this dis: 
crepancy is not immediately clear. : 
The results of this experiment suggest that 
if visual imagery is an important factor in 
mediating the recall of stories, it must take the — 
form of some overall setting of the story, as- 
Paivio (1971) has suggested. The I of the e 
individual sentences that comprised the story 
was not important in the recall of those sen 
tences in the story. This is somewhat at var 
iance with the results of the study by Morri: 
and Reid (1972), who found that the I foi 
nouns rated in the context of a story correlated - 
significantly with their subsequent recall. 
However, Morris and Reid specifically in- 
structed Ss to attempt to recall the nouns - 
alone and did not ask them to recall the story 
as such. Furthermore, they did not examine 
the centrality of the nouns to the theme of the 
story as well as their Zs, It is possible that 
these 2 variables were positively correlated in | 
their passage. E 
The detailed analysis of the recalled material, | 
as well as the differences between the groups in 


2 


f 


number of Ss regarding the sentence 
ming a story, indicates that of central im- 
rtance in the telling of a story is connection 
the memory of the listener or reader of a 
es of propositions around some set of shared 
eferents. These referents are either intro- 
ced by the writer or are already known by 
e reader from past experience. The shared 
'eferents in the propositions are indicated by 
surface-structure markers such as the definite 
article or pronominalization, and these signals 
eatly facilitate the connection of these prop- 

ons into a unified theme. In the present 
experiment, only those Ss who made clear use 
ol f these shared referents in their recall of the 


passage regarded it as a connected story. 
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SREE RECALL AS A FUNCTION OF TYPE OF 
EVOKING STIMULUS* 


WILMA A. WINNICK; FAE KOOPER, Ann JOYCE SPRAFKIN 
Queens College of the City University of New York 


Recall for words whose definitions were presented was contrasted, in Ex- 
periment I, with recall following presentations of pictures of the objects 
denoted by the words and of the words themselves. Highest recall scores 
were produced by the definitions in comparisons both across three groups 
given different materials and within a fourth group given the three kinds of 
The second experiment compared recall following presentation of 
the same definitions with recall for the same words in two other yerbal con- 
texts—sentences ending in these words and the same sentences in incom- 
plete form that required the word to be supplied. The superior recall found 
for both incomplete sentences and definitions appears due to a combination 
of imagery arousal and problem-solving activity. 


materials. 


Th: cuestion raised in the present study 
was well word responses activated by 
the p entation of definitions of the words 
woul: be recalled compared to word re- 
sponse evoked by the printed words them- 
selves. In the first experiment to be re- 
porte’ -omparison was not only with recall 
when : < words themselves were shown but 
also ; recall following exposure to the 
picture: of the objects to which the words 
referre Since several studies (e.g, Du- 
charm & Fraisse, 1965; Jenkins, Neale, & 
Deno, 1967; Paivio, Rogers, & Smythe, 


1968: Scott, 1967) have found recall for 
pictures to be superior to recall for corre- 
sponding words, this seemed a reasonable 
comparison, especially since the definitional 
materials seemed capable of arousing the 
imagery basic to the superior recall for pic- 
tures. In pursuit of some of the factors 
involved in definition-based recall, the sec- 
ond experiment carried out a similar com- 


1The second and third authors, who carried out 
all data collection and data analysis for Experiment 
I, served in this capacity as National Institutes of 
Health undergraduate research training students 
under Grant MH-OT2-7311-10 from the National 
Institute of Mental Health, U.S. Public Health 
Service. The first author, who is training director 
of this grant, takes full responsibility for the plan- 
ning of the experiments and the interpretation of 
results, 

2 Requests for reprints should be sent to Wilma 
A. Winnick, Department of Psychology, Queens 
College, City University of New York, Flushing, 
New York 11367. 


parison. 
to definitions were compared with recall for 


Recall scores following exposure E 


the same words evoked on learning trials by 


two other types of verbal contexts. 


EXPERIMENT I 
Method 


Subjects. Sixty undergraduate students at Queens 
College served as Ss: all participated on a volun- 
tary basis and were relatively naive as to verbal 


learning. They were assigned, in the order of < 


their appearance in the laboratory, to one of four 


groups, yielding 15 Ss/group. Group 1 was pre- — 


sented with 36 words; Group 2 was exposed to 
36 pictures of the objects referred to by the 
words; Group 3 Ss saw the definitions of the same 
36 words; and Group 4 received a mixed presenta- 
tion composed of 12 words, 12 pictures, and 12 
definitions. 

Stimulus materials. 
consisted of 36 words, 
definitions were obtained. 
half could be categorized into three sets. The 
appropriate category names were as follows: 
animals (BUTTERFLY, EAGLE, ELEPHANT, 
HORSE, and PARROT), foods (ASPARAGUS, MUSHROOM, 
PINEAPPLE, SANDWICH, STRAWBERRY, and TOMATO), 
and physical structures (BILLBOARD, 
GREENHOUSE, HOME, THEATER, and 


The experimental materials 
for which pictures and. 


PLANE, BASEBALL, BRACELET, CALENDAR, CAMERA, 
CIGARETTE, CLOCK, EYELASH, FAUCET, MOUNTAIN, 
MEDAL, PACKAGE, PARACHUTE, PRESIDENT, SCISSORS, 
SHOES, TELEVISION, and TYPEWRITER. 

The picture stimuli were obtained from popular 
magazines and were pasted on 3 X 5 in. cards. Of 
the 36 pictures used, half were in color (all 6 
food pictures, 3 animal pictures, and 9 of the non- 


FISH, |. 


BUILDING, - 
WINDMILL). — 
The remaining words were considered to lack any - 
obvious basis for categorization. These were AIR- — 


Of the words used, 


categorized stimuli) and half were black and white. ^ 
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-The definitions were modified from those found. 
1 Webster's International Dictionary. In general, 
they took the form of describing the object 
referred to and specifying its function: eg. for 
“CIGARETTE, the definition was “a thin tube of tobacco 
enclosed in paper designed for smoking." Both 
‘the words and the definitions were typed on 3 X 
5 in. cards, and these cards, as well as those with 

. the pictures, were laminated to preserve them. 
The materials for Group 1 were the 36 words; 
for Group 2, the 36 pictures; and for Group 3, 
the 36 definitions, The Ss in Group 4 were pre- 
ented with 12 words, 12 pictures and 12 defini- 
ons, In order to counterbalance the words across 
‘stimulus conditions, this group was subdivided 
into three subgroups, representing the different 
words in each of the three stimulus conditions 
definitions, pictures, and printed words). The 
sult was that each word was presented in each 
of the three different stimulus forms in the three 
bgroups. There was also, in Group 4, a counter- 
ancing of category terms across conditions, so 
that in each subgroup there were 2 words, 2 pic- 
s, and 2 definitions for each category. This 
unterbalancing produced three replications of 

the mixed-stimuli condition. 

_ Procedure. Five learning trials alternated with 
five recall trials. On learning trials, the cards 
were exposed by hand as S's pronounced the desig- 
nated word aloud. Thus, on each learning trial, 
___ Ss’ responses (pronouncing the words aloud) were 
the same for all groups, although the materials 


Mean Number Correct 


shown differed. Random ordering of i 1s was 
used for the learning trials. On recall ‘<als, Ss 


were instructed to attempt recall of the ^ ds in 
any order, while E recorded the order of i. »onses, 
A total of 180 sec. was allowed for ii- recall, 
For Group 4, instructions also warned at the 
stimulus materials to be presented wo: be of 
three types and that word responses were quired 
for all stimuli. 

Rate of presentation, Differences in the terials 
presented and in the latencies of word onses 
to these materials rendered futile any : pt to 
equate presentation rates in the fou oups. 
Furthermore, a study by Paivio and Csa: 1969) 
suggests that there is no rate that wou ot be 
advantageous for one type of materia! the 
expense of the others. They found wo to be 
favored by a fast rate and pictures by slow 
rate, 

Hence, a self-paced procedure was used, here- 
by materials were shown until correct onses 
were forthcoming. Since the words r: 'd to 
common objects, the responses to the pi and 
to the definitions were made readily, < there 
were no instances of failure to respond. self- 
pacing made the total time for learni trials 
shortest for the words and longest for th: ^efini- 
tions, with these discrepancies greatest on first 
Presentation but decreasing on successive rials. 
At the same time, self-pacing seemed to ^ quite 
natural and apparently provided a high Ic el of 


motivation and interest for all of the m. ‘rials. 


detinitions 
pictures 


mixed 


definitions 
pictures 
words 


Trials 
Figure. 1. Mean number of wor 


for each of the four 


for the three kind: SUD 


s of materials i 


ds recalled on the five recall trials 


per portion) and mean recall scores 
n Group 4 (lower portion), 


BI 


FREE RECA! 


Results 


The re-i scores achieved by the four 
groups « own graphically in Figure 1 for 
the five 15 trials. The consistent supe- 
riority o group presented with defini- 
tions is ty evident, as is the consistently 
poor p nance of Group 3, which was 
shown | rinted words themselves. 

Diffe: s among the groups shown dif- 
ferent 1 ials were evaluated in a “mixed” 
anlysis iriance which tested for the sig- 
nifican £ the effects of the evoking stim- 
ulus, t of practice, and the interaction. 
This a: sis found significance in the type 
of stim F (2,41) = 1326, p < .01, and 
the efi i trials, F (4, 167) = 10127, p 
< Oi, it no significance in the Stimulus 
x Tri interaction, Follow-up f tests 
compa‘! pairs of means and found defini- 
tions « -erior to pictures, t (28) = 4.08, 
and to -ords, t (28) = 20.7; and pictures 
superio“ to words, t (28) = 724, p « Ol 
in all c^ 2s. 

Lear og trials for Ss in Group 4 pre- 
sented -xed materials composed of defini- 
tions, rores, and words and thereby repli- 
cated, 4 “within-Ss” arrangement, the 
tasks given separately to the other three 
groups. The performance of Group 4, 
analyze’ separately for type of material, is 


shown in the lower portion of Figure i5 
where it can be seen that, as was true in the 
comparison across groups, recall based on 
definitions was consistently superior to recall 
following presentation of the pictures or the 
words themselves. Recall based on the 
words, initially very poor, gained advantage 
compared to pictures, but remained well 
below recall for definitions across the five 
trials of recall. 

The mixed analysis of variance, carried 
out separately for the data of Group 4, found 
significance in trials, F (4, 48) — 34.65, P 
< .01, and in stimulus type, F (2,24) — 
98, p < Ol. Although the graphed data 
indicate slight differences across trials for 
the three kinds of stimuli, the Stimulus X 
Trials interaction was not significant, nor 
were the three replications carried out to 
counterbalance words across evoking stimuli. 
Follow-up £ tests comparing pairs of means 
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found definitional recall superior to pictures, ^ 
t (14) = 4.66, and to words, t (14) = 
10.51, and pictures superior to words, f (14). 
= 5.89, p < .01 in all cases. 


Discussion 


The important outcome of the present experi- 
ment—the superior recall of words whose 
definitions were presented on learning trials— 


occurred in the face of an obvious advantage E 


of the picture stimuli over both the words and 
definitions. The pictures used, composed as 
they were of half black-and-white and half 
color photographs and selected from popular 
magazines, had the resultant advantage of con- E 
siderable vividness and variety, stimulus 
attributes not shared by the verbal materials. 
Such being the case, the superiority of picture 
stimuli over words is hardly surprising. That 
the definitional materials produced recall scores 
superior to these picture stimuli indicates the 
strength of the effect obtained. 

"There seem to be two possible bases for the 
superior recall activated by the definitional 
materiale, First is the definition's potential 
for imagery arousal That imagery may medi- 
ate between presentation of a definition and 
retrieval of the appropriate word is indicated 
in a recent study by May and Clayton (1973). 
They report that, presented with definitions 
of distinctive but uncommon words, Ss often 
recalled the visual appearance of an object 
prior to recall of the name of the object. 
Though the definitions used in the present 
study were of more readily available words, 
there exists the strong possibility of such 
image arousal, 

A. second possible explanation might stem 
from the problem solving generated by the 
definitions. The cognitive activity involved in 
the search for the required word might provide 
input more helpful to later recall than is the 
case for the words or pictures. Such an effect 
may be similar to à finding by Baddeley (1963) 
that recall for words whose anagrams were 
shown was better when the anagrams were not 
solved by S than for the solved ones. Baddeley 
did not compare anagram-based recall with 
recall when the words themselves were shown, 
but it is possible that recall for words whose — 
anagrams were solved may in turn be superior 
to recall where words themselves had been 
shown on learning trials. Although Baddeley 
proffers an explanation in terms of the goal 
tensions of the Zeigarnik effect, the results 
could also be described as a persistence of the 
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problem-solving activity and might be present 
to some extent even when the correct solution 
is achieved, 


Experiment II 


The second experiment of this study 
attempted to assess the contribution of prob- 
lem solving to the superior recall of words 
whose definitions were presented on learning 
trials. This experiment compared recall 
following three kinds of verbal contexts 
similar enough in length that a constant rate 
of presentation could be used, thereby avoid- 
ing the potential confounding present in the 
- first experiment.  Definitional materials 
.. were again presented, but here, recall follow- 
ing these verbal materials was contrasted 
with recall following the presentation of two 
ther kinds of verbal contexts. These were 
- Sentences that ended in the word to be re- 

called and the identical sentences in incom- 
| plete form with the word to be recalled 
- — supplied by S. 

It was reasoned that sentences ending in 

the word to be recalled require no problem 
_ solving, but should activate as much imagery 
~ as either the incomplete sentences or the 
definitions, Both the sentences to be com- 
. pleted and the definitions were considered 
to involve verbal materials similar to the 
complete sentences and to entail problem 
solving as well. To the extent that the 
- definitions and the incomplete sentences 
— yield better recall scores than complete 
Sentences, it would seem to be the problem- 


solving activity that was the basis for 
superior recall, 


Method 


Materials, Recall was tested for the same 36 
words used in Experiment I, and the same defini- 
tions of these words were employed, In addition, 
for each of the 36 words, a sentence was devised 
ending in the word to be recalled. Thus, the 
materials used were 36 definitions, 36 complete 
sentences ending in the word, and 36 identical 
sentences with the final words missing and replaced 
by a line. These materials were typed and ar- 
ranged for group Presentation into three sets of 
booklets such that each booklet had 12 definitions 
12 complete sentences, and 12 incomplete sentences, 
and specific words were Presented equally often 
in the three contexts. This counterbalancing pro- 
duced three replications of the experimental 
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procedure and prevented confounding the con- 


text effects by specific words. 


Procedure. There were two group p: atations, 
using two different word orders in the i — sessions, 
For each presentation, the three subgr: had the 
same order of words to be recalled, but context 
materials differed. : 

The instructions, printed on the boc i's cover 
and read to the group by E, indica that the 
verbal materials were to be read, appro- 
priate word to be written by S on ea age, and 
that recall for all of the words wou tested. - 
Instructions also indicated that if the written 
in response to a definition or incomp entence 
proved wrong, the correct word was 1 written 
when read by E. Thus, a written ri se Was 
made for each of the 36 words. | 

The exposure duration was 30 sc r each 
word. At the end of this interval, / | aloud 
the correct word and directed the gi to turn 
to the next page. 

The test of recall followed 5 min, presen- 
tation of the last item. Three n: were 
allowed for free recall, for which ~ e in- 
structed to write down the words re: in the 
order that they were recalled. 

Subjects. Serving as Ss were 36 un raduate 
experimental psychology students: no: ad had 
previous free-recall experience, and ali e naive 
as to the hypothesis being tested. Of ese, 12 
were randomly placed in each of the thr: eplica- 
tion groups. 

Results 

Mean recall scores for the words p -sented 
in the three kinds of contexts are s wn in 
Table 1 for the three replications Out- 
standing in these data is the super: rity of 


word recall when incomplete sentences, as 
well as definitions, were presented on the 
learning trial, Relevant to this finding is 
the error rate on the learning triai; lor 36 
Ss, there were only four incorrect responses, 
three for sentences and one for definitions. 
A mixed analysis of variance undertaken 
to evaluate these recall scores found signifi- 


TABLE 1 


MEAN RECALL Scores FoR Womps PRE 
THE THREE CONTEXTS FOR THE THR 
CATION GROUPS 


Replication Complete Incomplete 


group sentences sentences Definitions 
1 5.25 8.08 746 
2 4.83 7.15 6.91 
3 5.25 7.58 6.15 
M 5.11 7.80 6.94 


cance in | > effect of context, F (2, 66) = 
13.6, p < Oi. No significance was found 
Lin the ef i replications or the interaction. 
- Follow-t- : tests found both incomplete sen- 
tences ac- «finitions to yield superior recall 
to comp sentences: ts (35) = 5.08 and 
345, re: tively, ps < 01. However, re- 


call sco r incomplete sentences were not 
signific: greater than for definitions. 
Discus 

The ; of the second experiment strongly 
indicat t where problem solving is required 
to prod ihe word to be recalled, recall will 
be sup: to recall following exposure to the 
word in context needing no problem solving. 

Visu iagery is by no means ruled out as 
an infi ial variable, Bearing on this con- 
clusion the contrast between recall after 
complet: sentences and after incomplete sen- 
tences. suming that the completed sentences 
were re- by S in accordance with the instruc- 
tions, t. .. provided the same basis for imagery 
as did t} incomplete sentences. It may well be 
that the 1 to supply the terminal word forced 
visual in: very (as part of the problem solving) 
on S, v the complete sentences had no such 
strong ei: <t. Such visual imagery may have 
preceded ord solution in the same way as 
imagery often preceded solutions of definitions 
in the study by May and Clayton (1973). 

Also :-ievant to the role of imagery is the 
small but not significant superiority of recall 
scores based on incomplete sentences compared 
to definitionally based recall. Although defini- 
tions may activate imagery of the object 


_ referred to by the word, the greater effective- 
ness of the incomplete sentences may stem from 
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imagery that involves the referent in a meani 
ful context. The incomplete sentences required — 
that S scrutinize the context in order to suppl 
the word. This might involve a richer fori 
of imagery of the object in relationship to other 
concrete objects. : 

Undetermined by the present study is 
whether problem solving without imagery (if 
the two can be separated) would produce 
superior recall. Certainly, when added to the 
imagery aroused by definitions or incomplete 
sentences, it has a facilitative effect on sub- | 
sequent recall. 
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The present study investigated the effects of varying frequency of feedback 
information on learning to accelerate and decelerate heart rate. In the first 
of two experiments, three feedback frequencies were assessed: information 
after every heart beat, every 5 beats, and every 10 beats. All feedback 
groups were compared with a tracking task control group. Results indi- 
cated that for speeding sessions, the feedback groups generated faster rates 
than the tracking group. In addition, there was a significant linear trend 
across feedback group performance, with Ss receiving continuous feedback 


back groups performed better than 
general feedback effect. 


not finely tuned to information inpu 
speeding results, again demonstratin 


Recent evidence demonstrates that human 
_ Ss can learn to change their heart rates when 
provided with exteroceptive feedback. In 
much of the initial research, Ss received 
feedback only about the direction of change 
relative to a preset criterion heart rate 
(Brener, Kleinman, & Goesling, 1969; Engel 
& Hansen, 1966; Shapiro, Tursky, & 
Schwartz, 1970). This binary feedback 
procedure was patterned after the operant 
methods employed in animal research by 
Miller and colleagues in studies of visceral 
learning (Miller, 1969). Learned control 
was conceptualized as the instrumental con- 
ditioning of a simple reflexive behavior. 
However, unlike the dramatic increases and 


1 This article is based on a dissertation submitted 
to the Department of Psychology of the University 
of Wisconsin—Madison in partial fulfillment of 
the requirements for the PhD, degree. Apprecia- 
tion is expressed to Peter J. Lang for his valuable 


(every beat) showing the fastest rates. 


However, there were no significant trends across 
feedback groups, suggesting that, unlike speeding, 


tematically with frequency of information feedback, 


During slowing sessions, the feed- 
tracking controls, again supporting a 


slowing performance is 
it. A second experiment replicated the 
ig that success at this task varies sys- 


decreases in heart rhythm found i- animal 


research, only modest changes in : were 
reported in these studies. 

There are data indicating that th: binary 
feedback used in the above studies o' human 
Ss may have restricted performan For 
example, Lang and Twentyman (is press) 
compared the heart rate control performance 
of a group of Ss receiving simple binary 
feedback to that of a group receiving 
analogue feedback, The latter type of feed- 
back provided information about m: nitude, 


as well as direction of rate change. It was 
found that the analogue group learned to 
increase heart rate significantly more than 
the binary group. Other investigators have 
also used analogue feedback (see Blanchard 
& Young, 1973) in training Ss to change 
heart rhythm. They have reported much 
greater heart rate acceleration than was 
previously evidenced in studies using operant 
techniques with the accompanying binaty 
feedback. 

Motor skills learning research also demon- 
Strates that providing analogue response- 
modulated feedback greatly facilitates the 
learning of tasks relative to simply providing 
binary information (Bilodeau & Bilodeau, 
1969). Indeed, in agreement with Lang 
(1974), it is the contention of the present 
author that learned control of heart rate 
change is best conceptualized as a complex 
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© skills lear: >> task rather than the operant 


conditi f a simple reflexive behavior. 
T With th ewpoint, parameters important 
"dn humar ° ‘lls learning are assumed rele- 
j vant to ©. loping self control of cardiac 
- rhythm : ;aximizing the learning process. 
T One su nportant parameter shown to 
- significa fect motor skills performance 
> is frequ of response-modulated feedback 
(Bilode Bilodeau, 1958). The effect 
of this ble on learned control of heart 
tate cl as investigated in the present 
) experin 
The ! experiment assessed the heart 
rate spc: ing and slowing performance of 
groups civing different frequencies of 
7 feedbac!; either information after every 
beat, o: »immary information every 5 or 
every |^ beats. The 1-beat unit is con- 
tinuous cdback and is the same frequency 
used i: the earlier analogue heart rate 
feedbac! studies. The 5-beat accumulation 
approxi-..tes the length of a respiratory 
- cycle. ing the feedback unit to this 
3 physioic;-»| rhythm might be expected to 
facilitate control learning, since Sroufe 
(1971) bas shown that respiration can 
- mediate cardiac changes. The 10-beat unit 
exceeds ‘he rate of occurrence of cardio- 
vascular and related events. It represents 
a gross summary of performance. 


The effects of feedback frequency on trans- 
fer of training to nonfeedback conditions 
were also evaluated. Because feedback was 
presented via a visual display, a tracking 
task group was included in this study to 
contro! for display monitoring influences on 
heart rate. The tracking display was gen- 
erated by a computer rather than S’s heart, 
and a small motor response was called for 
rather than heart rate change. The second 
experiment was prompted by the results of 
the first and served as a cross-validation of 
the heart rate speeding results. In both 
experiments, the relationship of respiration 
rate and variability to learned control was 
also assessed. e 


EXPERIMENT I 


Method 


Subjects. The sample consisted of 40 male 
Undergraduate volunteers from the introductory 
Psychology S pool at the University of Wisconsin 
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—Madison. The Ss received points to be applied 
to their course grades for participation in this 
experiment. 

Apparatus. Heart rate and respiration rate were 
recorded on a Beckman dynograph. The respira- is 
tion transducer consisted of two 3-in.-long mercury 
strain gauges wired in parallel and taped to the 
chest and abdomen. Heart rate was recorded 
through Beckman silver-silver chloride electrodes, 
attached over the anterolateral lower ribs. An 
oscilloscope was set so that the r wave of each 
EKG cycle interrupted a Digital Equipment Co. 
PDP-12 computer, permitting the measurement 
of each interpulse interval to the nearest .004 sec. 
A Schmitt trigger, connected to the voltage out- 
put of the dynograph's respiration channel, also 
interrupted the computer, measuring respiration 
cycle length in .10-sec. units. The Schmitt trigger 
was set midway between the average inspiratory 
peak and expiratory valley, and signaled the 
computer at the completion of each respiration 
cycle. 

The timing of the experiment, presentation of 
instructions and feedback, and data acquisition and 
primary data reduction were all accomplished in 
real time by the PDP-12. The computer and 
physiological recording equipment were housed in 
a room adjacent to 5's cubicle. 'The S's room was 
sound shielded and illuminated by a low-intensity 
lamp. The S sat in a semireclined chair, facing 
a DEC VR-12 oscilloscope. The scope was con- 
trolled by the PDP-12, and the computer presented 
instructions (in alphanumeric form) and feedback 
displays on the scope face. 

Heart rate display. With cach of the feedback 
presentation rates, analogue information about the 
length of r-r intervals was visually presented in 
the form of a line sweeping horizontally across 
the scope from left to right. The line was initiated 
by an r wave, and was terminated by a. specified 
succeeding wave, At termination, a vertical marker 
was briefly illuminated, and within microseconds 
a new line started across the screen. There was a 
different line sweep speed associated with each of 
the feedback rates. This kept the display the same 
in physical size across groups. The display also 
contained a fixed vertical line, running from top 
to bottom of the screen, which served as S’s target 
and which appeared continuously on the screen 
during feedback. If S was requested to speed 
his heart rate, his task was to terminate the — 
horizontal line before it crossed the target. If his - 
task was slowing, the horizontal line had to extend 
past the target for a success to be recorded. The 
word good was illuminated on the screen for cach 
success at line sweep. termination. An illustration 
of the display can be found in Lang (1974). 

The target line was initially set at S’s median 
r-r interval, established during a 1-min. period, 
at which time S was asked to perform the desired 
task (speeding or slowing) without feedback. The 
target could be altered subsequently, depending on . 
S performance, by a “rule of halves" schedule. 


This shaping schedule worked in the following 
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manner: If, during a feedback trial, two-thirds of 

- all interpulse intervals fell successfully within the 
target area, a new target line was set for the next 
feedback trial. It was set midway between S's 
previous median and his current median, A sim- 
ilar adjustment to a less difficult target was 
made for Ss who showed poor performance on a 
trial (one-third or less of all interpulse intervals 
falling within the target area). 

Tracking display, This was also a moving line 
display. However, the sweeping line was gen- 
erated by the computer rather than S’s heart. The 
S's task was to monitor the lines and press a 


TABLE 1 


STANDARD FORMAT ACROSS EXPERIMENTAL SESSIONS 
AND TASKS ASSOCIATED WITH 
, Eacn Time PHASE 


Session 

Time phase 
Heart rate control Tracking 

1. 3 min. | Initial baseline Initial baseline 

Y period period 

2. 1 min. | Try period Time estimation 
For the next few period | 
minutes try to Time estimation 
increase — (de- — Please press 
crease) your the button every 
heart rate as len seconds. 

: much as possible. 

3. 3 min. | Feedback period | Tracking period 
The feedback dis- The visual dis- 
play will now be | — play will now be 
presented to help | presented. Press 
increase (de- the button each 
crease) your time the moving 
heart rate. line falls short 

of (exceeds) the 
A target. 

4. 1min. | Transfer period Time estimation 

For this period period 


continue to in- Time estimation 
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5, 1 min. 


6. 3min. 


crease (de- 
crease) your 
heart raie as 
much as possible. 
Time-out period 
Stop working on 
the heart rate 
lask but con- 
tinue to sit 
quietly. You will 
receive further 
instructions 
„Shortly. 

Final baseline 
period 
Instructions same 
as time-out, 


period above. 


—Please press 
the button every 
ten seconds. 


Time-out period 
Stop working for 
awhile but con- 
tinue to sit 
quietly. You will 
receive further 
instructions 
shortly. 


Final baseline 
period 
Instructions same 
as time-out 
period above. 


rior to the final baseli; i i 
per ve ae disse EA on The feedback and tracking 


microswitch whenever the line termic -d on a 
designated side of the display target The 
target was positioned in the center of > screen, 
The word good was illuminated on t! reen if 
S’s button press occurred within 400 m- of iva 


termination, 


Experimental design, The Ss were domly 
assigned to one of the following four e ental 
groups: (a) l-beat feedback group, which ceived. 
information about the length of each r-r > rval| 
as it occurred; (b) 5-beat feedback grov «hichi 
received information about the length of t of 
5 successive r-r intervals; (c) 10-bea: yack 
group, which received information about ic : ngth 
of a unit of ten successive r-r intervals: «< (d) 
tracking group, which performed the traci ask 
on computer generated line sweeps. T) eep. 
speed for the tracking task was identica t of? 
the 1-beat feedback group. 

Each S came to the laboratory for six sep: rate 
one-hr. sessions. The initial two sessions all 


Ss were tracking task sessions: one session in 


which the microswitch was to be p very) 
time the computer-simulated line sweep ter ed 
to the left of the target line (track-left), < sne. 


mi 


session of microswitch pressing at right terni 
of the line (track-right). The two types of : 
ing task sessions were counterbalanced to 
of presentation within each experimenta! 
These two sessions were for habituation pur 
designed to accustom .$ to the labo: 
physiological recording. ‘The tracking 
also continued tracking during the subse: 


roup. Ss 
nt uil 


sessions. Each successive block of tw: msi 
consisted of one track-left and one tsck-right| 
session, with order randomly determined, The 
other groups were administered two heart rate 
speeding and two slowing sessions, with order 


randomly determined in session blocks of two. 

All sessions followed a standard format that 
allowed comparisons across groups a i 
This general format and the tasks asso 
each time phase of a session are presented in 
Table 1. 

Procedure. All Ss were interviewed individually 
during which time the broad purpose of the experi- 
ment was described. They were also questioned 
regarding any history of cardiac disorde medi- 
cation, and drug usage. The Ss who were accept- 
able and willing to participate in the experiment 
were assigned to one of the experimental groups: 
The six sessions were conducted over the course 
of two wk. The time of day was kept constant for 
each S, and times of -day were balanced between 
groups. For each session, S.was seated in a com- 
fortable chair and electrodes and strain gauges 
were applied, after which E left the room to adjust 
the polygraph and computer analogue inputs in an 
adjacent room. The E then returned to demon- 
strate the display and read a standard set of 
instructions according to session task and experi- 
mental group assignment. Experimental control 
was then turned over to the PDP-12. 


ted with 


5 
2. 
S 
E 

——— o 


RR 

Data col a and reduction. Data summaries 

"were prints’ om the teletype after each experi- 
“mental sessi that a running check could be 
kept on th: operation of the system. However, 
the data * 1a] analysis were stored on digital 
‘tape. Th :sisted of distributions of interpulse 
"intervals ration cycle lengths for each 
cell of t imental session (initial base, try 
period, f dback, transfer, etc.). These data 
were lat: sdited on the PDP-12 to eliminate any 
‘artifact ioned by the collection system, and 
then re on a Univac 1108 computer to cell 
median x! interquartile ranges. These statistics 
Were sci i in preference to the mean and stan- 
‘dard d : because they are less influenced by 
the ap uce of a few extreme scores and thus 
better : ent tonic trends. 

In t! jority of subsequent statistical analyses, 
the phy 1 performance measures were trans- 
formed »°forehand into change scores, calculated 

‘for eac' ‘rial of a session. Change scores were 
compute: for heart rate by subtracting the median 
rer int ! length of the initial rest period from 
the medi.» interval length of each subsequent trial. 
These ge scores were made positive if they 
'Occurre : the correct direction (e.g. a decrease 
in r-r erval length from the initial rest for 
speeding *ssions), and negative if they occurred 
in the « site direction, In the tracking task, a 


rease during track-left sessions and a 
ite decrease during track-right sessions were 
ositive scores. Change scores were 
:ted for the respiration rate, respi- 
length variability, and heart rate 
4easures, For the latter two variabil- 
^s, an increase in trial variability relative 
the initial rest variability was considered a 
Ositivc score, regardless of the experimental task. 
ariability measures were scored in this 
so as to parallel heart rate change scoring. 
allowed identical statistical analyses to be 
erformed on all physiological measures. 


esults 


Heart rate speeding sessions. Analysis 
Of variance indicated no significant initial 
heart rate resting level differences between 
groups for the speeding sessions. 

Mean group feedback trial heart rates for 
the first speeding session are presented in 
Figure 1. They are represented as feedback 
trial changes from the. initial rest period. 
The superiority of the 1-beat group is 
apparent. The effect is somewhat enhanced 
in Session 2, with all feedback groups per- 
forming better than the tracking group 
(Figure 2). Analyses of variance confirmed 
these findings. The feedback change scores 
yielded a significant main group effect, 
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Ficure 1. Changes in average median interpulse 
interval length over feedback trials for the track- 
ing group and three feedback groups—Speeding 
Session 1. 


BASE 1 


F (3, 36) = 3.69, p < .025. Based on 
results of previous investigations, a planned 
contrast of group change score means was 
performed between the tracking control 
group and the three combined heart rate 
feedback groups. This contrast was signifi- 
cant, F (1, 36) = 5.99, p < .025, indicating 
that information feedback produces speeding 
performance superior to that of tracking 
controls. 

Another analysis of variance, without the 
tracking group included, was conducted to 
statistically validate the observable differ- 
ences between the three feedback groups. 
A test for trend over the group change score 
means indicated a significant linear com- 
ponent, F (1, 27) = 4.53, p < .05. This 
trend accounts for nearly 98% of the group 
variance and indicates that higher rates of 
feedback produce greater speeding perform- 
ance, The overall analysis also indicated a 
significant sessions effect, F (1, 27) = 6.18, 
p < .025, demonstrating that learning took 
place across sessions for all groups. 

These performance differences were also 
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Ficure 2. Changes in average median interptilse 
interval length over feedback trials for the track- 


- ing group and three feedback groups—Speeding 
-— Session 2, 


present when Ss were instructed to continue 
heart rate speeding in the absence of further 
feedback (transfer trials). Transfer trial 


_ change scores across sessions are shown in 


Figure 3. Analysis of variance indicated a 
‘Significant main group effect, F (3, 36) = 
3.31, p < .05, with feedback Ss again being 
Superior to tracking controls, F (1, 36) = 
5.17, p < .05, Analysis of the three feed- 
back groups indicated a near-significant 
linear trend across group change score 
means, F (1, 27) = 3.69, P «€ .10. The 
Session effect was again significant, F (1, 
27) = 547, p < 025, indicating improve- 
ment over sessions in transfer performance 
by all feedback groups. : 
An analysis of variance was performed to 
test whether the three feedback groups did 
better during the feedback trials or during 
the nonfeedback transfer trials. Results 


indicated that greater speeding performance 
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was present during the feedha.’ 
F (1, 27) = 8.11, p < .01. 

An analysis of respiration rz: 
feedback and transfer trials revea 
ferences between tracking and 
feedback groups or among the t 
vidual feedback frequencies. Va: 


trials, 


luring 
'o dif- 
ibined 

indi- 
ity in 


respiration cycle length, however, : znifi- 
cantly greater for combined hear: feed- 
back groups relative to the trachi oup, 
F (1, 36) = 6.56, p < .025. Ti : no 


trend across the feedback group c! 
means. Analysis of transfer tri: 
no major significant results. 

Heart rate slowing sessions, 
variance indicated no significant i 
rate resting level differences betw 
for the slowing sessions. 

Mean feedback trial change sc 
slowing sessions are shown in 
Analysis of variance yielded a 
main group effect, F (3, 36) = 
.025. Similar to the speeding tasi 
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Ficure 3, Changes in average median interpulse 
interval length over transfer trials for the track- 
ing group and three feedback groups—Speeding 
Sessions 1 and 2 combined. 
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Ficu: Changes in average median interpulse 
interval th over feedback trials for the track- 
ing gr and three feedback groups—Slowing 
Session ad 2 combined, 
resulted ^» performance superior to that of 
tracking controls, F (1, 36) = 8.67, p < 
01. Ue the speeding task, analysis of 
the fee ack groups indicated no significant 
trend ac;oss group means. Thus, as Figure 
4 suggests, there are no differences in per- 


between feedback groups. There 
ificant trials effect, F (4, 108) = 
14.65, p < .001, suggesting a tendency to 
improve within a session; however, no sig- 
nificant improvement was found over 
sessions. 

Transfer trial change scores across -S€S- 
sions are shown in Figure 5. Analysis of 
variance indicated that, unlike the speeding 
task, the feedback-trained Ss are not differ- 
ent from tracking controls during transfer 
trials (no significant group or group contrast 
effects). Analysis of the feedback-trained 
groups indicated no trends across group 
means. Again, there was a significant trials 
effect, F (4, 108) = 9.33, p < .001, but no 
Sessions effect. 

Analysis of heart rate variability indicated 
a group effect, F (3, 36) = 379, $ < 05, 
With the combined feedback groups showing 
more increase in variability than tracking 
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controls, F (1, 36) = 839, p < Ol. There — 


was no trend across the feedback group 
change score means. No effects were pres- 
ent when the transfer trial change scores 
were analyzed. | 

Analysis of respiration rate indicated a 
significant group effect, F (3, 36) — 3.64, 
p € 025. Moreover, the difference between 
tracking and combined feedback groups was 
also significant, F (1, 36) = 9.89, p < .005. 
No trends across feedback group change. 
score means were present. When transfer 
trial change scores were analyzed, there was 
again a significant group effect, F (3, 36) 
= 3.56, p < .025, and a significant difference 
between tracking and combined feedback 
groups, F (1, 36) = 9.17, p < .01. Also, 
similar to the speeding sessions, analysis of 
variance indicated that respiration cycle 
variability was greater for the combined 
feedback groups compared to tracking Ss, 
F (1, 36) = 4.75, p < .05. There was no 
trend across feedback group change score 
means. Analysis of transfer trials yielded no 
significant results. 
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Ficure 5. Changes in average median interpulse 
interval length over transfer trials for the track- 
ing group and three feedback groups—Slowing 
Sessions 1 and 2 combined. 
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EXPERIMENT II 


In Experiment I, all Ss performed the 
tracking task during Sessions 1 and 2. The 
moving line display for the tracking task 

had the same sweep speed as the 1-beat 
feedback display. One can argue that this 

may have given the 1-beat feedback group 
_ an added advantage. They were familiar 
with the sweep of the moving line, and unlike 
the 5-beat and 10-beat Ss, they did not have 
to make the transition to a new display when 
heart rate training began. The present 
experiment was designed to control for this 

Possible confounding, as well-as to replicate 

the findings for speeding performance, 


- Method 


-. Subjects. This sample consisted of 32 male 
‘undergraduate volunteers from the introductory 
psychology S pool at the University of Wisconsin 
— Madison. 

Apparatus and displays. The apparatus and 
heart rate and tracking displays were identical to 
hose used in the previous experiment. 

Experimental design and procedure. Half of 
the $ sample received a tracking task similar to 
that of Experiment I (I-TR). The other half 
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Ficure 6. Changes in average me 
interval length over feedback trial 
tracking (TR)-feedback (BEAT) 
Sessions 1 and 2 combined, 


dian interpulse 
5, for the four 
groups—Speeding 
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- ing display, is readily apparent. Ti 


received a tracking task with line sv = char- 
acteristics of the 5-beat display (5-TR^. Half of 
each group was then trained to speed art rate 
on a l-beat feedback display; the othe: alf was 
trained on a 5-beat feedback display. vielded 
four experimental cells, with eight 5 r cell, 
Each S came to the laboratory for fo: parate 
l-hr sessions. The initial two sessi 


or all 
Ss were tracking task sessions, A) then 
received two heart rate speeding sess The 
procedure was identical to that of Ex nt T. 
Data collection and reduction. Data col- 
lected and processed in the same manne: peri- 
ment I, and identical statistical an: were 
performed. 
Results 
Heart rate speeding sessions. lysis 
of variance indicated no significai: ‘vitial 
heart rate resting level differences veen 
groups. 
Mean group feedback trial he: ates 


across sessions are presented in | e 6. 
The superiority of the 1-beat ack 
groups, regardless of previous type ack- 
was 


a significant feedback type effect (1-! at vs. 
S-beat), F (1, 28) = 5.99, P < .0°). and 
no significant tracking type (1-TR =s. 5- 
TR) or interaction effects. There w : also 
a significant sessions effect, F (1, 23) = 
19.27, p < .01, indicating an improv. ment 


in performance over sessions. 

Transfer trial change scores across ses- 
sions are shown in Figure 7. Again, dif- 
ferences between the two feedback groups 
are apparent. However, analysis of variance 
indicated only a near-significant feedback 
type effect, F (1, 28) = 297, p < 10. 
There was, however, a highly significant 
sessions effect, F (1, 28) = 19.32, p < .01. 

As in Experiment I, analysis indicated 
that greater speeding performance was pres- 
ent during feedback trials than during 
transfer trials, F (1, 28) = 1925, p < .01. 

Table 2 summarizes the heart rate per- 
formance findings of Experiments I and II. 
Average heart rate changes, in beats per 
minute, are presented for feedback and 
transfer periods, 

Correlative relationships (Experiments I 
and II). In both experiments, the relation- 
Ship of heart rate control performance to 
various physiological response measures was 
analyzed. For the speeding data, rı refers 
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7 Ficu Changes in average median interpulse 
interval th over transfer trials, for the four 
tracking :)-feedback (BEAT) groups—Speeding 
Sessions | and 2 combined. 
o the c. elation found in Experiment I and 
fə to tiai found in Experiment IL.* 
In E- periment I, a nonsignificant corre- 
ation ws found between Ss’ average speed- 


ing performance and average slowing per- 


ormance (r = —11). The correlation 
between initial heart rate resting level and 
average speeding performance during feed- 
back trials was significant, 71 = —.47, p < 
01, r2 = —.52, p < .01: Low resting rate 


was associated with greater speeding per- 
ormance, There was also a correlation 
tween initial resting level and average 
slowing performance during feedback trials, 
r= 36, p < .10: High resting rate was 
associated with greater slowing perform- 
ance, Heart-rate variability during initial 
rest was positively correlated with average 
speeding performance during feedback trials, 
m= 48, p < 01; ro = 40, P < .05. This 
suggests that greater variability in heart rate 


8 The physiological response measures used in the 
correlational analyses are average change scores 
from the initial rest. Since there were group dif- 
ferences in heart rhythm control performance, 
heart rate change score averages were transformed 
to standard scores within each group. 


TABLE 2 


Mean Heart RATE CHANGE (IN bpm) FOR FEED. — 


BACK AND TRANSFER PERIODS OVER ALL TRAIN- 
ING TRIALS AND SESSIONS 


Period $ 
Group 


Feedback | Transfer 


Speeding sessions (Experi- 
ment I) 

1 beat 10. 

5 beat DA 

10 beat 2 

Tracking 


Slowing sessions (Experi- 
ment I) 

1 beat —43 

5 beat —2.5 

10 beat =3.9 

Tracking 3l 


Speeding sessions (Experi- 
ment II 

1 beat 17.2 

5 beat Ge) 


during rest, which can be viewed as an 
indicant of cardiac system lability, is asso- 
ciated with greater subsequent speeding 
performance. This relationship, however, 
does not hold for slowing performance, r = 
173.5. 

Average heart rate speeding performance 
during feedback trials was also found to be 
positively correlated with average heart rate 
change during tracking session trials, 1. = 
32, p < 10; rs = 36, p < .05. This cor- 
relation indicates that greater change in 
heart rate during the tracking task, which 
can also be viewed as an indicant of system 
lability, is associated with greater sub- 


sequent performance on the speeding task. 


There was no relationship between slowing 
performance and this lability measure. 
There was a significant correlation 
between average speeding performance and 
average respiration rate during feedback 
trials, y = —41, p < 05; ro = —.59, p € 
01, ie. greater speeding performance was 
associated with faster respiration rate. This 
was similarly true for transfer trials, 74 = 
—43, p < 05; r2 = —49,p < 01, For 
slowing performance during feedback trials, 
this correlation was in the opposite direction, 
r = .30, p < .10, with greater slowing per- 
formance associated with slower respiration 


p 


d aat 


- rate. There was no significant correlation 
- for transfer trials. Respiration cycle length 
variability was not found to be correlated 
with any heart rate performance measure 
for slowing or speeding sessions. 


Discussion 


The findings of the present investigation 
clearly demonstrate that success at the heart 
rate speeding task varies systematically with 
frequency of information feedback. Continuous 
analogue feedback (1-beat group) produced the 
greatest heart rate change. These differences 
also persisted during transfer trials. In addi- 
tion, there was a significant tendency for all 
feedback groups to improve over sessions. The 
unequivocal cross-validation of these effects in 
two independent experiments testifies to their 
stability and to the procedural reliability pro- 
vided in a computer-directed experiment. 

- Heart rate slowing trial performance did not 
parallel speeding performance, Although feed- 
back resulted in performance superior to that 
of tracking controls, there was no significant 
trend across feedback groups. The feedback 
groups, moreover, were not significantly differ- 
ent from tracking controls during transfer 
"trials. In addition, there was no improvement 
Lin performance over sessions for either feed- 
- back or transfer performance. These data can 
be taken as evidence that heart rate speeding 
nd heart rate slowing depend on different 
mechanisms, This possibility had been pre- 
. viously voiced by Engel (1972). It is further 
4 reinforced by the very low nonsignificant cor- 
elation between Speeding and slowing perform- 
nce found in Experiment I. 

The observed differences in speeding and 
owing performance 


the nonsignificant 
resting level and 


: average performance during slowing feedback 
trials does not 


t greatly substantiate this 
- hypothesis. 


A second possible explanation for differential 


performance effects may be the involvement of 
a different mechanism 


in the two tasks. Obrist 
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rer, & 
cardio- 
omatic 
arallel 
litude, 
oning 
close 
mon- 
nism 


and his associates (Obrist, Webb, © 
Howard, 1970) have suggested th 
vascular events are coupled centrally 
events, such that cardiac change 
somatic changes in direction and 
They have conducted a number of c. 
and reaction time experiments in whi 
coupling of these two events has be 
strated. A central somatic-cardiac : 
may be involved in the speeding tas! th Ss 
activating somatic behaviors alread their 
repertoires in order to increment he te. 
In support of the above specu! 
results for speeding performance arc 
those for a somatic motor task. That 
frequencies of information feedback 
greater success (Bilodeau & Bilock 
The previously reviewed study by | 
Twentyman (in press), in which 
feedback produced greater speeding ; 
ance than binary feedback, also pan, 
results of motor skills research. 
heart rate responding to the track 
task in the present study was found 
nificantly correlated with subsequent 
performance but was not correlated w low- 
ing performance. The amount of re iding 
in the tracking task may gauge de: ee of 


the 
u to 
gher 
ipted 
58). 
and 
gue 
rm- 
the 
"ver, 
iotor 
sig- 
ding 


activation of the central coupling mecanism 
in individual Ss. It would be predi: ‘ve of 
subsequent speeding performance if the « ipling 
mechanism were also involved in thi- task. 

There was also a significant cor- ation 
between heart rate variability during initial 
rest and speeding performance. These *sults 


suggest that the degree of system lability is 
predictive of speeding control acquisition. 
Related to these findings are a number of 
studies reporting an association between heart 
rate activity and motor performance. Connor 
and Lang (1969) noted that greater cardiac 
reactance, in the form of large acceleration and 
secondary deceleration components of the heart 
rate response curve, was associated with faster 
reaction times. Lacey and Lacey (1970) have 
reported similar results. In an earlier study, 
Lacey and Lacey (1958) also noted a relation- 
ship between heart rate activity and motor 
performance, with high heart rate variability 
being associated with fast reaction times. 
Lacey and Lacey have interpreted these data 
as evidence of a relationship between autonomic 
activity and cortical excitability, with these two 
response systems being highly interactive. In- 
deed, Gellhorn (1964) has argued that auto- 
nomic and somatic responses are interactive, 
as well as parallel to one another, because they 


- integrated systems, In the heart 


are cenis 

rate spe z task, certain individuals may 
learn m than others because their cardio- 
vascular stems are more labile and may 
activate 5e more responsive to the somatic- 
cardiac ling mechanism. 

In co t to a central coupling mechanism 
that m cilitate speeding performance, the 
mecha: nvolved in slowing may be more 
related "e visceral learning. As suggested 
by La: | Twentyman (in press), slowing 
may i the modification of vagal firing 
and c scular changes that are relatively 
indep: of central centers controlling 
somati vity. 

Jf- ‘tral coupling mechanism is more 
involv ; speeding performance, one might 
well ex | respiration to show a close covari- 
ation heart rate in this task. Results, 
howe: offered no conclusive evidence for 
this po oility. Both the speeding and slowing 
tasks ved some evidence of respiratory 
chang: ated with performance.* Correla- 
tional Jyses did, however, demonstrate a 
statist). iy stronger association between respi- 
ration : and speeding performance relative 
to the cetween respiration rate and slowing 
perfor) ice, This held for both feedback and 
transfe” -criods. Differences between speeding 
and sic »g may therefore reflect a differential 
involve: ‘at of striate muscular mediators. 
Unlike «owing, speeding may not involve any 
new les: ning of a visceral response. Rather, it 


ely reflect the recruitment and tuning 
ic responses, such as respiration and 
sion, which prompt heart rate ac- 


research investigating the effects of 
heart rate speeding and slowing training on 
other cardiovascular and somatic activity should 
more rly elucidate whether different inner- 
vation mechanisms are involved in the two 
tasks. In any event, the present study demon- 
strates striking differences between heart rate 
speeding and slowing results and highlights the 
fact that the two tasks are best analyzed as 
separate human skills. 

4The fact that changes in respiration rate and 
variability did not directly parallel the heart rate 
speeding differences may mean that they are not 
very sensitive measures by which to gauge this 
physiological system. Sroufe (1971) has shown 
that respiration depth is a measure that greatly 
affects both heart rate level and variability. Both 
respiration depth and muscle tension measures may 
Possibly be more responsive to differences between 
groups and tasks. 


FREQUENCY OF FEEDBACK AND LEARNED HEART RATE CONTROL 


"Obrist, P. A, Webb, R. A, Sutterer, J. R, 
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The behavioral control acquired by a 
stimulus apparently depends not only upon 
the correlation of that stimulus with re- 
nforcement but also upon the correlations 
with reinforcement of other stimuli in the 
environment (see Wagner, 1969). Such a 
relativistic reinforcement effect was demon- 
strated by Wagner, Logan, Haberlandt, 
and Price (1968). In a variety of experi- 
mental contexts, these investigators found 
_ that responding to a diffuse luminous 
_ Stimulus (L) was a function of the correla- 
tions with reinforcement of two auditory 
‘stimuli (A; and As) with which it was 
combined during acquisition (AiL and 
—AiL). When the L element was presented 


1 Experiment I was conducted while the author 
— was a National Science Foundation postdoctoral 
fellow (No. 41105) at the University of Sussex, 
England (1972). Experiments II and III were con- 
ducted at The University of Iowa and were pri- 
- marily supported by Biomedical Sciences Support 
Grant FR-07035 from the General Research Support 
Branch, Division of Research Resources, Bureau of 
Health Professions Education and Manpower Train- 
ing, National Institut 


Wagner, whose work stim 
gations, 
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STIMULUS-REINFORCER PREDICTIVENESS AND SELEC? 
DISCRIMINATION LEARNING IN PIGEONS? 


EDWARD A. WASSERMAN? 
The University of Towa 


Three experiments investigated selective discrimination learning during acqui- 
sition training. A two-key autoshaping procedure was used in which pigeons’ 
responses to the common and distinctive elements of two successively pre- 
sented compound visual stimuli were recorded separately. The difference 
between the correlations with reinforcement of the compound stimuli influenced 
between-trial and within-trial discrimination learning. The methods and 
findings of these experiments were discussed in light of several views of stimu- 
lus selection in animal discrimination learning. 


alone during experimental extinct n, 
controlled more responding in Ss fo 
reinforcement was nondifferentiall 
lated with A; and A, (uncorrelate: 
ing) than in Ss for whom A, 
differentially signaled reinforcem 
nonreinforcement (correlated train 
Various interpretations of thesc 


Ay 
and 


ings 


have been. put forth. Wagne: 169) 
proposed a cue-competition model hich 
stimuli vie with one another for cia- 
tion with reinforcement. The os: sible 


fate of less predictive stimuli, h as 
L in correlated training, is a failure to be 
associated with reinforcement or, a: best, 
a much weaker association with rei: ‘orce- 
ment than that acquired by L duri: z un- 
correlated training. Sutherland and ^ !ack- 
intosh (1971, pp. 152-153) have cfered 
the alternative proposal that reduced at- 
tention is paid to a stimulus when it is 
presented in conjunction with other stimuli 
more consistently correlated with reinforce- 
ment during acquisition. 

Both of these interpretations involve se- 
lective associative processes during acquisi- 
tion training. To date, however, direct 
measurement of selective discrimination 
formation has not been reported. This 
concern becomes especially acute in light 
of a growing recognition that tests of stimu- 
lus control in experimental extinction may 
not reflect the outcome of acquisition train- 
ing in an unbiased manner (see Thomas, 
Burr, & Eck, 1970; Turner & Mackintosh, 
1972). 

The present study sought to clarify this 
situation by directly measuring selective 


j 


discrimin: ‘on formation in acquisition. 
Here, th «perimental strategy was to 
record s ve responding by using the 
pigeon's cing of spatially separated re- 
sponse k: ‘see Farthing, 1971, 1973, for 
another ible technique). In the first 
experim« hungry pigeons were trained 
on an a haping procedure (Brown & 
Jenkins, | 3) in which trials involved the 
illumina of two pecking keys and the 
intermit presentation of response-inde- 
pendent i reinforcement. On all trials, 
one key layed a constant visual stimu- 
lus (C) he second key was alternately 
illumina by one of two distinctive visual 
stimuli ( or D4) on a random half of the 
trials. ier correlated training, Dı and 
D, wer fectly correlated (100% and 
0%) w ‘ood delivery, and they were 
thus m ictive of reinforcement than 
the 50° elated C stimulus. Under un- 
correla! raining, Dı and D were non- 
differen y correlated (50% and 50%) 
with fo -esentation, and they were thus 
no mor. redictive of reinforcement than 
the C su lus. Responses to the constant 
and dist tive components of the two-key 
displays —^,C and D.C) were continuously 
monitore. throughout initial acquisition 
and lat. treatment reversal by counting 
the num <r of pecks to each response key. 
Subsequent experiments used this research 
tactic to examine the effect of different 


correlations of the compound stimuli with 
reinforcement, 


EXPERIMENT I 
Method 


Subjects. The Ss were 10 experimentally naive 
adult hybrid cock pigeons maintained at 1596-8095 
of their free-feeding weights. They were individ- 
ually housed with grit and water always available 
in the home cages. 

Apparatus, Two identical three-key pigeon-con- 
ditioning chambers were used. The 1.9-cm.-diam. 
keys, which required 10 gm. for activation, were 
lighted from behind through white, red, or green 
Plastic bulb covers, The unused right-hand key 
was covered with black tape to match the dull 
black walls of the chamber. Directly below the 
center key was a solenoid-operated grain tray. . 
houselight was located on the chamber wall opposite 
the response panel. Continuous white noise from 
a small loudspeaker located on one of the side 
walls of the box masked extraneous sounds pro- 
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duced by the scheduling circuitry and recordi: 
equipment located in an adjoining room. 
Procedure. First, Ss were trained to approach 
and eat quickly from the grain tray. The Ss were 
individually placed in a conditioning chamber with 
the food tray elevated, lighted, and filled to the 
brim with grain. After S had eaten for approxi- 
mately 20 sec., the tray was lowered. Thereafter, 
the grain tray was activated for 4-sec. periods at 


irregular intervals independently of S’s behavior. 


If S failed to eat from the tray after 3 consecutive 


presentations, the tray was held in the operated 4 
position until 5 had eaten for 4 sec. Tray training - 


continued until each S had efficiently eaten grain 
on a total of 40 tray presentations in two consecu- 
tive pretraining sessions. 

Experimental training began the following day. 
Each of 80 daily trials involved illumination of the 
left and center keys for 5 sec., followed immediately 
by 4 sec. of access to grain in the lighted tray if 
reinforcement were scheduled to occur. The onsets 
of successive trials were separated by intertrial in- 
tervals of 49 sec. The houselight remained con- 
tinuously illuminated throughout all experimental 
sessions (see Wasserman, 1973). During the 5-sec. 
stimulus presentations, all key pecks were recorded, 
but they had no effect upon the scheduled stimuli 
and reinforcements. 

As in the Wagner et al. (1968) study, correlated 
and uncorrelated treatment conditions constituted 
experimental training. During Phase 1, five Ss 
were randomly assigned to each condition. During 
Phase 2, the training treatments were reversed, 
For purposes of identification, the two groups of 
Ss will be called correlated-uncorrelated (Phase 1 
training being correlated and Phase 2 training being 
uncorrelated) and uncorrelated-correlated (Phase 1 
training being uncorrelated and Phase 2 training 
being correlated). For both conditions, the left key 
was white-illuminated on every trial (C). The 
center key was alternately illuminated with either 
red or green on half of the trials. For three Ss in 
each group, green was designated D; and red was 
designated Ds; for the other two Ss in each group, 
the roles of the two colors were reversed. Under 
the correlated contingency, DiC trials were always 
followed by food reinforcement. and D.C trials were 
never food-reinforced. Under the uncorrelated con- 
tingency, DiC and D.C trials were each reinforced 
half of the time. For both conditions, each session 
was composed of 40 D,C trials and 40 D;C trials. 
A total of 40 trials were food-reinforced daily. The 
sequen: 
tions was random with the constraints that (a) no 
more than three D;C or D;C trials occur in succes- 
sion, and (b) no more than three trials in a row be 
reinforced or nonreinforced. Phase 1 and Phase 2 
training each lasted eight days. 


Results 


Total C key pecking. Although the cor- 
relation of the white C stimulus with food 


ce of stimulus and reinforcement presenta- - 


TO. 3e * STIMULUS (wate KE LIGHT) 


MEAN pecre 


—  FiGURE 1. Mean number of key pecks to the 

white key light (C) on both D.C and D.C trials in 
Experiment I. (Group C-U received correlated 
training in Phase 1 and uncorrelated training in 
Phase 2; Group U-C received the reversed training.) 


was 50% in both correlated and uncorre- 
lated training, total C key pecking was less 
in the former than in the latter condition. 
Figure 1 portrays mean total C key pecks 
on both D;C trials and DC trials during 
Phase 1 and Phase 2, During Phase 1, C 
pecking arose and then increased under 
uncorrelated training, whereas C pecking 
- arose but then decreased to near zero under 


gn test), 
onding. As an index 
r responding between DC and 
D3C trials, key peck discrimination ratios 
of the form Di1C/(D4C + D.C) were cal- 
culated daily. Both groups reached suc- 
cessive discrimination ratios over .90 on 
Day 5 of correlated training, indicating 


that over 90% of total trial key pecks oc- 
E er ee 
b values are based on two-tailed 


* All reported 
tests. 


curred on DAC trials. Placeme: © on th 
uncorrelated contingency for b. group: 
resulted in discrimination ratio: 
.60 over the last four days o: aining, 
indicating relatively nondiscrimi, :ed key 
pecking. 

Responding to stimulus elemen Figur 
2 shows responding to the fou imulus 
elements (D; and C; on D;C trial D, and 
C» on D.C trials) expressed as a pe centag 
of total trial key pecks. Regard of the 


order of training, the mean per 
key pecks over all eight days of 

training revealed within-d isplay d 
tions, wherein D; > C, and Cc, > 
= 7.60, p < .05. That is, on 

trials Ss pecked the distinctive! 
key more often than the white ke, 
on nonreinforced trials they p 
white key more often than the d; 
colored key. Indeed, over the 
days of correlated training, mea: 
C: exceeded C, responses (p - 
test). The greater pecking of € 
was, however, affected by the 
training: Two of the uncorrelat 


n 
e 
&. 
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Decks to D; and C; stimuli (on D;C trials) and to 
Ds and C; stimuli (on DsC trials) in Experiment I. 
Group C-U received correlated training in Phase ! 
and uncorrelated training in-Phase 2; Group U-C 
received the reversed training.) 


lated Ss »-.:tinued to peck the C; stimulus 
after fo. days of correlated training, 
whereas eof the correlated-uncorrelated 
Ss did. 

Perfo ice under the uncorrelated con- 
dition hase 1 indicated that most 
pigeons ) pecked the white key more 
than tho ;'ored keys and that this prefer- 
ence ti | to decrease over successive 
session `% of these Ss). When uncor- 
related ning followed correlated train- 
ing, th vergence of element responding 
upon « e performance (25%) retraced, 
in reve the original emergence of selec- 
tive elo nt responding. 

Inter. 41 responding. Following Wag- 
ner's 9) analysis of uncorrelated and 
corre; j contingencies, it might be ex- 
pected «t unmanipulated contextual stim- 
uli sh« gain more control over behavior 
in the ner than in the latter condition. 
If this were true, then responding in the 
absen f DiC and D;C (the intertrial 
interv.') should be greater during uncor- 
relate training than during correlated 
trainii Over the last four days of Phase 
1, the ;;edian number of daily intertrial 
responses was 108.5 for uncorrelated train- 
ing and ‘.8 for correlated training (U = 4, 
Past When the conditions were re- 
versed in Phase 2 this tendency was 
reduced but not reversed. 

Discussion 

The present results with pigeon Ss corrobo- 

rate, in acquisition, selective association effects 


; detected by Wagner et al. (1968) 
experimental extinction with mammal- 
ian species (see also the extinction data of 
Farthing, 1973, with pigeons). Here, respond- 
ing toa 50%-reinforced stimulus increased in 
frequency when the distinctively colored keys 
with which it was paired were nondifferen- 
tially correlated with food delivery. When 
the colored keys were consistently correlated 
with food reinforcement and its absence, how- 
ever, pecking of the white key decreased to 
hear zero. Responding to the elements of the 
compound stimulus displays during and im- 
mediately after correlated training proved to 
be highly systematic and indicated that the 
control of responding by a constant irrelevant 
stimulus may depend upon the display in 
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which it is presented; pecking on reinfor 
trials revealed Di>Ci, but on nonreinfor 
trials Co > D», giving rise to Cs > Cy. 

The pattern of responding to the element 
of the compound stimuli suggests that a pos 
sible mechanism of selective association effects 
may not have to make either of the two as- 


tition and selective-attention interpretations 
noted earlier (see also Estes, 1969). Unde 
the assumptions that (a) Ss attend to (notice 
all major features of compound stimulus dis 
plays, and (b) Ss in some manner associate - 
each of these stimulus elements with its 
correlated reinforcement probability, respond- 
ing ordered Di > C» > Ci > D» could emerge - 
and lead to asymptotic performance that obeys — 
the behavioral rule “respond only to the - 
stimulus element most highly correlated with - 
reinforcement." In order that Di > Cs» Cy - 
> D», it need also be assumed that (a) S 
associate Dı with a higher probability of re 
inforcement than C and associate C with a 
higher probability of reinforcement than Ds, - 
(b) within-trial choice behavior reflects those 
ascribed reinforcement probabilities (peck Di. 
rather than C1 on DiC trials; peck C2 rather - 
than D2 on D;C trials), and (c) discriminating 
high reinforcement probability from moderate . 
reinforcement probability is more difficult than 
discriminating high from low reinforcement 
probability. By virtue of the fact that D; 
was correlated with a higher probability of . 
reinforcement than either C or Do, Ss chose | 
Di over C on D;C trials and refrained from ^ 
pecking Dz or C on DsC trials by the end of — 
training. 

In the case of uncorrelated training, C and. 
D stimuli were equally predictive of reinforce- - 
ment, The initially higher responding to the 3 
white key may, therefore, have been due to m 
greater stimulus salience or to stimulus gen- — 
eralization from the white-illuminated food — 
tray (see Logan, 1971). 2 


EXPERIMENT II 


The second experiment sought to rep 
cate and extend the observations made in 
the first experiment concerning correlated d 
and uncorrelated contingencies. Larger S 
populations (ns = 8) were administered 
these contingencies (a) under different tem 
poral parameters, and (b) with the position - 
of C and D stimuli randomly varied from 
the left key to the center key over succes- - 
sive trials in order to rule out the possible - 


involvement of position preferences in the 
_ Experiment | results. 

An additional modification of this experi- 
ment was the inclusion of stimulus-rein- 
forcer contingencies intermediate in pre- 
dictiveness to those of uncorrelated and 
correlated treatments. Because the C stim- 
ulus was always 50%-correlated with food 
delivery in correlated and uncorrelated con- 
tingencies, any contrast in predictiveness 
between D;C trials and D.C trials must 
have resulted from some probability dif- 
-ferential between D; and Ds. One can 
delimit a predictiveness continuum ranging 
0%-100% based upon the quantity (per- 
centage of reinforcement in D, — percent- 
age of reinforcement in Ds). The uncorre- 
— lated contingency (Di = 50%, Ds = 50%) 
E: therefore be redefined as having a 
of 


- predictiveness value of 0, and the corre- 
lated contingency (Dı = 100%, D, = 0%) 
| may be redefined as having a predictiveness 
value of 100. Such a redefinition suggests 

_ inquiry of predictiveness values intermedi- 
ate to the endpoints of the continuum in 

order to determine how control by the 
_ elements of the compound stimuli is affected 
by this variable. To this end, the present 
experiment examined the effect of five 
predictiveness values: 0 (uncorrelated), 25, 


50, 75, and 100 (correlated). 


Subjects. The Ss were 40 experimentally naive 
adult homing pigeons maintained at 75% of their 
free-feeding weights. They were housed singly with 
water constantly available in the home cages, 
A Apparatus, Twoidentical three-key Lehigh Valley 
lectronics pigeon-conditioning chambers were used, 
Directly above and below the center key were the 
houselight and the grain tray, respectively. The 
6-cm.-diam, left and center keys (the right key 
was masked and not used) required 10 gm. for 
. activation. 

: Procedure, During the preliminary training ses- 
sion, Ss were trained to quickly consume mixed 
grain from a lighted food tray that was irregularly 

. exposed for'a total of 20 3-sec. presentations. The 
next day, Ss received experimental training. All 
64 daily trials consisted of the illumination of the 
left and center keys for 7 sec., followed immediately 
by 3 sec. of access to food if reinforcement were 
scheduled on that trial. Intertrial intervals of 50- 
sec, duration separated the initiation of successive 
trials. 
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The five treatment groups (us = 8) were ^ cated 
identically except for the correlation of thc 
food presentations with the 32 D,C and D.C 
stimuli: For Groups 0, 25, 50, 75, and : 
correlations (in percentages) were, respecti» 
50, 62.5-37.5, 75-25, 87.5-12.5, and 100.0. 
the Ss had green designated D, and red de 
Ds; for the remaining half of the Ss, these 
ments were reversed. The sequence of 


Alf of 
rated 
nge- 
ulus 


and reinforcement presentations was rand: vith 
the constraints that: (a) no keylight ilus 
(white, green, or red) appear on the lef the 
center key more than three times in su on, 
(b) no more than three trials in a row invo 4C 
or DC stimuli, and (c) in any experimenta ion, 
the number of reinforced DyC and D.C : be 
equal within successive 16-trial segments. 1ps 
25, 50, and 75 were trained for a total of | Lys. 
Groups 0 and 100 were initially trained for Lys 
(Phase 1) and then received three 6-day t ent 
reversals (Phases 2, 3, and 4), 0-100-0- ! ind 
100-0-100—0, respectively. 
Results and Discussion 

Groups 0 and 100. In order to fa ite 
comparison with Experiment I, the : alts 
obtained with Groups 0 and 100 «v be 
considered before elaborating the fii ugs 
of Groups 25, 50, and 75. 

1. Total C key pecking: As in E veri- 
ment I, total C key pecking was mu less 


for 100 (correlated) training than or 0 


(uncorrelated) training. Figure 3 po: rays 
mean total C key pecks on both D,( and 
D.C trials during Phases 1 through + In 
Phase 1, C pecking emerged and increased 


under 0 training, whereas C keypeciing 
decreased under 100 training after a brief 
period of modest responding. Considering 
the last three days of Phase 1 and of 
Phases 2, 3, and 4, the differences between 
Group 0 and Group 100 in C pecking were 
all statistically significant (Us < 4, ps < 
-01). AIL 16 Ss pecked the white C stimulus 
more during 0 training than during 100 
training when the last three days of all 
training phases were considered (p < .001, 
sign test). 

2. Between-display responding : Training 
with the 0 and 100 contingencies took place 
in each of the four experimental phases, 
with 12 training blocks of 32 trials con- 
stituting each phase. Key peck discrimi- 
nation ratios, D;C/(Di1C + D;C), indi- 
cated that 100 training gave rise to rapid 


PHASE I 
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PHASE 2 


PHASE 3 PHASE 4 


TRAINING BLOCKS 


cure 3. Mean number of key pecks to the white key light (C) on both 
and D.C trials in Experiment II for Group 0-100-0-100 and Group 100- 
10-0 over the four experimental phases. 


| ials.) 
discriminati mastery. The .90 discrimi- 
nation criteri n was first met in Trial Block 
6 of Phase 1, lock 8 of Phase 2, Block 8 of 
Phase 3, an lock 10 of Phase 4, suggest- 
ing slower «iiscrimination mastery with 
greater precsposure to the 0 contingency: 
In Phase 1 there was no 0 pretraining, in 
pe 2 and 3 there was one prior phase 
of 0 pretraining, and in Phase 4 there were 
N © prior phases of 0 pretraining (see Eck, 
: oel, & Thomas, 1969). Discrimination 
Siam -40-.60 over the last three 
m training in each experimental 
E Responding to stimulus elements: 
pes 4 depicts responding to the Di, Cv 
E. Rud C. stimulus elements relative to 
100 i m key pecks. In Phases 1 and 2, 
^ Eu one gave rise to the same pattern 
E in-trial discriminations seen in Ex- 
E I, D; > Cı and C; > D; (both 
EC 01, sign test). Again, responding 

9 C: was greater than to Cı (p < 001, 


“ign test). Unlike Experiment I, the above . 


an of responding were not greatly 
ted by prior 0 training. This suggests 


E" alternately presenting C and D stimuli 


— 
0-100-0-100 


100-0-100-0 


(Each training block denotes 


on both response keys leads to more sys- 
tematic control by the discriminative stim- 
uli than occurs when key color and position 
are confounded. 

Performance under the 0 contingency in 
Phase 1 indicated that (a) during the first 
three days, all Ss pecked the white key 
more than the colored keys, (b) this pref- 
erence decreased during the second three 
days (75% of Ss), (c) all Ss pecked the red 
key more than the green key, and (d) all 
Ss pecked the white key more when it was 
paired with the green key than when it 
was paired with the red key. Regarding 
the above patterns of element responding, 
comparison of Groups 0 and 100 in Phase 1 
indicated that (a) 88% of Group 100 Ss 
and 13% of Group 0 Ss responded more 
to D, than to Ci, (b) 75% of Group 100 
and 88% of Group 0 responded more to 
C; than to Ds, and (c) 88% of Group 100 
and 50% of Group 0 responded more to 
C, than to Cy The fact that early in 
Phase 1 C; > D; existed in similar strength 
for both Groups 0 and 100 indicates that 
this ordering in Group 100 does not un- 
equivocally support the model of selective 


NT MW Es 


0 NNI 


PHASE 2 
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PHASE 3 PHASE 4 


MEAN PERCENT OF TOTAL TRIAL PECKS 


TRAINING BLOCKS 


Figure 4. Mean percentage of total trial key pecks to D, and C; stimuli (on DiC trials ind a 
Ds and C; stimuli (on D;C trials) in Experiment II for Group 0-100-0-100 and Group 100-0-100- 
over the four experimental phases. (Each training block denotes 32 trials.) 


discrimination learning outlined previously. 
Later evidence will bear on this issue. 

Exposure to the 0 contingency in Phase 2 
(after 100 training) led to the systematic 
resumption of responding seen in Experi- 
ment I, with D; > C; > C, > D; during 
the first two days. Terminal response 
levels found white-key responding slightly 
higher than responding to the colored keys, 
as would be expected from a continuation 
of Group 0 responding in Phase 1. Ex- 
posure to the 0 contingency in Phases 3 
and 4 brought about a similar pattern of 
element responding except for the absence 
of the white > color preference over the 
last three days of training in a phase: Most 
responding occurred to D, on D.C trials 
and to C; on D.C trials, 

4. Intertrial responding: Over the last 
three days in Phase 1, the median number 


of daily intertrial key pecks was 6.5 
Group 100 and 24.5 for Group 0 (U = 
P = .05). When the reinforcement c 
tingencies were reversed in Phase 2, 
difference was greatly reduced but 
reversed. 

Groups 0, 25, 50, 75, and 100. AS 
means of comparing the five treatm! 
groups at a comparable training po! 
Day 6 performance was examined and 
be reported here. 

1. Total C key pecking: Figure 5 ( 
circles and lines) depicts total pecking 
the white C stimulus on Day 6. Respo 
ing was a decreasing function of Di 4 
predictiveness with maximal responding 
Group 0 and minimal responding in Gro : 
100 (U = 0, p < .001). This system? 
function arose despite the fact that 
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FIGURE 5. in number of Day 6 key pecks to 
the white kc ht (C) on both D;C and D.C 
trials in Expe iment II (filled circles, solid lines) 
and Experim: HII (open circles, broken lines) as 
à function of ; . — Ds predictiveness. 


correlation o the C stimulus with reinforce- 
ment was fi: d at 50% in all conditions. 

2. Betweci:-display responding: Figure 
6 (solid circi-s and lines) illustrates mean 
DiC/(D,C + D.C) discrimination ratios 
of all experimental conditions on Day 6. 
Only Groups 75 and 100 evidenced dis- 
Bp nated esponding between DiC and 
D.C trials— Groups 0, 25, and 50 had dis- 
crimination ratios at or near .50. Group 
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MEAN PERCENTAGE OF TOTAL DAY 6 PECKS 


Ficure 7. Mean percentag 
D: stimuli in Experiment 
(open circles, broken lines) 


o 25 so 75 100 
PREDICTIVENESS 


e of Day 6 trial key pecks to Ci, Di, Cs, and 
II (filled circles, solid lines) and Experiment Ht 
asa function of Dı — Ds predictiveness. 
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MEAN DISCRIMINATION RATIO ON DAY 6 
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PREDICTIVENESS 


Ficure 6. Mean Day 6 DiC/(DiC + D1C) dis- 
crimination ratio in Experiment II (filled circles, 
solid lines) and Experiment III (open circles, broken 
lines) as a function of D, — D: predictiveness. 


100 met the .75 discrimination criterion 
in Trial Block 4, the .90 criterion in Bleck 
6, and the 1.00 criterion in Block 10 of 
Phase 1 training. Group 75 met the .75 
discrimination criterion in Trial Block 6, 
but failed to meet either the .90 or 1.00 
criteria within 24 blocks of training. 

3. Responding to stimulus elements: 
Figure 7 (solid circles and lines) presents 
responding to the four stimulus elements 
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relative to total trial key pecks on Day 6. 
On DiC trials, responding to Cı was a 
decreasing function of Dı — D» predictive- 
ness, Group 0 pecking C; at a higher abso- 
lute frequency than Group 100 (U = 1, p 
< .001). In an opposite fashion, respond- 
ing to D; was an increasing function of 
D, — D» predictiveness, Group 100 pecking 
D; at a higher absolute frequency than 
Group 0 (U = 7.5, p < .01). Groups 0 
and 25 pecked C; more than Dı, whereas 
Groups 50, 75, and 100 pecked D; more 
than Ci. 

On D.C trials, responding to D» was a 
decreasing function of Dı — Dz predictive- 
ness. Group 0 pecked D» more often than 
Group 100 (U = 0, p < .001). Respond- 
ing to C» was a nonmonotonic function of 
D; — D; predictiveness: Although Group 
0 pecked C; more often than Group 100 
(U = 0, p < .001), maximal responding 
occurred in Group 50. Up until Group 50, 
the pecking of C; increased relative to Ds; 
thereafter, the pecking of C; decreased 
relative to Ds. Note that this redistribu- 
tion in D.C key pecking is germane to the 
issue of C; responses exceeding D, responses 
and to the reason(s) for this occurrence. 
Earlier data of Experiment II indicated 
that both Groups 0 and 100 pecked C, 
more than D» early in Phase 1. Such an 
ordering in Group 100 may have been due 
to greater stimulus salience or to stimulus 
generalization (as discussed in Experiment 
1) or possibly to Ss’ choice of Cs over Ds 
because of its higher correlation with food 
presentation. The increasing size of this 
preference from Group 0 (mean C» — D, 
difference — 70 pecks) to Group 25 (C, — 
D: = 224 pecks) to Group 50 (C; — D, — 
254 pecks) strongly implies that, although 
the initial difference in C, and D, respond- 
ing may have been the result of higher 
salience or stimulus similarity, the augmen- 
tation of this difference was probably due 
toa selective discrimination effect, as pre- 
viously suggested, 

4. Intertrial responding: The median 
numbers of intertrial responses on Day 6 
for Groups 0, 25, 50, 75, and 100 were, 
respectively, 16.5, 13.0, 17.5, 6.0, and 3.5. 


Although Group 0 responded somewhat 
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more than Group 100 (U = 14.5 

no systematic function appeare. 
intertrial responding to Dı — 

tiveness. Rather, those group 
100) that had reached successi\ 
nation ratios greater than .75 | 
during the intertrial interval tha 
groups (0, 25, and 50) that had : 


EXPERIMENT III 


If the dimension of D; — D. ; 
ness is of general significance in tl 
of discriminations, then the pre 
by which specific predictiveness ` 
assigned should be relatively un 
compared with those values t! 
In Experiment II, predictiven: 
were assigned in a manner tha: 
correlation of the C stimulus 
reinforcement fixed at 50%. Th 
the daily trials were food-reinf: 
predictiveness differences were s 
adjusting the correlations of 
D.C trials with grain. The p 
periment studied the same pre 
values as Experiment II, bu: 
those scores by a different strate: 
the correlation of D;C trials with 
ment was fixed at 100%, and ti 
tion of D.C trials with reinforce 
varied—100%, 75%, 50%, 25% 
reinforcement of D.C trials, corres 
with D, — D; predictiveness values of @ 
25, 50, 75, and 100, respectively. Not 
that variations in the correlation of D 
with reinforcement not only change Di 4 
D» predictiveness scores but also changi 
the overall correlation of C with reinforce 
ment (100%, 87.5%, 75%, 62.5%, am 
50%, respectively). Although these tW 
factors are thus confounded, the degree U 
which the results of the present experimerll 
agree with those of Experiment II (whet 
the two factors were not confounded) wi! 
help to independently corroborate te 
generality and significance of the predit 
tiveness variable. 

Because the correlation with reinforce 
ment of D;C trials was fixed at 100% Y 
Experiment III, any group differences ! 
DiC responding must be due to variatio 


in the reinf: rent schedule of D.C trials. 
Although p '^rmance during acquisition 
can give ndication of the relative 
strengths « sponse to D; and Ci, an 
indication © he absolute tendency to re- 
spond to Í the only stimulus element 
whose cor: on with reinforcement was 
invariant a -s different values of Dı — Dz 
predictive cannot be so determined. 
Therefore, ^ absolute tendency to re- 
spond to | as measured during experi- 
mental ex! (ion to that stimulus element 
alone, wi t C being simultaneously 
present. 

Finally periment III attempted to 
determin: ether the pattern of respond- 
ing to the sents of the compound stimuli 
under 10: related) training (Di > C1, 
C> Ds, Cj) is unequivocally affected 
by the re ement contingencies in force. 
Therefor: er having mastered the DiC 
vs, D.C rimination, Ss were adminis- 
tered the versed discrimination. Where- 
as the | and D.C correlations were 
previousi: 90% and 0%, reversal training 
changed se correlations to 0% and 
100%, rc ectively. In the course of 
learning : © reversed discrimination, the 
opposite ; {tern of responding to the ele- 


ments of «jie compound stimuli (Di < Cy 


C: < Ds, C, < Cy) should be manifested 
if selective responding is a function of the 
reinforcement contingencies. 

Method 


_The Ss were 40 experimentally naive adult homing 
pigeons ma ned and trained similarly to the 
birds in Experiment I. 

For Ss in all experimental groups, the 32 daily 
DiC trials were all food-reinforced. Out of a total 
of 32 D.C trials, 32, 24, 16, 8, and 0 trials were 
reinforced daily for Groups 0, 25, 50, 75, and 100, 
respectively, Acquisition training continued for 
Seven days. 

In the following three days, 5s were administered 
extinction tests with the elements of the compount 
stimuli (D,, Ds, and C) presented singly. The 
left key was masked and the center key was succes- 
Sively illuminated with red, green, OF white light. 
Each key color was presented a total of 20 times 
daily, in an irregular order. No food reinforcement 
Was presented during extinction test sessions. 

Following the extinction test, Group 100 Ss were 
retrained for an additional four days on their original 
DiC vs. D;C discrimination prior to discrimination 
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reversal. In the six-day discrimination reversal | 
phase, the color previously designated D; signaled — 
nonreinforcement, whereas the color previously .—- 
designated D: signaled reinforcement, S 


Results and Discussion 


Acquisition. In order to facilitate com- 
parison with Experiment II findings, per 
formance in Experiment III on Day 6 is 
also shown in Figures 5 through 7 (open 
circles and broken lines). 

1. Total C key pecking: Keypecking of 
the C element on Day 6 was a nonmono- 
tonic function of Dı — D» predictiveness. . 
Although Group 0 responded more fre- 
quently than Group 100 (U = 2,p < .001), 
Group 50 responded most of all. Com- 
parison of Experiments II and III indicated 
that only the scores of the 0 groups differed 
significantly between experiments (U — 9, 
p «.05) This suggests that in an auto- 3 
shaping procedure, greater key pecking re- ..— 
sults with 50% reinforcement (Group 0, ) 
Experiment II) than with 100% reinforce- 
ment (Group 0, Experiment III), a sug- 
gestion also supported by total pecking 
scores on Day 6 (U = 8, P = .01). 

2. Between-display responding: By Day 
6, only Group 100 had successfully mastered 
the successive discrimination : The DiC/ 
(DiC + D:C) ratios of Groups 0 to 75 
ranged .44-.55. Between-experiment com- 
parison revealed that Group 75 had a 
higher discrimination ratio in Experiment 
II than Experiment III (U = 11, < .05). 

3. Responding to stimulus elements: The 
same general functions related key pecking 
to D, — Ds predictiveness in Experiment 
III and in Experiment II. Responding to 
C; was a decreasing function of predictive- 
ness (absolute C1 pecking was significantly 
greater in Group 0 than in Group 100, . 
U = 3, p < .01), as was responding to Dy 
(absolute D» pecking was significantly 

ater in Group 0 than in Group 100, 
U = 11, p < .05). Responding to Dı was 
an increasing function of D; — D predic- 
tiveness (absolute D1 pecking was greater 
in Group 100 than in Group 0, U =14,p < 
.065; relative Dı pecking was significantly 
greater in Group 100 than in Group 0, 
U = 5.5,p «.01) Finally, responding to 


p. 


TABLE 1 


Mean Numper or Datty Pecks TO STIMULUS 
ELEMENTS OVER THE Last THREE Days 
or DISCRIMINATION TRAINING AND 
DISCRIMINATION REVERSAL 


Stimulus elements 
5 Discrimi- 
nation 
» Di € D: C3 
-Original 337.7 2.8 1.6 8.6 
Reversed 10.7 28.1 393.9 4.5 


Note. See text for explanation of stimulus elements. 


C, was a nonmonotonic function of predic- 
tiveness (absolute C» pecking was signi- 

cantly greater in Group 0 than in Group 
100, U = 1, p < .001). Asin Experiment 
II, maximal Cs responding and the greatest 
C, — D: difference occurred in Group 50. 
_ The major differences between the stimu- 
Jus element functions of Experiments II 
‘and III occurred in Groups 50 and 75. 
- Although both Experiments II and LI 
— revealed C» > D in Group 50 on D;C 
trials, in Group 50 on D,C trials it was 
: found that D; » Ci in Experiment II and 
0C,» Dy in Experiment III. The other 
notable discrepancy occurred on D.C trials 
in Group 75. In Experiment II, where the 
correlation of D;C trials with reinforce- 
. ment was 12.5%, most Ss first ceased re- 
3 sponding to D; and then reduced respond- 
. ing to Cy. In Experiment III, where the 

correlation of D.C trials with reinforce- 


E 


- ment was 25%, Ss decreased responding 
— to D, but continued to respond at high 
Y frequencies to Cy. This contributed to the 


E 


- failure of Group 75 in Experiment III to 
. learn the successive DiC vs. DsC discrimi- 
nation (see Figure 6). Apparently, for a 
successive discrimination to emerge, a D.C 
d less than 25% must prevail, 
iven correlati, i 
1009), n lations of either 87.5% or 
4. Intertrial responding: The median 
numbers of intertrial responses on Day 6 
were 9.5, 27.0, 3.5, 20.0, and 0.5 for Groups 
0, 25, 50, 75, and 100, respectively (Group 
0 > Group 100, U = 13, p < .065). As 
in Experiment II, the only obvious relation 
between predictiveness and intertrial key 
pecking seemed to be whether a D,C vs. 


D.C discrimination had been ma 
here, Group 100 against all others. 


Extinction test. Total key peck 
clined sharply over the course of t! 
days of experimental extinction. C 
ing responding to D; on the firs 
extinction, the mean numbers of ; 
D; in Groups 0, 25, 50, 75, and 1 
37.6, 81.4, 85.1, 156.5, and 175.1 
tively.t Responding to D, was sign 
greater in Group 100 than in ( 
(U = 4, p < .01). 

Discrimination reversal. 


were 
spec- 
ntly 
ip 0 


During ;inal | 


discrimination learning, one S's (|-| 21, 
D, — green) performance had : yet 
reached the .75 successive discrim tion 
criterion. Later, during the four .. vs of 
discrimination retraining, this bird had 
not reached a stable level of perfo: nce. 
Another S (Bird 11, Di = red) had . suc- 
cessive discrimination ratio less t^» .60 
on Day 6 of reversal training. Th: - two 
birds will not be further consider: The 
performance of the remaining six who 
originally mastered the DiC vs. ! dis- 
crimination and its subsequent rev “sal is 
shown in Table 1. The pattern of ı pond- 
ing to the stimulus elements dur» s dis- 
crimination retraining (after element ex- 
tinction) showed Dı > Ci €» > i» and 
Cs > C; just as in Experiments | nd IL. 


During discrimination reversal, all Ss in- 
creased responding to the C stimuius on 
both D,C and D.C trials. Subsequent to 
this temporary increase, a consistent pat- 
tern of responding to the stimulus elements 
emerged within trials Dı < Ci aud C: 
< Dz, x2(2) = 11.00, p < .001, and be- 
tween trials, C4 < Ci (p < .05, sign test): 
This pattern is just the opposite of the 
original pattern of responding, thus con- 
firming the notion that responding to stimu- 
lus elements is under the control of the 
prevailing contingencies of reinforcement. | 


GENERAL DISCUSSION 


The present experiments extend the ger 
erality of the selective discrimination effects 


4 All means are based on ns = 8 except Group 75 
(n = 6), where an equipment problem resulted 3? 
the loss of 2 Ss’ data, 
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Figure 8 


-acter of selective 


P (correlated) Ss. 
Experiments II and III shed new light on the 
properties of such a possible mechanism. 
1 shows the mean percentage of total 
- trial key pecks to each stimulus element in 

Experiments II and III combined as a func- 
tion of Dı — D» predictiveness. 
of these multiple-group relationships with the 
single-group acquisition functions of Grou 


*One other means of manipulating Di 
dictiveness involves holding the correlation of 
E trials with reinforcement fixed at 070 and varying 

the correlation of D;C trials with 
à from 0% to 100%. 

— problem of no responding wi 
Seems probable that those groups that would respond 
at all (0.25; 0-50; 0-75; and 0-100) would do so in 
F E qualitatively similar to 100 

p. of the present studies rather t 

i, 50, or 75. Some special role of complete non- 
- reinforcement thus seems warrant 
E possible lack of generality to this third means 
scheduling Dy — Ds predictiveness. 


STIMULUS PREDICTIVENESS A 


Wagner et al. (1968) and, in 
clarify the conceptual basis of 
ill-defined notions of predictive- 
«mativeness often used in this 

tively defined as the difference 

y of reinforcement between 
1 stimuli which is ascribable to 
. elements of the compounds, 
aness variable was shown to 
influence the selective stimulus 
^avior. Furthermore, two inde- 
nods of manipulating Di — D» 

resulted in similar empirical 

-lective stimulus control, thus at- 
generality of those relationships. 
agrees with Wagner (1969) that 
selective discrimination learning 
« how selective stimulus control 
8 moment-by-momentexperiences. 

he present experiments directly 

nding in a trial-by-trial fashion. 

experimental paradigm em- 
raped key pecking in pigeons) 
at specialized and may have con- 
yer than exemplified the funda- 
discrimination 
^e similarity of the relationships 
responding observed in the pres- 

its and in the Wagner et al. 
tions speaks against the former 
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-gested in Experiment ] that some 


r probability comparator mechanism 
might explain the formation of between- and 
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Ficure 8. Mean percentage of Day 6 trial key — 
pecks to Ci, Di, C» and Ds stimuli in Experiments 
II and III combined as a function of D; — Da 
predictiveness. 


Ss (see Figures 2 and 4) reveals a marked 
correspondence: The general ordering of re- 
sponse to Di, Da, Cu and Cs elements is 
highly similar over successive Di — Ds pre- 
dictiveness values from 0 to 100 as well as 
over successive training trials for Group 100. 
The conclusion therefore seems warranted that 
the Day 6 levels of responding of Groups 0, 
25, 50, and 75 represent stages in the learning 
process of Group 100 Ss. Inspection of 
Figures 2, 4, and 8 indicates that within the 
first 160 trials, Group 100 Ss had advanced - 
through Stages 0, 25, and 50 and were at 
Stage 75, where Di> G2 > a> D. The 
speed with which Group 100 Ss advanced 
through Stages 9, 25, and 50 sometimes (as in 
Phases 1 and 2 of Figure 2 and Phases 1 and 4 


nc 


and 3 of 
relative Ca responding is evidenced. 
the progression 
took place within the next 240 trials. In |. 
summary, the formation of the selective dis- 
crimination under the 100 (correlated) con- i 
tingency recapitulated successive stages © 
within-display selectivity shown by Groups 0, 
25, 50, and 75. ; 
Any ultimate behavioral mechanism of se- 
lective discrimination learning must account 
for both the between-trial and within-trial 
discriminations; seen in the present experi- 


— ments. Of all available accounts, the “choice 
schema” of Jenkins and Sainsbury (1969) 
seems most able to embrace the present find- 
- ings. This model holds that response strengths 
- to C and D stimuli are raised by reinforcement 
and are lowered by nonreinforcement. Re- 
sponse to a stimulus element occurs only when 
its strength exceeds threshold (T). In the 
- event that the strengths of both C and D are 
above threshold, the element with greatest 
strength will be chosen in a manner that 
reflects the magnitude of its superiority (see 
- also vom Saal, 1972, 1973). As applied to 
discrimination learning in Group 100 and also 
the Day 6 performance of Groups 0, 25, 50, 
75, and 100, the model would hypothesize 
transitions through five stages: (a) C > Dy = 
D> T, (6) C> D> D» T, () D>C 
02D» T, (d) Di» C 2 T» Ds, and (e) 
E D-T»-C-D. 
- . Other theoretical models seem to be of 
. lesser utility. Rescorla and Wagner (1972) 
have proposed a mathematical model of com- 
pound conditioning. Although the evidence 
. gathered in the present study concerning suc- 
cessive discrimination learning seems ade- 
quately accounted for by the Rescorla- Wagner 
a formulation, the learning of within-display 
discriminations does not. For instance, at 
asymptote Group 100 responded exclusively 
— to Dion D;C trials. According to the Rescorla— 
_ Wagner model (1972, pp. 81-86), however, at 
least 33% of DiC responses should have been 
~ made to C; assuming that colored and white 
E stimuli were of equal and maximum salience, 
. and that the hypothetical strengths of response 
- to the stimulus elements were directly mapped 
into performance. Other models more sharply 
i focused on simultaneous discrimination learn- 
. ing and choice behavior (e.g., Dawkins, 1969; 
d Estes, 1962; Shimp, 1973) are applicable to the 
within-display discriminations but are of little 
usefulness to the observed between-display 
discriminations, 
It might be noted here that, using an experi- 
. mental strategy quite similar to the present 
method, Jenkins and Sainsbury (Jenkins, 
1973; Jenkins & Sainsbury, 1969, 1970; Sains- 


bury, 1971) have intensively investigated the. 


learning of discriminations based upon a single 
distinguishing element or feature. When the 
presence of such a distinctive feature indicates 
reinforcement, as when DC is followed by re- 
inforcement and CC is not, the within-display 
discrimination on reinforced trials usually pre- 
cedes the between-display discrimination: Ss 
first respond selectively to the distinctive fea- 


EDWARD A. WASSERMAN 


ture on reinforced trials before ti 
responding on nonreinforced trials 
present study, within-display discri ations 
tended to precede between-display i 
tions as well. Within-display discr 
were seen in Groups 25 and 50 of Ex 
II and in Groups 25, 50, and 75 of E: 
III, even though none of these gr: 
denced between-display discriminati 
greater than .55 (see Figures 6, 7 
Furthermore, selective responding t 
ments of the compound stimuli was f 
evidenced during 100 (correlated) 
before successive discrimination r: 
ceeded .60.° 

Finally, the relevance of the presen 
to the learning of successive discrimi: 
a more conventional sort should be c 
In the present experiments, commo: 
tinctive elements of compound sti: 
spatially separated so as to allow the 
of responses to those stimulus elem 
an ordinary visual discrimination 
where the positive and negative sti: 
and S—) are successively presented, 


nmon 


and distinctive stimuli are superimpe ` upon 
the same manipulandum. Thus, "igeon 
trained to discriminate between a re and a 
green key must form that discrimi: ion on 
the basis of the available differen: e (for 
example, hue or subjective brightnes ; other 
properties of both the green and the -d key- 
lights (suddenness of onset, contrast » ith the 
response panel, duration, etc.) are non: fferen- 
tially correlated with the availability or non- 
availability of reinforcement. Do witiin-trial 


selective discriminations actually occur in this 
situation in addition to the successive dis- 
crimination which is eventually mastered? 
Aside from the present technique, procedures 
are available (see Hearst, Besley, & Farthing, 
1970) which could help to elucidate this issue. 
For instance, if, in the course of mastering à 
Successive go/no go discrimination, Ss were 
responding to distinctive stimulus elements on 
S+ trials and to common stimulus elements 
on S— trials, then removal of a common 
stimulus element from S— ought to reduce | 
responding more than removal of the same 
common stimulus from S+ prior to discrimina- 


* Discrimination ratios greater than .60 first oc 
curred in Experiment I on the second day of Phase l 
and the second day of Phase 2; discrimination 
ratios greater than .60 first occurred in Experiment 
II on the third block of Phase 1, the fourth block 
of Phase 2, the fifth block of Phase 3, and the fourth 
block of Phase 4. See Figures 2 and 4. 


B 


Should this prove to be the 


tion m y. 

case, tt casoning entertained here relating 

the pr findings to more conventional 

conditi « procedures would be more than 
analogi 
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came first and labeling second. 


appear to operate in both modes. 


When ‘Ss learn sets of words with the aid 
‘mnemonic devices (Richardson, 1969; 
ates, 1966), the results are reported in 


going through" the list, indicating that 
e learning was, in fact, a paired-associate 
Operation. Thus, in the one-bun technique 
(Bugelski, 1968), Ss learn to pair certain 
i th the numerals 1, 2i-d; 
te., and later can report the eighth word 
on request by saying 8-gate or 
Provide the stimulus for the 
bpropriate response word. The only serial 
rning involved has already been ac- 
omplished long ago in learning the nu- 
nerals. Actually, specific mnemonic pegs 

e I-bun Variety are not necessary and 
any word can Serve as 
other word 


Os to image interactions between the words 
Miller, Galanter, & Pribram, 1960: Wal- 
lace, 1957). ; 


1 Requests for reprints should be sent ti 

Bugelski, Department of Psychology, oie uuu. 
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THE IMAGE AS MEDIATOR IN ONE-TRIAL 
PAIRED-ASSOCIATE LEARNING: 


II. SEQUENTIAL FUNCTIONS IN SERIAL LISTS 


B. R. BUGELSKI! 
State University of New York at Buffalo 


College seniors and eighth graders attempted to learn in one trial a serial list of 
20 words under imagery and standard instructions. 
learned as a response to the prior word and a stimulus for the succeeding word. 
Imagers were greatly superior to nonimagers. 
as college seniors. In both cases, errors and reports suggest that the images 
Incidental learners with an imagery rating ori- 
enting task learned better than verbal learning control Ss, The conception 
of images as parallel rather than sequential processes is not supported. Images 


Each word was to be 


Eighth graders learned as well 


probably reducible to paired asse teg 
where the actual stimuli might be «uch 
variables as position in the list rath an 
the previous item in the list. Saltz 71) 
has suggested that serial lists | me 
"integrated," gestalt-like Structures -. iere 
stimuli and responses cannot bc anc- 
tionally isolated—the list becomes a lity 
like some melody or verse where one: inot 
perform well unless he begins at ti» be- 
ginning and follows through. 

The second occasion for this stud, was 
the position taken by Paivio (1971. that 
imagery and verbalization should be dis- 


tinguished on the basis of the distinct 
“sequential” nature of language ani! the 
contrasting “parallel” nature of imagery. 
An image is held to be parallel in that it 
can be added to more or less indefinitely 
without sequential progress, as in Bower’s 
(1970) example of the imaged whale that 
can be bedecked with a top hat, then a 
cigar, and presumably any additional 
adornments, but the whale just sits there. 
Similarly, an imaged horse can be simul- 
taneously white, rampant, with rider, or 
whatever, but each feature is there at the 
same time. In contrast, a sentence runs 
along, one word leading to another. Such 
sequences, Paivio argues, are not charac- 
teristic of imagery. In this interpretations 
images are responses, possibly to words or 
other inciters, but one image does not lead 
to another in a sequence as words do, 
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1 
: 


In -. study of serial list learning involving 


a na: “tive technique, Bower and Clark 
(196°; suggested that a narrative “theme” 
can ction as a mnemonic. Their Ss 
leari several lists of 10 words with 
inst ons to create a story wherein the 
list us were to be remembered. Thus, 
Bow findings bear on both of the issues, 
as th. vordsin the lists were not responses 
to « * list words but to some other 
wore vithin sentences of the stories de- 
velo and were therefore not learned in 
direc: erial order, even though reported as 
such. Second, the organizing theme is in 
som ispecified way, involved in the re- 


proc . ‘ion of the lists. The present study 


was signed to determine if images can 
fun. on in a sequential role in a serial list 
cha herein each image serves as both a 
resp se to an earlier image and a stimulus 
for ^,^ next in a genuine serial order, 
wit! st some external variables such as 
posi: ^» in the list or theme functioning 
as « 
METHOD 


mental design. The basic comparison to be 

that between a group of Ss who are in- 
! to use imagery in attempting to memorize 
t of words and a group instructed to learn 
list by following their usual practices in 
: effort. Assuming that still another group 
could be induced to experience a series of 
> without intent to learn, the development of 
s between images in such a group might 
ort to the proposal that serial learning need 
not depend on extralist cues Ss might normally 
employ in learning serial lists. The experimental 
design then calls for an ordinary control group, an 
imagery-instructed group, and an incidental learning 
group. 

Because seventh-and eighth-grade grammar school 
Children were available in connection with another 
Study, the opportunity presented itself to compare 
such younger Ss with college level Ss. e Advantage 
was taken of this opportunity to consider another 
variable in serial learning, viz., writing out responses. 

Materials. Twenty concrete words were selected 
from lists developed in an earlier study so as to have 
no immediate or obvious associations between 
successive words, The words, in order, were CAR, 
BOOK, SPOON, DOG, ROSE, PENCIL, MOON, BABY, 
SOLDIER, HOUSE, CAMERA, DIME, FLAG, CARROT, HAT, 
RIVER, KNIFE, FIRE, WHEEL, and CIGAR. “ 

Subjects. Eighth-grade pupils and college seniors 
in classroom situations learned under a variety of 
imagery and no-imagery instructions. The college 
Ss were all psychology students, naive with respect 


made 
struct 


to imagery studies. They were asked to partici 
by their instructors as a favor to E, who would 
up only a few minutes of their time. Each 
five college groups was made up of entire 
meeting at the same hour. The assignment 
conditions was random. College .Ss learned the 
under imagery instructions and under ordi 
(control) instructions to learn the list in serial o 
(see below). One group of imagery Ss ant 
control group learned with a 6-sec. interval bei 
words. The rest of the groups were given 
presentations. One college student grou p was 
to rate succeeding pairs of words for their ima; 
value as pairs on a 7-point scale with no instru 
to learn and thus served as an “incidental” lear 
group. Eighth-grade groups learned with 5. 
intervals. One eighth-grade group was asked. 
write each word in the list under instructions for 
serial learning. 3 
Procedure. The Ss were provided sheets of pai 
with blank spaces numbered 1-20. They wi 
instructed to learn in serial order as 20 words wi 
read to them at a 5- or 6-sec. rate and to attempt. 
report in serial order as well as possible. Wh 
correct serial order could not be followed, Ss wi 
instructed that any words recalled should be 
ported wherever they seemed to fit best. Cont 
Ss were instructed to learn the list by any procedi 
they would normally follow in seríal learning, witl 
an emphasis on associating or “tying” each succee 
ing word to the preceding one. Imagery Ss wer 
told to form an image of each word as it was spok 
and to try to incorporate this image with the prior 
image in some interaction. A 3-word sequence wa: 
used to illustrate the procedures for all groups; the 
example was BOY-GIRL-CAT. The incidental learnii 
group was told that E was preparing material 
an experiment and needed help in getting pairs 
words that generated good images. The Ss y 
instructed to attend to each word read and rat 
in conjunction with the previous word so that the 
first rating was written in Blank 2 and so on. Ni 
of the Ss in this group suspected a subsequei 
recall test. 

Recall was tested 30 sec. after the last word | 
read. Three minutes were allowed for the rec 
Two scores were obtained for each S: (a) tot 
number of words correctly recalled, and (b) numb 
of words recalled in proper sequence, that is, 
responses to the appropriate prior word. Thus, i 
Ss recalled DOG, and mosE followed immediatel; 
ROSE was scored as a correct sequential respoi 

A recall of RosE not following noc would 
counted in total recall but not in serial recall. Re 
of the first word as first was counted as serial recall 
otherwise, there could only be a total of 19 word 
recalled in serial order. D 


RESULTS 


The findings confirm previously repor 
superior learning for Ss under imagery 
structions compared with routine ver 


MENS 


TABLE 1 


Ikan "TOTAL AND SEQUENTIAL RECALL SCORES 
4 FOR SS UNDER IMAGERY AND NORMAL 
INSTRUCTIONS FOR SERIAL LEARNING 

(SDs IN PARENTHESES) 


Recall 
Group n 
Total | Sequence 
Imagery instructions 
lege-6 sec. (A) 43 | 17.16 (2.44) 15.07 EH 
5 sec. (B) 53 | 15.53 505 11.49 (4.84) 
incidental (C) 18 | 14.00 (2.89) 9.52 (4,51) 
th grade (D) 27 | 16.04 (2.77) 11.49 (4.70) 
Normal verbal instructions 
lege-6 sec. (E) 39 9.71 2) 5.46 (2.49) 
lege-5 sec. 19 | 10.16 (2.64) 6.63 (2.74) 
h grade (G) 31 | 10.89 Gas} 6,42 (2.78) 
th grade-write (H) | 24 | 11.33 (2.88) 6.54 (2.86) 
t for group mean differences 
A-E 13.41" 13.584 
B-C 1.82* 3. 
B-F 4.7599 4.82444 
D-G 7.21909. 4.9844 
B-D ns ns 


v 
earning instructions (see Table 1. The 
erage college student under routine 
rning instructions recalls about half of 
e 20 words, and only half of these are 

orted in serial order when he tries to 
nemorize a serial list, Under instructions 
image successive pairs (cAR, BOOK, then 
OK-SPOON, etc.) he recalls an additional 

f as many both totally and in sequence. 
he total imagery effect is somewhat 


Sit e à result rather atypi- 
cal. of ordinary verbal learning findings. 
Children in the eighth grade do as well as 


el, witl the 6-sec, 
- groups, indicating a powerful effect of the 


ua 


Sex 


imagery instructions. A test f 
differences showed no significant diff. -nces 
between males and females at either lege 
or grade school levels. 

The incidental learning group d not 
differ significantly from the 5-sec. ii ery 
instruction group, but was signi! -atly 
superior to any of the routine verba! arn- 
ing groups, indicating the effective: of 
this orienting task for serial learning, the 
absence of any intent to learn. Writ out 
the list by the eighth-grade Ss prove: ` no 
value over simply listening to the lis: 

The time factor is an obvious varia © in 
this study if we are to make compa’ ons 
with other verbal list investigations ^ ere 
the usual interword intervals are ty; ly 
2-3 sec. In our two samples of © «ge 
students, the 1-sec. difference allow. the 
6-sec. group to exceed the 5-sec. up 
under imagery instructions, althou; no 
differences were found between the bal 
learning groups. When the data | ne 
two 6-sec. college groups are plotte: see 
Figure 1) by percentage of Ss re ing 
words in sequence (total recalls p. lel 
these closely and were not plotte: , it 
becomes clear that Ss under im ery 
instructions were engaged in some ope: tion 
that differed from that followed b. the 
routine verbal learners. There is a © arp 


drop in the retention of the verbal lea. ners 
almost immediately, with a recency ciiect 
rise at the end. Imagery Ss do not show 


IMAGERY 


PERCENT 


ear d 6 8 0 2 4 “6 B 20 
WORD ORDER 


FIGURE 1. Recall scores (in percentage of Ss 
recalling) for the 20 words as a function of position 


in the list. (The groups are those labeled A and 
F in Table 1.) 
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| this kind « 


recency effect and appear to 

decline sl: as thelist continues. By the 

time the nth word was provided, most 

- of the ve learners had, in effect, given 

up the s learning task, while 85% of 
the imag: Ss were still learning. 

Qualita: results. Some of the Ss in the 
college p lation reported attempts to 
develop 's out of the words, In most 
cases, su itempts were abandoned be- 
cause th ds could not be fitted to 
whatever — eme(s) had been generated in 
the time rtted. Some Ss reported ap- 
propriate .nonyms as responses at the 
proper pe- ts in the sequence—the follow- 
ing were ^ted but not scored as correct: 
penny for ME; flower for ROSE (two cases) ; 
picture { \MERA (three cases) ; army for 
SOLDIER iler for RIVER; wagon, reel, 
and tire WHEEL; child for BABY (two 
cases); © /le and lamp for MOON; pen for 
PENCIL ; e for HOUSE; and even auto for 
CAR, the it word, 

DISCUSSION 

The da presented do not bear directly on 
the virtu. of imagery as a mnemonic. Any 
imagery i) olved is inferential, a hypothetical 
construct. The Ss had to report verbally and 
all their rts attest to is the recall of words, 
not images. Through the report the euphe- 
mism “im:gery instructions” was used in order 
not to prejudge the case. That such instruc- 
tions can be so potent for recall, however, 
requires a ounting. The list of substitute 


responses, c.g., water for RIVER, suggests that 
Ss were not memorizing words but were 
reacting to these words in some other fashion, 
With an internal "representation" (Anderson 
& Bower, 1973), which could be described in 
Other words. The fact that some of these 
alternates were reported by the verbal control 
Ss suggests again the oft-reported use of 
imagery by control Ss. There is no way to 
Prevent control Ss from making up stories, 
Using imagery, or otherwise reacting to the 
Words except by presenting the words too 
rapidly for effective imagery to be generated. 
, The use of synonyms has been commonly 
cited to support the imagery hypothesis, but 
It is not evidence in anything but a suggestive 
- Sense. Such words could merely be verbal 
. associates, When Ss are interviewed on such 
= Changes, they insist they "pictured" the 
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object they named, e.g., “a small child, ab 
two or three" when E spoke the word BABY. 
In the recall test the word child was used as 
more appropriate for the alleged image. Simi 
larly, for another S, RIVER became wate 
because the "picture" was one of diving into: 
a pond to retrieve a KNIFE and the correc 
terminology (RIVER) was irrelevant in the 
context. 

Assuming for the present that words do 
generate some kind of representational process, 
it appears that such processes can serve both 
as response (to the word) and as a stimulus for 
the representational process aroused by a 
subsequent word. Saltz (1973) sees no actual 
difference in the nature of such internal 
reactions in paired-associate learning other 
than the momentary functional one. Both 
processes are aroused by words, and each can 
function as stimulus or response. In the 
recall effort the situation calls for a reversal, 
with the representational process now calling 
up a word as demanded by the experimental 
conditions. The Ss typically report that they 
"thought of the dog which made me think of 
the rose," etc.: The characteristic report is of 
the "thought" coming first and then being 
named. Without the requirements to report, 
there appears to be no reason why the repre- 
sentational processes could not generate each 
other in uninterrupted sequences, as they 
might be conceived to do in dreams of either 
day or night variety. 

Another feature of the present data was the 
fact that when some word was not reported, it 
was commonly noted that the next word in 
the sequence was missing. The items did 
operate as stimulus-response-stimulus com- 
binations, and the sequential process was 
obvious from the recalls. There appears to be 
no reason to regard the image operations as 
static, subject only to embellishment and 
without capacity for generating a completely 
different item in a sequential relationship. To 
be only a parallel process, one would have to 
have the first word CAR generate an image with 
the next word BOOK in some relationship to a 
car, and the third word SPOON again being 
hooked into the CAR-BOOK combination, with- 
the result that those Ss who recalled all 20 
words correctly might be presumed to have a 
20-feature multiple image. Such a multiple 
image would not dictate a serial recall. It 
could be described in any order. If anything, 
the opposite is true—once the book was related 
to a car, the car could be ignored and the new 
combination of book and spoon could become 


v 


' sequential sounds. 


associated. By the time Ss got to BABY, there 


would be no car, book, spoon, or rose in any 
way immediately present. 4 

The sequential nature of imagery can be 
supported more forcefully, perhaps, by noting 
that the good Ss, those who recalled all 20 
words, had actually been working under a 
ceiling of 20, and some of them could have 
gone on almost indefinitely. In later tests 
with some of these Ss, they not only returned 
the original order but could report all 20 words 
in backward serial order, an order they had 
never learned. Such facts are almost in- 
credible, given our usual appreciation of verbal 
learning performances. The Ss simply unreel 
the list backward as they might describe the 
sequence of events from a motion picture in a 
backward order. The example of the motion 
picture story may be of some moment here. 
Certainly no viewer tells himself the sequence 
backward as he watches a film; yet, retelling 
the story backward is no great intellectual feat. 

The distinction drawn by Paivio (1971) 
between imagery and verbal processes may 
still be a useful one, in that language is clearly 


- serial in order, whereas imagery does not have 


to be. Imagery can be both parallel and 
sequential. Given a sentence like “The boy 
kissed the girl," the words amount to five 
Some of these sounds 
generate parallel imagery corresponding with 
the words, but the words without further 
embellishment from adjectives and adverbs can 


hardly do justice to the auditor's experience.. 


The parallel enrichment, like the Chinese 
picture, calls for many more words than were 
used. But the sentence ends with a period, 
while the imagery can continue without gram- 
matical strictures or constraints until inter- 
rupted, possibly to be revived or run off on 
a tangent that verbal grammar would not 
allow. Paivio was astute in pointing out the 
parallel function of imagery; the present study 
Suggests he was too severe in restricting 
imagery to static embellishment. 

i Considering now the manner in which one 
image was generated by its predecessor and 
the failure to respond correctly when the 
appropriate stimulus image was missing, it 
becomes apparent that Ss were clearly engaged 
in serial learning and not responding to extinsic 
cues like position—nor were they integrating a 
serial package in the Saltz (1971) sense, even 
though occasionally something like a theme 
would begin to emerge. The “narratives” 
incorporating these themes were neither com- 
plete nor integrated beyond a few items and 


proved unhelpful under the condit 
study. No one successfully pu: 
20-word story even though 20 
remembered. 

The above remarks are not me 
the use of extrinsic cues in so! 
serial list learning, especially 
syllables or other mutually unre 
terials, nor is it proper to deny the i 
aspects of learning such things : 
The more acceptable position ay 
one of recognizing the probabilit 
more or less useful strategies or the 
influence of different variables : 
learning tasks. Instructions appe: 
such variable, Instructions to ima 
words can result in either parall« 
or sequential chains, depending o: 
asked to do. 

In summary, a serial learning 
learned in a variety of ways, one « 
be that of paired-associate chai: 
items. When such a serial list ca: 
in a backward fashion, all extralisi 
also have to be reversed. Until 
presented that such extralist cue : 
occur, the chaining hypothesis s! 
tained as descriptive of the ope: 
least some Ss with some kinds o 
especially including imagery, wi 
directional restrictions. 


REFERENCES 


Anderson, J. R., & Bower, G. H. Humu» 
memory, New York; Wiley, 1973. 

Bower, G. Analysis of a mnemonic device. 
can Scientist, 1970, 58, 496-510, 

Bower, G., & Clark, M. Narrative stories” 
mediators for serial learning. Psychonomic Scit 
1969, 14, 181-182. 

Bugelski, B. R. Images as mediators in one-ttl 
paired-associate learning: II. Se timing | 
successive lists, Journal of Experimental P3 
chology, 1968, 77, 328-334. 

Ebenholtz, S. M. The serial position effect! 
ordered stimulus dimensions in paired associ 
learning. Journal of Experimental Psychol 
1966, 71, 132-137. 

Miller, G. A., Galanter, E., & Pribram, K. PR 
and the structure of behavior. New York: P0 
1960. 

Paivio, A. Imagery and verbal processes. 
York: Holt, Rinehart & Winston, 1971. 
Richardson, A. Mental imagery New York 

Springer, 1969, 


Na 


4 VPE 
ournal of Experimental Psychology 
974, Vol ics No. 2, 304-309 


m. Kanak and Dean (1969) reported a sig- 
nificant decrement in performance in a 
verbal discrimination (VD) transfer task 
< when List 1 pairings of right (R) and 
wrong (W) items were re-paired on the 
transfer list with R and W items retaining 
the same function. The frequency theory 
(Ekstrand, Wallace, & Underwood, 1966) 
of VD learning does not predict such a 
ecrement when the above noncorrespond- 
ing (NC) pairing condition is compared to 
- performance on a transfer list involving 
Corresponding (C) pairings (ie., where 
_ Pairings remain the same as on List 1), 
f since Rule 1 (“select the most frequent 
item”) is appropriate to both transfer lists. 
Kanak and Dean argued that incidentally 
earned List 1 bidirectional associations 
overtly interfere and compete with the 
cquisition of incidentally learned List 2 
associations in the NC condition in a 


manner similar to the intentionally ac- 
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THE RE-PAIRING DECREMENT IN VERBAL 
DISCRIMINATION TRANSFER: 


FURTHER EVIDENCE FAVORING ASSOCIATIVE MECHANISM 


N. JACK KANAK? anp JOHN M. KNIGHT 
University of Oklahoma 


Wallace and Nappe suggested in 1971 that the re-pairing decrement in a 
verbal discrimination (VD) transfer task obtained in 1969 by Kanak and 
Dean could be accounted for by an extension of the counting postulate of 
frequency theory without involving associative mechanisms. 
was based on the assumption that the Kanak and Dean re-pairing manipula- 
tion produced some pairs in which wrong (W) items were actually higher in 
situational frequency than right (R) items. The present transfer experiment 
attempted to rule out this possibility by the use of a familiarization task in- 
volving free-recall of R items prior to VD learning, thereby increasing the 
situational frequency of R items prior to List 1 learning and List 2 re-pairing. 
Relevant familiarization significantly facilitated List 1 learning relative to 
irrelevant familiarization. Compared to transfer conditions involving corre- 
sponding List 1-List 2 pairings, a substantial re-pairing decrement attributed 
to incidental associative interference was observed in List 2 errors under condi- 
tions of both relevant and irrelevant familiarization. 


This extension 


quired associations of an A-B, A-B: red- 
associate transfer paradigm, thus pro. cing 
the obtained decrement, Similar in. pre- 
tations have previously been offe: . for 
other VD analogues of traditional | ired- 
associate negative transfer paradigm: |e.g., 
Kausler & Dean, 1967; Kausler, Ful! son, 
& Eschenbrenner, 1967). It sho. | be 
pointed out that the VD task doss not 
readily permit the occurrence of re» onse 


intrusions and response omission ..rors, 
primary measures of the existence oí as- 
sociative interference in paired-assuciate 
transfer, due to its recognition learning 
nature. Thus, an associative competition 
mechanism in the VD task is assumed to 
have its inhibitory effect at a covert level 
through the creation of a longer response 
latency, a lower response confidence level, 
and a consequent increase in the proba- 
bility of selection of the incorrect response 
by guessing. 

Wallace and Nappe (1971) and Wallace 
(1972) have suggested that the re-pairing 
decrement observed by Kanak and Dean 
(1969) can be accounted for within fre- 
quency theory by a liberalization of the 
"counting" postulate of the theory. The 
basic postulate of the original frequency 
theory (Ekstrand et al., 1966) is that each 
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ency units to the R and W 
itio of 2:1, respectively. 
:ppe suggest, however, that 
ariability in the accrual of 
5 within the set of R items 
set of W items as a function 
n item saliency, favorable or 
ady positions, a changing 
background against which 
sted, and certain organismic 
is attentional set. These 
ted that the Kanak and 
e of re-pairing items in the 
uay have allowed some more 
‘ems to become paired with 
t items and vice versa, thus 
‘ficult task in which Rule 1 
o some pairs, but Rule 2 
ist frequent item") is appli- 


trial adds f: 
‘items at 
Wallace an 
there may 
frequency : 
and within 
of differenc 
unfavorab|: 
environme 
items are p 
factors su 
authors st 
Dean proc 
transfer ta 
frequent \\ 
less freque 
producing 
is applica! 
("select tl 
cable to o 


Wallace | Nappe (1971) attempted to 
provide e: :cal support for this hypothe- 
sis by pre ing pairs of R and W items 
two, four, six times on a single study 
trial, follo by a single test trial em- 
ploying eiw - the same or different pair- 
ings. For :. me Ss the “different” pairings 
involved R ond W items with the same 
study trial :.cquency, while for others the 
[frequencies were crossed such that fre- 


quency values favored either the WorR 
[item on the test trial. Although the results 
| Were not free of interactions that limited 
generality, the data generally indicated 
“that errors were highest with pairs involv- 
ing two presentations of the R item and 
px of the W item on the study trial and 
Were fewest with pairings involving the re- 
Verse frequencies. In general, however, the 
Magnitude of the re-pairing decrement was 
Not great (a 27% increase in errors from 
the same-pairing-same-frequency groups to 
- the different-pairing-same-frequency), while 
‘Kanak and Dean reported a 174% increase 
in errors as a result of re-pairing on the 
transfer list. Wallace (1972) also reported 
à small decrement, but interpretation of 
the data of that experiment relative to the 
Present discussion is complicated by the 
differential rates of presentation in Phase 1 
and_Phase 3 and the use of an interpolated 


Ee 2 involving a frequency judgment 
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It should be noted that Kanak and Dean 
(1969) used a List 1 criterion of two suc- 


cessive perfect trials, a rather stringent | 


criterion that should have considerably 
reduced the possibility that correct re- 
sponses could have occurred as a result of 
chance on the last two trials of List 1 learn- 
ing. Given that frequency theory assumes 
that a list of unrelated items is mastered 
only by the application of Rule 1, which 


requires that R items have the highest | 


perceived frequency, it therefore seems 
doubtful that enough List 2 pairings could 
have resulted in which W items were 
“subjectively more frequent" than their 
paired R items carried over from List 1 to 
account for the large percentage decrement 
observed by Kanak and Dean. 

'The present VD transfer study was de- 
signed to minimize the possibility of more 
frequent W items becoming paired with 
less frequent R items in List 2 of the 
W; — Ra Wi — Ri (NC) paradigm, be- 
yond the extent to which that possibility 
was minimized by the two-successive-per- 
fect-trial criterion for List 1 employed by 
Kanak and Dean (1969). This was ac- 
complished by increasing the situational 
frequency of the R items via a familiariza- 
tion task involving free recall of the R 
items prior to List 1 learning. A number 
of investigators (e.g. Lovelace, 1969; 
Underwood & Freund, 1968; Wallace & 
Nappe, 1970) have shown that such a 
procedure does result in pronounced facili- 
tation of acquisition of a subsequent VD 
task, relative to either no familiarization 
or irrelevant familiarization. If it can be 
assumed that familiarization training fre- 
quency summates with the frequency units 
accruing to R items during acquisition of 
List 1, as the above literature indicates, 
then it is unlikely that the re-pairing 
manipulation in List 2 will result in some 
pairs having higher W- than R-item fre- 
quency. Any decrement observed in the 
NC pairing condition relative to the 
pairing condition on the transfer list would 
therefore not seem attributable to such an 
effect and would provide further support 
for an associative interpretation of the re- 
pairing decrement. Two additional C and 
NC pairing conditions were given an identi- 
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cal degree of free-recall training on an 
irrelevant list of words not utilized in the 
VD tasks to (a) confirm the facilitative 
effect of relevant familiarization on List 1 
learning, and (b) represent a condition 
closer to that originally utilized by Kanak 
and Dean. : 


METHOD 


Subjects and experimental design. The Ss were 64 
undergraduate students enrolled in introductory 
psychology classes at the University of Oklahoma. 
The students participated in the experiment as an 
option among class requirements, and none had 
served as Ss in previous verbal learning experiments. 
Each S was randomly assigned to one of the four 
principal treatment conditions upon appearance at 
the laboratory, within the restriction of achieving 
equal cell ns. The four (# = 16) experimental con- 
ditions represented a 2 X 2 factorial design with 
two transfer paradigms, Wi: — Ri, Wi — Ri (C) 
and W; — Ry, Wi — Ri (NC) crossed with two 
types of familiarization training, relevant versus 
irrelevant. 

Lists. The list materials and procedures of con- 
struction were similar to those employed by Kanak 
and Dean (1969) with the exception that the 60 
words used were all of A or AA Thorndike-Lorge 
(1944) frequency. All of the words were unrelated 
associatively according to the Palermo and Jenkins 
(1964) norms. The 60 words were randomly as- 
signed to form two 15-pair lists (A and B). Within 
each list, two random pairings of the R and W items 
were derived for purposes of generality and to con- 
trol for possible idiosyncratic associative relation- 
ships. Additionally, the R and W item functions 
within each of the resulting four lists were counter- 
balanced, making a total of eight List 1 conditions. 
Eight re-paired lists served equally often during 
List 2 learning for NC condition Ss, but para- 
digmatic variation was accomplished on List 1 so 
that all Ss within one of the eight list subgroups 
learned a common second list. Four random serial 
orders were employed for each list and four random 
orders of left-right spatial position of R and W 
items across serial orders were utilized. 

Procedure, The Ss in the relevant familiarization 
US pour alternate study and free- 

x est trials with the appropriate R items of 

i List 1 of their list subgroup. The Ss in the irrelevant 
familiarization condition were given an equal amount 
of free-recall training with 15 A or AA frequency 
words not used in the VD task. The words in- 
volved in irrelevant familiarization were also un- 
related associatively to those in the VD task. 
During free recall, each S was instructed to simply 
pronounce each word as it appeared for 2 sec, on the 
study trials and to write down, with unlimited time, 
as many as he could recall in any order after dach 
study trial. In each condition, the 15 words ap- 
peared in a new random order on each study trial. 

Following the appropriate familiarization train- 
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ing, all Ss began practice on List 1 o 
after standard instructions appropriat« 
pation procedure. The pairs were ; 
2:2 sec. rate via a Lafayette mem: 
a 4-sec. intertrial interval. The w« 
sented in horizontal juxtaposition wit 
to pronounce the item he believed 
during the anticipation interval. l 
peared in the feedback interval wit 
item underlined, and S pronounced | 
the feedback interval. Both List 1 an 
learned to a criterion of one perfect tri 
attainment of criterion on List 1, Ss « 
E wished them to learn a second list u 
procedure as before. The Ss were no! 
the nature of the interlist relationship 
trial on each list was conducted as a p 
with S so instructed, 


RESULTS AND Discussi 


List 1 acquisition, The numb 
to the criterion of one perfect 
a significant effect for the fam 
variable, F (1, 60) = 10.94, SL 
The dummy variable of C-^ i 
F « 1, and the interaction re: 
(1, 60) = 2.50, p > .10. The 
standard deviations, respectiv« 
miliarization were 6.28 and 2.89 re 
and 9.16 and 4,02 (irrelevant 
analysis of total errors, again c 
miliarization variable was sig 
(1, 60) 6.86, p < .025. Bc.h of tl 
other Fs were less than 1.35. ea 
errors and standard deviations : 
and 13.59 (relevant) and 35.15 : 
(irrelevant). Thus, as expected, familiati 
zation via free recall of R items produc 
pronounced facilitation of List 1 acqui 
tion. The nonsignificant effects for C-N 
and the lack of interaction indicate thd 
the lists defined by transfer paradigm we" 
equally difficult. 

List 2 errors. The analysis of toti 
errors to the criterion of one perfect tn! 
resulted in a highly significant C- NC pa? 
digm main effect, F (1, 60) = 18.09, ? 4 
.001. The familiarization effect yielded 
(1, 60) = 2.30, p > .10, and the inte 
action was marginally significant, F (1, 9^ 
= 3.00, p < .10. The means and standà* 
deviations, respectively, for paradigms WC 
1.71 and 2.99 (C) and 7.47 and 6.68 (N 
Thus, the re-pairing decrement was oq 
tained under conditions of both relev?? 


- R-item and levant familiarization. The 

cell means @ standard deviations for the 
interaction 1.87 and 3.31 vs. 5.25 and 
1.16 for the and NC conditions, respec- 
tively, und -item familiarization, and 
1,50 and 2.( 9,69 and 5.60 for the same 
ordering < nditions under irrelevant 
familiarizati 

The erro: a was also analyzed by a 

base-of-opp nities measure to obtain an 
| “error rate’ stimate of difficulty. That 

is, for eac! the total number of errors 

was divide the product of the number 
of trials ired to achieve criterion, 
- multiplied the number of pairs. The 
analysis cc -med the highly significant 
~C-NC par m main effect, F (1, 60) = 
11.47, p - 1. Familiarization yielded 
LF = 2.55, 10, and the interaction was 
clearly nc dficant (F = 1.13). The 
mean prop ms and standard deviations 
- for paradi were .055 and .081 (C) and 
-128 and .( NC). 

Althoug e re-pairing decrement was 
"observed o ne measure of total errors for 
| both R-ite: /amiliarization and irrelevant 
familiariza the effect under R-item 
l familiarizat =, although still large in terms 
of the perc-ntage increase of errors over 

the C conc’ on, was not as large in abso- 


| &nce in List 2 by responding on 


lute terms <> under irrelevant familiariza- 


tion, even though the interaction was not 
significant. A comparison of the variances 
for total errors indicated substantially 


- larger variances in the two NC conditions, 
- With the largest under R-item familiariza- 


tion. The marked incidence of zero errors 
on List 2 among some Ss (seven) in the 
latter condition suggested that these Ss 
had quickly discovered the relationship be- 
tween the items involved in the free-recall 


‘familiarization task and the R items of 


List 1 and List 2. If so, these Ss would 
Perhaps not only show superior perform- 
ance on List 1, but also could easily over- 
tome any incidental associative interfer- 
the basis 
of the discovered relationship and/or em- 
ploying a Rule 1 strategy. The Ss in the 
NC condition who failed to detect this 
relationship during List 1 learning, on the 
other hand, would likely form more and/or 
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stronger incidental associations as a conse- 


quence of more List 1 trials and thus be ~ 
relatively more subject to associative inter- 
ference effects on List 2. In the irrelevant | 
familiarization condition, however, no fa- - 
cilitative relationship exists between the 
items of the free-recall task and the two 
VD tasks. Therefore, associative interfer- 
ence effects should be relatively strong 
among all Ss of the NC condition, with 
the only mitigating positive transfer mech- 
anism being the extent to which these S5: 
effectively transfer a Rule 1 mode of re- 
sponding from List 1. If these differential 
effects were present, they would represent 
a possible explanation of the statistical 
trend toward a significant C-NC Paradigm 
X Familiarization interaction on the mea- 
sure of List 2 errors. 

To test these notions, 5s were divided 
at the common median of C and NC groups 
in terms of List 1 trials to criterion to 
define "slow" vs. "fast" learners within 
each of the familiarization conditions and 
then List 2 errors were compared. Under 
R-item familiarization, slow (n = 7) and 
fast (n = 9) List 1 learners made 18 and 
12 List 2 errors, respectively, in the C con- 
dition while the comparable figures for the 
NC condition were 74 (n = 9) and 10 
(n = 7). Clearly, slow List 1 learners had 
greater difficulty with List 2 under the NC 
condition and fast learners had little diffi- 
culty, while slow C condition List 1 learners 
made nearly the same number of errors on 
List 2 as fast List 1 learners. The greater 
difficulty of List 2 learning experienced by 
slow List 1 learners in the NC condition 
does not therefore appear to be simply | — 
associated with slow learners simply con- — — 
tinuing to be slow learners on List2. Slow 
learners required an average of 9.22 (NC) 
and 8.00 (C) trials to master List 1 vs. .— 
only 3.43 (NC) and 4.22 (C) for fast 
learners who apparently recognized the 
easy application of a Rule 1-type strategy 
following familiarization training. 

As suggested in the above discussion, the 
same breakdown under irrelevant familiari» 
zation failed to reveal any interactive rela- 
tionship between slow and fast List 1 
learners and the distribution of List 2 
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errors. Under irrelevant familiarization, 
slow (n = 9) and fast (n = 7) List 1 
learners made 16 and 5 errors in List 2, 
respectively, in the C condition. The 
totals for the NC condition, while much 
larger, were nearly identical, 80 (m — 7) 
and 77 (m = 9), respectively. Slow 
learners, again defined as those above the 
median on List 1 trials, required an average 
of 12.28 (NC) and 12.55 (C) trials to learn 
List 1 vs. 5.00 (NC) and 7.00 (C) for fast 
learners. The lack of an interaction be- 
tween slow and fast learning of List 1 and 
the number of errors in List 2 for NC con- 
dition Ss in this breakdown under irrelevant 
familiarization, as contrasted to its presence 
under relevant familiarization, provides 
further evidence that the substantially 
higher number of List 2 errors made by 
- slow vs. fast learners in the NC condition 
under R-item familiarization does not seem 
attributable to slow List 1 learners simply 
continuing to be slow learners, 

This interpretation might not be valid, 
however, if it were the case that (a) slow 
learners in the relevant familiarization NC 
condition learned substantially fewer total 
items in free recall than fast learners, or 
(b) if slow learners in the same condition 
did not benefit from familiarization in 
terms of greater ease of List 1 acquisition 
than slow learners in the irrelevant fa- 
miliarization NC condition. These possi- 
bilities were evaluated and led to the 
conclusion that the interpretation above is 
not confounded by either of these factors. 
"The mean number of items recalled across 
the four free-recall familiarization trials for 
the four major experimental conditions 
ranged 31.13-39.50. Within the relevant 
familiarization NC condition, slow List 1 
learners recalled an average of 37.78 vs. 
40.00 Vo AM learners, a difference that 
was clearly nonsignificant, ¢ (14) = . 

b > 25. Furthermore, slow Ei NC 
learners did show a significant familiariza- 
tion effect on trials to criterion in List 1 
relative to slow irrelevant NC learners, 
The respective means of 9.22 and 12.28 
resulted in ¢ (14) = 1.81, p < .05. The 
magnitude of this difference (3.06) in means 
is even slightly larger than the difference 
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(1.57) in means of the fast rei. ant 


(3.43) vs. fast irrelevant NC (5.0 
The comparative values of t 
errors of 74 vs. 10 for slow an: 
learners under relevant familia: 
opposed to 80 vs. 77 under irre 
miliarization therefore represe 
evidence that even when the 
is given to frequency mechanis 
item familiarization, associativ« 
nisms become potent sources oi 
transfer even in Rule 1-type p 
where the frequency cue represent 
source of positive transfer. The 
the familiarization effect, significa 
1, did not carry over to List 2 for 
NC condition provides additiona! 
that some mitigating influence, p! 
associative interference, was oper 
der the relevant familiarization ^ 
tion. This mitigating influence a 
have been largely offset by the “d 
of the intertask relationship of th 
by fast List 1 learners in a manne: 
mating the effects that might b: 
if Ss were directly informed of th« 
relationship. Although no direct 
yet been performed, the conflict: 
of several studies on VD trans! 
that instructions regarding the 
relationship may be important | 
mining the degree of influence of 
tally learned associations. For : 
positive transfer has been reported for the 
Wi — Ry, Wi — Rs paradigm (an analogue 
of the A-B, A-C paradigm of paired-assoct- 
ate transfer) when Ss were informed of the 
interlist relationship (Underwood, Jesse, & 
Ekstrand, 1964). Others (e.g, Kanak & 
Dean, 1969; Kausler & Dean, 1967) have 
obtained negative transfer when Ss were 
not so informed. Wallace and  Nappe 
(1971) also informed their Ss of the re- 
pairing manipulation, while Kanak and 
Dean and the authors of the present study | 
did not. The variable of instructions may 
therefore be a fruitful area of investigation 
as a potentially significant determinant 9 
the relative contributions of frequency an 
associative mechanisms in VD transfer M 
view of the above cited literature and the | 
differential results for slow vs. fast (whe 


| 


respond «: `f they were “self-instructed” 
after fan ization training) learners in 
the prese. study, That is, suppose that 
the pres: or absence of instructions 
regarding > interlist relationship in the 
W — R ; — Re paradigm (in which 
the re-pa controversy is not involved) 
can be d ly shown to be interactively 
related t direction and degree of trans- 
fer relativ o the Wi — Ra, We — Rs non- 
specific c |. If it could then be further 
demonstr: d that the presence or absence 
of instr ns produced a similar func- 
tional rc ‘onship in the direction and 
degree o isfer in the “re-pairing” para- 
digm ( an experimental procedure 
mitigati e Wallace & Nappe interpre- 
tation o ne decrement) relative to its 
correspo g pairing control, then the 
logic oi rational identification (Under- 
wood, 1° } would support the conclusion 
that in ^^ experimental paradigms (a) 
negative  ansfer, in the absence of in- 
structio vas a function of associative 
interfere overriding frequency mecha- 
nisms, (b) positive transfer, in the 
presence nstructions, was a function of 
frequenc: `ased mechanisms (not neces- 
sarily d ned as cumulated frequency 
"units"; overriding incidental associative 
interference. 

Finally, there is the possibility that the 
relatively small re-pairing decrement ob- 


served by Wallace and Nappe (1971) could 
be interpreted as consistent with a multiple- 
component analysis (Kanak & Dean, 1969) 
of interacting frequency cues and associa- 
tive mechanisms, which suggests that inci- 
dental associations should interfere most in 
Rule 2 transfer situations and least in Rule 
1 paradigms. Wallace and Nappe gave 
six study trials, allowing at least six oppor- 
tunities for the development of incidentally 
learned associations via simple contiguity 
occurr: 

on the single “transfer” test trial. Consist- 
ent with the multiple component analysis; 
they reported that test trial pairs (in the 
different pairing-crossed frequency condi- 
tion) involving R and W item frequencies 
of two and six, respectively, 4 Rule 2 situa- 
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tion, produced the most errors, while thi 
reverse Rule 1 situation (R = 6, W = 2) 
produced the fewest. A study employing 
additional groups to directly measure the 
degree of associative learning present after 
the study trials and prior to the re-paired 
test trial could be useful in assessing the 
degree of support for this alternative 
interpretation. 
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a horizontal azimuth around S. 


» mediating binaural cues. 
A ; 
— Using eight loudspeakers installed equi- 
distantly around S’s head, Tolkmitt (1970) 
investigated the perception of bursts of 
hite noise under conditions of rapid se- 
- quential presentation. Some of the results 
. suggested that bursts from speakers in the 
1 aural axis were localized faster than those 
. generated from median or diagonal posi- 
tions. It was argued that the reason for 
_ this rests with the fact that sound sources 
along the aural axis are free of front-back 
| ambiguity and consequently require less 
ration time than sources outside the 
aural axis. To test this notion, Tolkmitt 
- (1972) investigated the speed of sound 
localization in a forced-choice reaction time 
experiment. The same speaker arrange- 
ment was used and S had to localize white 
noise coming from one of eight speakers. 
ontrolling for the movement component 
of reaction time, Tolkmitt (1972) found 
that the localization time tended to be 
shortest for the two speakers in the aural 
axis. 
As reaction times are rather coarse mea- 
Surements of mental processes, it was de- 
cided to explore localization latencies more 
fully by means of backward auditory 
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Two experiments investigated by means of backward auditory masking the 
individual localization times of eight loudspeakers arranged equidistantly on 
In the first, Ss had to localize a 20-msec. 
tone of 1,000 Hz., followed by a 500-msec. mask of white noise at 1 of 10 delay 
intervals. Localization accuracy improved with increasing delay, The notion 
of differential processing time was supported by the finding that rate of im- 
provement depended on speaker position. To meet the argument that these 
results could have been caused by the tonal quality of individual speakers, 
the study was repeated with Ss rotated by 90°. Also, frequency of tone was 
varied so that binaural time differences as well as intensity differences were 
mediating the localization decision. Despite rotation of S, the same effects as 
in the first study were obtained. In addition, localization patterns differed with 


masking (Deatherage & Evans, 969; 
Homick, Elfner, & Bothe, 1969). saro 
(1971) showed that backward king 
interferes with pitch identification. iden- 
tification deteriorated as the inte: be- 
tween test tone and mask was :°: uced 
from 500 to 0 msec. Massaro (972) 
argued that the mask prevented t°- pro- 


yver- 
ıudi- 
wer- 
that 
on of 


cessing of the test tone, rather tha 
writing its echoic image. Backwar: 
tory masking should therefore be a 
ful technique for testing the notic 
localization times vary as a funci 
azimuth position of the sound sourc 


EXPERIMENT I 


A tone of 1,000 Hz. and 20-msec. dura- 
tion was chosen as the localization stimu- 
lus. At that frequency, localization is 
primarily based on binaural time diferen- 
ces, which vary as a function of angular 
displacement only (Gulick, 1971; Jeffress, 
1948). Also, Creel, Boomsliter, and Powers 
(1970) reported that Ss achieve tonal sen- 
sation at a frequency of 1,000 Hz. if the 
stimulus is at least 10 msec. long. 

It was expected that localization accu- 
racy would decrease as a function of delay 
decrements of the mask, Furthermore, on 
the basis of previous findings by Tolkmitt 
(1970, 1972), the decrement in localization 
accuracy was expected to vary asa func- 
tion of azimuth position of the speakers: 
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ted to be smallest for aural- 


it was anti 
axis speake - ond largest for diagonal ones. 
Method 

Subjects. paid Ss between the ages of 20 
and 25 yr. ules and 4 females) took part in 
the experim All Ss had balanced hearing, i.e., 
sensitivity ices between the two ears in no 
case exceed. b, over the frequency range 250- 
8,000 Hz. 

Apparat he experiment was performed in a 
sound-redu ;amber. Sixteen 20.5-cm. loud- 
speakers (K |, FRS) were installed equidistantly 
at 22.5? ir ‘ls on a circular supporting frame 
of 3-m. di The speakers were matched for 
output ch: ristics over a frequency range of 
50-20,000 Each speaker was driven by its 
own ampli! irh individual volume control. The 
output fr he amplifiers was gated into the 
speakers | ins of 16 magnetic relays (Dual- 
Incline P. jodel RA 3038) with a .15-msec. 
switching The relays were interfaced to a 
PDP-11 « er. A 

Eight s; - at 45° intervals served for stimu- 
lus presen . the interleaving eight being used 
for mask Figure 3). For individual refer- 
ence, the « stimulus speakers were tagged with 
the label t-median (FM), front-right (FR), 
front-left . aural-right (AR), aural-left (AL), 
back-righ 2), back-left (BL), and back-median 
(BM). A: imes it was desirable to refer to any 
two speak: occupying mirror positions with regard 
to the me.ien plane as a pair. Therefore, the 
three speak - pairs FL-FR, AL-AR, and BL-BR 
were label: ‘ront-diagonal (FD), aural-axis (AA), 
and back-‘agonal (BD), respectively. 

An oscillator (Hewlett Packard, Model 241A) 
was used io present the 1,000-Hz. stimulus, and 
a locally built noise generator was used for the 
mask. The stimulus and mask amplifiers were 
calibrated to produce 40 and 70 db. (SPL) respec- 
tively, at ihe position of S’s head in the sound- 
reduced chamber. 


The two variables under investigation 
were delay of mask and speaker position, The 
delay times from stimulus offset to onset of the 
mask were 0, 20, 40, 60, 80, 100, 140, 200, and 
300 msec., and a condition with no was 
referred to as infinite (s-msec.) delay. Eight 
stimulus speakers were used, and their positions 
were FM, FR, FL, AR, AL, BR, BL, and BM 
(see Figure 3), Each of the 80 conditions or trials 
qo Delays X 8 Positions) was presented five times 
ina random order. 

Procedure. All experimental events were Con- 
trolled by a PDP-11 computer? The S sat in a 
dentist chair that was equipped with a bite 
in the center of the speaker circle. The biteboard 


Design. 


by D. Owen, 


? The electronic interfacing was done 
llaboration 


and the programs were written in co 
with I, Hammond. 
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and the dentist chair could be adjusted such. 
S's ears were exactly in the intersection of the 
aural and median plane. The S had to operate- 
a response board with a start button, eight local- .— 
ization buttons arranged in a circle to correspo: 
with the positions of the stimulus speakers, and 
an error button. The last button was only opera- 
tive after a localization response and, if pressed, 
would nullify the preceding response so that S coul 
toggle in the intended one. 

‘As soon as S pressed the start button, the con 
puter randomly selected the next trial and pr 
sented it 500 msec. later. A trial consisted of the 
1,000-Hz. 20-msec. tone presented through one of. 
the eight stimulus speakers, followed by a randomly 
selected delay interval, at the end of which thi 
eight mask speakers were activated with white. 
noise for 400 msec. The S then had to press a 
localization button and immediately afterward the 
computer was ready to present the next trial. 

After 400 trials (5 repetitions of the 80 Delay 
X Position combinations) the computer stopped 
the experiment and generated raw and summary - 
data. The summary data consisted of frequency B^ 
distributions of correct responses as a function of 
delay and position. These distributions were coded 
in two ways (LI stands for localization index); 
LIi = number of correct localizations, and LIX 
= number of correct and reversed localizations. 
Reversed localizations occur because of front-bac! 
ambiguities of the binaural cues. These ambiguities 
are due to the fact that speakers in opposite posi 
tions along the aural axis yield identical time and - 
intensity differences between S's ears. Front-back . 
discrimination of such speakers has been attributed — 
to the role of the pinna (Freedman & Fisher, 1968). 
In this study, whenever S localized a tone as 
having come from the opposite aural axis speaker 
positions, the response was classified as a reversal. — 
As there exists no good rationale for the quanti- - 
tative treatment of reversals, a value of 1.0 was 
assigned to a correct response and a value of .5 to 


required 
trials to 
situation. The experiment proper 
under computer control, and SS coi 
own pace and introduce a break whenever he felt. 


like one. 


Results 


The two response indices were pooled 
over Ss for all 80 experimental condition: 
and then converted into relative frequen: 
cies, which expressed the obtained local- - 
ization accuracies in scale values from 0 
to 1, where a score of 1 reflects perfect 
localization. These relative frequencies. 
were then subjected to repeated measures 
analyses of variance. Summary statistics — 


TABLE 1 


ANALYSES OF VARIANCE 
REsULTS: EXPERIMENT I 


4 Localization index 


Source 
; LU LR 
"Delay (D) F (9,81) = 8.73 | F(9,81) = 9.37" 
Position (P) | F (7,63) = 2.60* ns 
D XP F (63,567) = 1.95** | F (63,567) = 1.51* 
3 
i *p «.05. 

** p <01 


of the two analyses were listed in Table 1. 

Only F values significant at the .01 level 
= were considered for discussion. 

- The analysis of LI1, the index that ex- 
cluded the reversal responses, yielded a 
main effect for delay and a Delay X Posi- 
tion interaction that were significant at 
the .01 level. When reversals were in- 
- corporated (LI2), the delay effect was 
stronger, but the F ratio for the inter- 
action fell below the acceptable confidence 
- level. The disappearance of the inter- 
action when reversals were included was 
to be expected because they discriminate 
against it. Reversals were only possible 
for the speakers outside the aural axis; 
consequently, only the scores of those 
_ speakers could have benefitted from their 
inclusion, As the interaction was expected 
as a result of better localization of AA 
speakers at short delays, a selective boost- 
À ing of the scores of non-AA speakers neces- 
sarily has to counteract a possible Delay 

X Position interaction. For this reason, 
only the significant F ratios of the reversal- 
- free index (LI1) are discussed. 

The delay affected performance such 
í that when increased from zero to infinity, 
Ss’ relative localization improved from .33 
to 53 for LI1 (see average line in Figure 1). 
This result supports the conclusion that the 
mask impairs sound localization, and that 
the effect diminishes as the delay increases. 
However, even at the 300-msec. delay, the 
mask still impaired localization as com- 
pared with the no-mask condition, 

The interaction between delay and posi- 
tion turned out to be more complex than 
expected. In Figure 1 the localization 
scores for speaker pairs on mirror positions 
with regard to the median plane were 
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averaged into one curve each, k 
five position eurves FM, FD, 

and BM. This operation is legi: 
the following reasons: Unless . 


balanced hearing, the binaural cuc oming 
from speakers in mirror positions 0 »e two 
lateral sides should evoke identica — hysio- 
logical processes and, hence, dif- 
ference between the responses s! Jd be 
due to only chance variation. 3 was 
actually the case for the present r !ts. 
The two AA speakers were ilized 1 
most accurately and, apart from > > first 
change in delay (0 to 20 msex there 


seemed to be no noticeable incre: nt in 
localization accuracy. The lo ition 
curves for the FM, FD, and BM akers 
had similar trends. The scores ¢ ually 
grew as delay increased. This t: was 
more pronounced for the speaker 1 the 
median than for those in the fron liago- 
nal positions. For the BD spea} s, the 
localization scores did not show ap- 
preciable increment at all. 

Overall, it can be concluded : AA 
speakers require the least localizat time. 
EXPERIMENT II 

Even though the speakers \ ve all 
matched with regard to their out; it fre- 
quency spectrum, it is impossible i. avoid 
minute variations in their tonal .,uality 


which, if present, could have aide local- 
ization and might have contributed to the 
results in Experiment I. To test for this 
possibility, a second study was performed 
in which .$ was simply rotated by 90°, 
thereby changing median speakers into 
aural axis speakers and vice versa. If 
Sound quality had caused the superior 
localization of AA speakers, the median 
speakers should have been best localized 
with S rotated by 90°, Because the delay 
effect was very strong in Experiment |, 
this time the number of delay levels was 
reduced to five (0, 40, 80, 200, and 9 
msec.). 

It was further intended to investigate 
whether or not differential localization 
times, as indicated by the Delay x Posi- 
tion interaction, are invariant with regard 
to binaural cues on which the decision i$ 
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FIGURE 1. Relative correct localization of loudspeakers in the 
horizontal plane as a function of delay of mask. 


based. is well established that when 
sound uency is increased, the nature of 
the bi il cues that are utilized for the 
localiz. n decision changes from time to 
intens lifferences (e.g., Sandel, Teas, 
Fedde & Jeffress, 1955). For the low- 
freque range, up to the limit of the 


human voice, sound localization is pri- 
marily -sed on time (or phase) differences 
(Mills, 1958), which vary as a function -of 
azimut, position of the sound source and 
allow <clatively good decisions. From 
around 2,000 Hz. upward, localization is 
probably exclusively based on binaural in- 
tensity differences, which vary as a func- 
tion of azimuth as well as frequency and 
therefore seem to be less accurate than 
time-based localization decisions. Tracing 
the perceptual threshold curve for inter- 
aural intensity differences across a fre- 
quency range from 250 to 10,000 Hz., 
Mills (1960) reported two maxima for this 
curve. The threshold is largest at 1,000 Hz. 
(^41 db.) and reaches a second peak around 
4000 Hz. The sensitivity for interaural 
intensity differences becomes greatest 
(<.5 db.) above 6,000 Hz. 

_ To test whether or not individual local- 
zation of speakers is independent of the 
mediating binaural cues and their resolu- 
tion power, three frequencies (490, 3,560, 


MASK 


200 300 o 
(MSEC) 


and 6,500 Hz.) were used. These unusual ^ 
frequencies were a result of the attempt — 
to find the best spectral matches for all 
eight stimulus speakers in the low-, me- 

dium-, and high-frequency range. It -a 
expected that localization accuracy would - 
decrease when changing from low, over 
high, to medium frequency. However, the 
AA speakers were expected to be best 


localized at all frequencies. A 


Method. 4 
The equipment and procedure were identical to, 1 
those in Experiment I. The Ss were 18 under: 3 
graduate students, divided into 3 groups of 6 each. — 
"The screening criterion for imbalanced hearing used — 
in Experiment I was again applied. $ 
The possible effects and interactions of three. 
variables were under investigation. Delay (0, 40, 
80, 200, and % msec.) and position (eight stimulus 
speakers spaced at 45° intervals) were treated as 
within-Ss variables, and frequencies (490, 3,560, 
and 6,500 Hz.) as a between-Ss variable. The 40 — 
combinations of the 2 within-Ss variables were: 
repeated 5 times for each S in a random order. 
The S’s head was again held in the intersection 
of the median and aural planes by means of a bite- - 
board. All Ss were instructed and given practice f 
as in Experiment I. They started a trial by 
pressing the start button on the response board 
which, after 500 msec., caused the presentation of 
the signal of 40 db. (SPL), followed by the ran- 
domly delayed mask of 500 msec, and 70 db.- 
(SPL), presented through the remaining eight 
speakers positioned between the stimulus speakers, 


TABLE 2 


ANALYSES OF VARIANCE 
RESULTS: EXPERIMENT II 


Localization index 
Li L2 

elay (D; F (4,60) —1385** |F (4,60) —1821** 
: en (b) Pur 105) = 6.25%" F 7, 105) = 2.82** 
— Frequency (F) F 2,15) = 6.95** |F (2, 15) = 4.33* 
BD XP F (28, 20 bad F 28, 420) = 3.45 

F 

ŽE F (14, 105) = 12.71% | F (14, 105) = 3.37** 

xP XF ns ns 

* p «.05 

** p <01 


ee each trial S had to give the localization 
sponse. The Ss worked at their own pace. 


..'The raw data were transformed into the 
ime two indices as in Experiment I. The 
legrees of freedom and F ratios for the 
wo indices are listed in Table 2. Only 
| the frequency effect was substantially dif- 
me erent for the two indices: it was signifi- 
cant at .01 for the reversal-free index 
-(LI1), and fell below that confidence level 
- when reversals were included (LI2). As 
the remaining sources of variation yielded 
Es results for both localization indices, 
the interpretation was limited to LI1. 
Main effects. All three main effects were 
me at the .01 confidence level. 
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LOCALIZATION 


RELATIVE 
[LJ 


9 90 
DELAY 


OF MASK 


The delay effect was similar to 
tained in Experiment I. Relati: 
ization improved steadily with in 
delay, a further indication that b: 
auditory masking is effective. Th: 
localization values were .37, .43, 
and .52 for 0-, 4-, 80-, 200-, and 
delay, respectively (see average 
Figure 2). 

In contrast to Experiment I, : 
tion effect came out very stron: 
would be expected, the AA speak: 
best localized (AR, .69 and Al 
followed by the speakers in th 
(FM, .52; FR, .49; and FL, .5 
trailed by the back speakers (Bi 
VL, .31; and BM, .22). The poo 
ization of Speaker BM is contrary 
position trend in Experiment I, wh 
speaker was judged as accurately 
front speakers. 

In the case of frequency, relativ: 
ization was .53 at 560 Hz., .44 at 6,5: 
and .37 at 3,560 Hz. The result i: 
that the resolution power of the tw 
binaural cues is indeed different. 

Interaction. Only the two firs 
position interactions came out sig! 
at the .01 confidence level. The 
X Position interaction yielded trenc 
lar to those obtained in Experiment ! 


AURAL AXIS 
BACK MEDIAN 
FRONT DIAGONAL 
AVERAGE 

FRONT MEDIAN 


IMSECI 


FiGURE2. Relative correct localization of lo 
udspeakers in the horizontal 
plane (S rotated by 90°) as a function of delay of mask. 


BL 


L4 


BM 


Figure 3. Polar coordina: 


horizontal plane loudspeakers with frequency as parameter. 


the ex-eption of speaker BM. Scores for 
speakers in mirror positions with regard 
to the median plane were again combined, 
the previously used labels for the 
ng five curves were used (FM, FD, 
AA, BD, and BM). Figure 2 indicates 
that localization of AA, BD, and BM 
speakers seemed to be independent of 
delay, with performance being best for the 
AA pair (between .6 and .7), intermediate 
for the BD pair (around .3), and worst for 
the BM speaker. Localization for the last 
speaker was surprising. It was best iden- 
tified at 0-msec. delay (.37), poorest be- 
tween 40- and 200-msec. delay (16), and 
increased again at ce-msec. delay 

The reason for this is not clear. It coul 

partly be due to the fact that all back 
speakers were poorly localized at medium 
frequency. The scores for the three front 
Speakers were very similar, in that they 
increased steadily with prolonged delays, 


ranging from poorest localization at 0-msec. 


M STIMULUS SPEAKERS 
PI 


tes of relative correct localization of 


SPEAKERS. 


BR 


to best at c-msec. delay. Taking int 
consideration that S was rotated by 90°, 
one can safely conclude that, except fi 
speaker BM, this interaction was not 
result of speaker characteristics, but was 
due to differential processing times of the 
binaural cues as a function of delay. 

Second, the Position X Frequency inte 
action is presented in polar coordinates ý 
Figure 3. For low and high frequenci 
similar, with | 


except for Speaker BR. Localization a 


curacy at both 
for the AA speakers. : 
quency, the front speakers were best local- 
ized, followed by the AA speakers, and 
trailed by the back speakers. As the AA 
speakers were thought to be most accu- 
rately localized at all frequencies, this 
interaction was not expected. The fact 
that it did occur seems to suggest that, 
at medium frequency, sound localizatio! 


is mediated by physiological processes dif- 
ing from those at either low or high 


CONCLUSIONS 


The main purpose of both studies was to 
investigate by means of auditory backward 
nasking the notion that sound localization 
time varies as a function of azimuth position 
of the sound source. 
. The prediction that localization time of AA 
peakers is shortest was supported by both 
‘studies. In Experiment I, the most accurate 
localization was obtained for AA speakers and 
ardly any increment occurred at delay levels 
eater than 20 msec. The latter result sup- 
- ports the notion of shortest localization time 
or AA speakers very strongly, especially in 
“view of the fact that the scores for the re- 
naining speakers, with the exception of the 
oorly perceived BD pair, gradually increased 
en delay was lengthened. The results ob- 
uned in Experiment II were similar except 
for Speaker Position BM. Again, localization 
was best and delay-independent for AA 
‘Speakers. 


clear. 
The possibility that the Delay X Position 


5 the popular assump- 
at accuracy of localization depends on 
the availability of binaural deea More 
detailed information was extracted from the 
Position X Frequency interaction. Except for 


one speaker, localization at the low fr: iency 
was always better than at the high fre -ency, 
with best utilization of binaural cues r AA 


speakers. In the case of medium fro- ency, 
the front speakers were best localize sug- 
gesting that in the absence of clear-c: ` nter- 


aural information, Ss prefer to locat ound 


sources in the front of them. 
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<POSURE DURATION, ANGULAR SEPARATION, 
AND BACKGROUND * 
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A signal detection design was used to measure detection thresholds for the 
motion of one spot of light relative to a stationary spot. Angular separations 
froin 7.5’ to 2°, exposure durations from .5 to 4 sec., and inward and outward 
motion were used with and without a textured background. An increase in 
angular separation lowered thresholds measured in minutes of arc per second. 
Increases in exposure duration lowered motion thresholds, but raised the 
total angular distance moved during exposure. Textured background had no 
effect. The results are related to previous findings and to following another 
automobile at night. 


ere are few experimental data that linear correction for chance, a procedure 
directly answer the question, "How fast now known to confound detection behavior 
must an object move away from or toward with S's response bias, i.e., his willingness 
observer for him to detect its move- to report the presence of the stimulus 
ent?” The appropriate form of the (Swets, 1973), The second problem is in 
Wer is a speed such as kilometers per the procedure of the experiment. The Ss 
dur or minutes of arc per second. continuously viewed two stationary spots 
One type of experiment presents to Ss of light on the face of an oscilloscope. 

r actual objects moving in depth When told to “observe,” the spots im- 
aker & Steedman, 1961; Hoppe & Lauer, mediately began to move either apart or 
1; Stalder & Lauer, 1952; Steedman & together with a finite speed, simulating 
ker, 1962) or a display that simulates motion toward or away from S. After a 
etinal image motion of an object mov- fixed interval (e.g, 1 sec.) the motion 
n depth (Duckstein, Unwin, & Boyd, stopped, and S was told to report whether 
1970; Todosiev & Fenton, 1966; Ton, ornot he saw motion. In other words, the 
1972). Of these experiments, only that of spots underwent infinite acceleration at the 
osiev and Fenton measured threshold beginning (positive) and at the end (nega- 
d as the dependent variable and con- tive) of the movement. We feel that these 
lled viewing time. The other experi- sharp transients occurring during accelera- 
ts measured the reaction time for re- tion may have seriously distorted the re- 
g motion and are not appropriate to sults by creating artificially low thresholds. 


i i levant 
ver th The second type of experiment re 
E R n has measured the 


Unfo T i Fenton to the above questio 
uper linear movement of 


66 . Their psy- motion thresholds for a : 
E e bles single or multiple stimuli (e.g. vertical 


ophysi i in, : 
E te dee AE lines, spots, and rectangles), although linear 


eth ` stimuli with a 5 : 
a CU movement on the retina does not simulate 


a j ing in depth. The general 

research was ted by The Netherlands an object moving 1n < : 
tute for Roo! Safety Research as part of its finding, beginning with Aubert in 1886 
ysis of Driving Task” project. We wish to (cited in Graham, 1965), is of motion 
Claude Bonnet for his helpful comments. thresholds for foveally viewed targets on 


d i nt to Lewis à j ; í 
E k MH n ps Department the order of 1 min, arc/sec, although both 
s | P + n 
Sychology, University of Colorado, Boulder, target luminance and exposure duration 


tado 80302. ly affect this value (Brown & Conklin, 
meee : i greatly affec i 
w at the University of Groningen, Groningen 1954; Graham, 1965). The most extensive 
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made the important distinction between 
‘isochronal (constant exposure duration) 
and isometric (covering a constant distance) 
motion thresholds. He found that iso- 
chronal thresholds (in minutes of arc per 
second) decrease with both increased target 
luminance and exposure duration. The 
lowest thresholds reported by Leibowitz 
(1955a) were about .25 min. arc/sec for 
targets of 500-mL. (1,600 cd/m?) luminance 
viewed for 16 sec. Other motion experi- 
ments (Henderson, 1971, for example, mea- 
sured the distance and/or exposure dura- 
tion required for threshold detection of a 
wide range of target velocities) have not 
measured speed as the dependent variable 
— and thus are not comparable to the above 
. experiments. 
.. The present experiment was designed to 
(a) simulate an object (the taillights of an 
automobile) moving toward or away from 
S; (b) measure threshold speeds, both in 
simulated real speed (kilometers per hour) 
and actual angular speed (minutes of arc 
per second) required for detection of the 
motion; and (c) compare these data with 
those in the literature. 


METHOD 


Apparatus. When an observer views, from dis- 
tance D, two spots of light separated by distance a, 
_ the visual angle, a, subtended by the two spots is: 


a = 2 tan! D [1] 


If the viewing distance D is changing at a constant 
rate v (D = v-t), where t is time in seconds, then the 
"y cs angular subtense of the two spots changes at a rate: 
da 4av 4av 


a7 aa  uerra V] 


If the angular separation does not exceed approxi- 
mately 5° and the angles are expressed in radians 
(Rs), Equations 1 and 2 simplify to Equations 3 
and 4, respectively; 


Bota 
E [3] 
dog Lao a 

| di Divum a] 


From Equations 2 and 4 it is seen that the angular 
velocity of two lights of fixed physical separation is 
negatively accelerated when they moye away from 


the observer at a constant velocity a 
accelerated when they move towa 
the angular separation of the two |i 
angular velocity are hyperbolic fun 
(see Pipes, 1967, for a detailed discu:- 
In order to simulate the effect of : 
moving in depth, an optical system 
from a 12-v. quartz-iodide bulb and i. 
Íront-surfaced mirrors, two separat: 
i-mm. aperture on a large curved 
One of the mirrors was fixed, while 
mounted on the shaft of a recording 
motor and could be rotated about it 
The net effect of this system was t! 
aligned horizontally, were projected o 
One was stationary‘ and the positio: 
was a linear function of the voltage s: 
galvanometer motor. The luminanc: 
at the screen was 21 cd/m?, 
An analog electronic circuit generat 
hyperbolic function to simulate the « 
ties of two lights 140 cm. apart (equ 
taillight separation of many Europea: 
either toward or away from SS with si: 
from 1.5 km/hr to 100 km/hr. Angu! 
from 3?12' to 3' could be generated 
real separation of 140 cm., these angu! 
correspond to simulated viewing dist: 
and 1,500 m., respectively. Additi 
controlled the exposure duration of 
means of a shutter in the optical 
background, when used, was projec 
curved screen by a separate projector 
of random lines drawn on a random dc: 
It had an average luminance of 1.65 c.i, m’. 
The Ss sat in a dark room in a chair i.c 
from the screen onto which the two s. 
were projected. To minimize autokine: 
and to maintain adaptation at a cons 
curved screen was placed 35 cm. in fro 
S observed the stimulus lights through 
slit 2.8 cm. high running across the v 
screen. At 35 cm., this slit had a vertical separ 
tion of about 4.5?, The luminance of this scree 
was maintained at 2.8 cd/m?, which prevent 
autokinesis, The stimulus spots, at the viewiM) 
distance of 25 m., were point sources for S. 
Subjects. Twenty-four students from the Sta 
University of Utrecht served as Ss in the mal 
experiment. Six other students were Ss in a pil 
experiment before the start of the main experiment) 
All Ss had normal or corrected normal vision. | 
Procedure, The experiment was a four-dime 
sional repeated-measures design with two dime 


* An automobile driver sits to the left (or right) 
of his car's midline, Thus, the left taillight of t 
followed car is closer to (or directly in) the prima) 
line of sight than is the right taillight. When “i 
following distance is changed, the left light W! 
remain stationary while the right one is shi 
laterally. This asymmetry of movement proba Ü 
has no effect on the measured thresholds. 


» and direction of movement) mea- 
©; and two dimensions measured 
sosure duration and presence of a 
ur independent variables ma- 
tial angular separation of the 
beginning of the exposure (2°, 1°, 
(b) exposure duration (4 sec., 2 
:c.); (c) direction of the horizontal 
spot relative to the other (inward 
) presence of the random textured 
or no). For an automobile with 
ion of 1.4 m., the angular separa- 
experiment correspond with the 
distances: 40.1 m., 80.2 m., 161 m., 
ively. 
Por any mental condition (back- 
und, exp: duration, direction of movement, 
angular uation), we wished to know what 
d of nx nt would allow S to detect the 
ment s constant percentage of the time, 
:» procedure was used. The 5 was 
mulus lights 40 times (with a con- 
paration, exposure duration, etc.) 
| speed, After each presentation, 
thought that the lights had been 
which direction, in or out relative 
ad no if he thought that they had 
1 standi ill. In 20 of the 40 presentations, 
really moving, and in the other 20, 
ling still (these probabilities were 
Che order of moving and nonmoving 
iom. For each series of 40 presen- 
d of motion and its direction were 
re each series, examples of the 
own. One experimental session con- 
© such series, each with a different 
eds were chosen to span the range 
‘ach detectability, thus bracketing the 
old” speed. Only one experimental condi- 
was tested during a single session. Usually 5 
ns a day were held for each 5, each with a 
nt angular separation at one direction of 
ion. The following day, the direction of motion 
versed. 
ata transformation. With the procedure de- 
bed above, a series of 40 judgments allows 
calculation of one hit rate- false alarm rate 
R-FAR) pair. This pair is only one point on a 
er operating characteristic (ROC) curve and 
self is not sufficient to calculate a detectability 
eter (d,, in the present experiment, see Egan 
"larke, 1966), since the slope, b, of the ROC 
must also be known. The linear equation 
to evaluate d, was: 


4, 22HR = FAR.) 
Rd (0-5 ^' 


HR, and FAR, are the s transforms of the 
nd FAR probabilities, and b is the slope of the 
curve. 
rder to estimate the value of slope b, two 
itional Ss made rating scale judgments (1 = cer- 
that the lights were moving; 5 = certain that 


pi sec., or. 

ement of 

outward ) 
round 


(s] 


the lights were stationary) for five of the experi | 
mental conditions, In each series, 400 stimulus | 
presentations were made: 200 moving and 200 sta- — - 
tionary in a random sequence, The obtained cumu- 
lative probabilities allowed the calculation of slope 
b from the ROC curve using a least squares curve- 
fitting procedure. The mean slope of the 10 ROC 
curves measured on these two Ss was .81, which 
compares well with the slopes usually found in other 
visual signal detection experiments. Since the slope ~ 
seems to depend more on the nature of the experi. 
ment than on inter-S differences, it was felt safe to 
use this mean slope of .81 as the value of b in 
Equation 5. Although it was somewhat inappro- 
priate to have used least squares curve fitting t 
calculate slope 5, later experience using the ma: 
mum-likelihood technique of Ogilvie and Creelman 

(1968) has given similar slopes which, however, - 
were sometimes not statistically different from a 
slope of 1.0 (see Janssen, 1971). In addition, small > 
differences between the value .81 and the “real” 
slope for a given S will have only small effect on the 
derived d, values, since the actual HR-FAR points 
in the main experiment lay close to the negative 
diagonal. j 

The next step was to derive the speed of move- 
ment for each experimental condition which would 
have given d, = 1.25 (1.25 corresponds to an un- - 
biased detection probability of .73 and istheequiva- — — 
lent of a traditional psychophysical threshold). For 
each experimental condition, two least squares equa- 
tions were calculated relating d, either to simulated. 
speed or to the logarithm of the speed. The equa- 
tion giving the best fit by the 7? criterion (usually | 
the log equation) was then used to calculate the 
threshold speed (d, = 1.25). 

The raw data for each S under each experimental , 
condition were transformed into threshold simulated — — 
speed (in kilometers per hour) using the above pro- .——— 
cedure, These s represent the speeds that - 
would cause Ss to detect the movement 73% of the — 
time if they had no response bias. 1 


RESULTS 


The results are discussed in three sepa- — — 
rate sections, each dealing with a different — — 
aspect of the data: (a) threshold speeds in - 
simulated kilometers per hour, (b) thresh- 
old angular speed in minutes of arc per — 
second, and (c) total angular distance — 
moved at the threshold during the expo- 
sure time. : 

Kilometers per hour. An analysis of | 
variance was carried out on the logarithms 
of the threshold speed in simulated kilom- 
eters per hour calculated in the experi- 
ment. The results of this analysis have 
been summarized in Table 1. A repeated 
measurements design was used with back- 


TABLE 1 


ANALYSIS OF VARIANCE: SIMULATED 
KILOMETERS PER Hour DATA 


i Source 4| Ms F 
Background (B) 1 .1306 | 1.03 
D ose (E) 3| 2.1272 | 16.75* 
BXE 3 0816 <1 
Residual between Ss (RBS) | 16 .2370 
Direction (D) 1 8762 | 52.46* 

DXB 1 .0000 «1 
DXE 3| .0927|  5.55* 
DXBXE 3 .0068 «1 
D X RBS 16 .0167 


-— Angular separation (A) 4| 15.0894 | 560.13* 
m AXB 4| .0120| «1 
"AXE 12 0461 1.71 
AXBXE 12 0442 1.64 
_ AX RBS 64 .0269 
DXA 4 1243 | 10.03* 
 DXxAXB 4 0081 <1 
DXAXE 12 0188 1,52 
~DXAXBXE 12 0187 1.51 
~ DXAXRBS 64 0124 
*p«.0 


- ground and exposure as between-Ss factors 
and direction and angular separation as 
within-Ss factors. 

The analysis showed that simulated view- 
ing distance (i.e., angular separation), di- 
.. rection of movement, and exposure duration 
all had highly significant effects on the 
threshold speed, while the presence Jor 
| absence of a textured background had no 
Significant effect. In the figures that follow, 
A the two background conditions have been 
" combined. Figure 1 shows threshold speed 

dn kilometers per hour as a function of 
viewing distance for simulated motion away 
from S with exposure duration as a pa- 
rameter. Figure 2 presents similar data 
-. for motion toward S. 

_ . As the analysis of variance indicated, 
thresholds were significantly lower when 
the motion of the moving light was away 
from the other (simulation of real motion 
toward S), as can be seen in a comparison 
of Figure 1 with F igure 2. Other aspects 
of these data are identical to those of the 
angular velocity data discussed below. 
Minutes of arc per second. In order to 
generalize these findings, the data in simu- 
lated kilometers per hour were converted 
to angular velocity in minutes of arc per 
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second. Using Equation 4 and « nvert 

to minutes of arc per second, c kilom: 
eters per hour threshold for e Sw 

converted into the angular velo: of th 
lights relative to each other at begin: 
ning of the exposure. The : ysis of 
variance gave exactly the sani — utcome 
as that of the kilometers per ! data, 
except for the main effect of ang. .r sepa- 
ration, which is half the size, F 64) 


286, due to the linear transfori: 
a,/sec = log a + log v — 2 k 
Equation 4). The conclusions d 
this analysis are, therefore, id. 
those of the analysis on the kilo: 


ers per 


hour data: Presence or absence o! — xtured 
background had no effect, whil .ngular 
separation, direction of moven  :, and 
exposure duration all showed | ly sig- 
nificant effects, 

Figure 3 shows threshold angul: — elocity 
as a function of angular separat or the 
different exposure durations, wi nward 
and outward movement combi: The 


main feature of Figure 3 is that « he two 
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FIGURE 1. Mean threshold speed in simulated 
kilometers per hour as a function of equivalent 
viewing distance in meters (angular separation) or 
different exposure durations. (Direction of simi- 
lated motion is away from S.) 
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„FIGURE ican threshold speed in simulated 
kilometers I ur as a function of equivalent view- 
ing distanc meters (angular separation) for 
different ex; ore durations. (Direction of simu- 
lated motio. Loward S.) 
spots get {her apart, the angular velocity 
necessary io detect motion increases. Note 
that just the opposite is true when thresh- 
olds are expressed in kilometers per hour 


(see Figures 1 and 2). With an exposure 
duration of 4 sec., motio threshold is only 
about .3 min. arc/sec when the spots are 
separated by 7.5 min, are. This threshold 
Increases to 3.5 min/sec when the separa- 
tion is 2°. 

For the larger angular separations, angu- 
lar velocity thresholds are lower when the 
relative motion of the spots was away from 
each other, but this difference disappears 
when the spots are closer together (Figure 
2). This interaction (D X A in Table 1) 
i$ significant beyond the .01 level of proba- 
bility. Angular velocity thresholds are 
lowered with increases in exposure duration 
(Figure 5), and there is a significant inter- 

action (D x E in Table 1) between direc- 
tion of movement and exposure duration. 
he reduction of threshold with increased 
€xposure duration is also evident in Figures 
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FACTORS IN THE DETECTION OF RELATIVE MOTION ——— 
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Ficure 3. Mean threshold speed in minutes of — 
are per second as a function of angular separation 
for different exposure durations. (Each curve is 
the mean of inward and outward motion and the 
two background conditions.) 


1, 2, and 3. The data suggest that thresh- 
olds are approaching an asymptote at the 


4-sec. exposure. 
Total angular distance. Since the angular 


velocities reported above are instantaneous 
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Ficure 4. Mean threshold speed in minutes of 
are per second as a function of angular separation 
for inward and outward motion of two spots. (Each 
curve is the mean of the four exposure durations 
and the two background conditions.) 
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- Ficure 5. Mean threshold speed in minutes of 

arc per second as a function of exposure duration 

or inward and outward motion of two spots. (Each 

curve is the mean of the four exposure durations and 
- the two background conditions.) 


values at the beginning of the exposure, 
and since these velocities were negatively 
accelerated when motion was inward and 

- positively accelerated when motion was 
, outward, the same initial angular velocity 

would cause the moving spot to travel 
farther in the outward direction than in 
the inward direction. To compensate for 
this asymmetry, the kilometers per hour 
threshold data were converted to the total 
angular distance traveled by the spots 
during the exposure. This transformation 
was achieved by evaluating Equation 3 at 
the beginning of the exposure (Do), and 
again at the end of the exposure, when D, 

- would equal (Ds + vf), where v is threshold 

speed and ¢ is exposure duration. 

. An analysis of variance was carried out 
on the log transforms of these data and is 
Summarized in Table 2. The most striking 
difference between the conclusions of this 
analysis and the two previous ones is that 
the direction of movement has become a 
marginal factor (p being slightly less than 
.05). It appears that, at threshold, the 
spot has to move a certain angular distance 
during the exposure time in order to be de- 
tected, and that the direction of movement 
makes little difference. The lower velocity 
thresholds found with outward movement 

may be largely attributed to acceleration 
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characteristics of the movement : 
fact that the spot, when movir: 
needs a lower starting speed tc 
same distance than when it mo 

Figure 6 presents total thresh« 

movement in minutes of arc : 
and outward motion combined 

tion of angular separation fo: 
exposure durations used in this « 

It is seen that the total angular 

required for threshold detectio: 
with increased exposure duratio: 

as the angular separation of thi 
creases, the total movement 

drops. 

Figure 7 presents graphical: 
clusion of the analysis of var 
there is only a slight differen: 
inward and outward movemeni 
Figure 7 with Figure 4). Anot 
tant feature of the data seen i 
is that the total movement r: 
motion detection increases wit! 
exposure duration. 

Figure 8 presents the ratio « 
tance moved to initial angular 
as a function of angular separa: 
four exposure durations. Th 
fraction,” in all but the .5-se: 


TABLE 2 


ANALYSIS OF VARIANCE: To: 
ANGULAR Movement Data 


creased 


tal dise 


posure, 


Source df 
Background (B) 1 
Exposure (E) 3 
BXE 3 
Residual between Ss (RBS) | 16 
Direction (D) 1 

DXB 1 

DXE 3 5 

DXBXE 3| .0053 

D X RBS 16| .0199 
Angular separation (A) 4| 7.5280 

AXB 4| .0146 

AXE 12 

AXBXE 12 

A X RBS 64 

DXA 4 

DXAXB 4 

DXAXE 12 

DXAXBXE 12 

D XA X RBS 64 
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. DISCUSSION 


Speed-disicnce. The most striking feature 
of the present data is the large effect of the 
Simulated viewing distance on the threshold in 
kilometers per hour. The results can be under- 
Stood in terms of an automobile driving situa- 
tion in which a driver, at night, must judge if 
he is traveling the same speed as, slower than, 
or faster than a car in front of him. This 
interpretation ignores, for the moment, other 
factors such as brightness changes, size changes, 
and dynamic cues, which could contribute to 
detectability in a real driving situation (see 
Janssen, 1971; Janssen, 1972; Janssen, Michon, 
& Buist, 1971). The present data predict, for 
example, that if a driver has 1 sec. to make a 
Judgment, a car 40 m. in front of him must be 
Moving about 8 km/hr faster or 5.9 km/hr 
slower if the driver is to detect the fact that 
the two cars are not moving at the same 

speed. These thresholds escalate to about 140 
and 115 km/hr, respectively, when the cars 
are 500 m. apart. These latter thresholds may 
seem surprisingly high until one attempts to 
make similar judgments while driving at night 
using only the information from the taillights 
of another car, No experimental data from 
an actual driving situation are yet available 
Or comparison. 


Threshold Distance Moved (min. arc) 
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Ficure 7. Mean angular distance moved at 
threshold during exposure as a function of exposure 
duration for inward and outward movement. (Each. 
curve is the mean of the five angular separations 
and the two background conditions.) 


The simulation data of Todosiev and Fenton 
(1966), an experiment criticized earlier on both 
psychophysical and procedural grounds, never- 
theless may be compared with the present 
data. Their results for 1- and 2-sec. exposures 
(the only identical exposure times in the two 
experiments) were taken from their Figures 5 
and 6 and converted to kilometers per hour. 
These thresholds are considerably lower than 
those found in the present study (see Harvey 
& Michon, 1971, for a graph comparing them). 
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Ficure 8. Mean Weber fraction (Aa/a) as a 
function of angular separation for different exposure 
s the mean of inward and 


durations. (Each curve i: d 
outward motion and the two background conditions.) 
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We think that this difference is due to the 
f Sharp transients caused by the infinite accel- 
eration of their spots from a resting state to 
some finite velocity. The two experiments are 

- in agreement on two points, however. The 

first is that thresholds for simulated motion 
toward S are lower than thresholds for simu- 
lated motion away from S. The second is 
that thresholds are not lowered with increases 
in exposure duration beyond 3-4 sec. 

- The finding that background made no dif- 
ference in the present study was unexpected. 
Leibowitz (1955b) found that reference lines 

- lowered motion thresholds for single targets 
when 16-sec. exposures were used, but not with 
.28-sec. exposures. Mates (1969), using an 
exposure duration of 6 sec., also found that 
reference lines lowered the motion thresholds 

— of a single target. It may be that the 4-sec. 

“exposure in the present experiment was not 

long enough for background to make an effect. 

A more reasonable explanation is that back- 

ground provides no additional information in 

relative motion tasks not already provided by 

. the two stimulus spots. Kinchla and Allan 
(1969) predicted that when spots are farther 

apart than 8°, motion judgments will be ab- 
solute, not relative. Kinchla (1971) reported 

that two spots had to be closer than about 5? 
in order for displacement thresholds to be 
lowered. Although Kinchla did not use moving 
stimuli, his results suggest that in the present 
study, where the stimuli were 2? and closer, 
the task would not have been helped by addi- 
tional information from the background. 

Angular speed. The range of thresholds 
reported in Figure 3 is comparable to those in 
the previous literature, although the differ- 
ences in experimental stimuli make us cautious 
about the propriety of comparisons. Aubert's 
(cited in Graham, 1965) lowest threshold for 
centrally viewed moving lines was about 1 min. 
arc/sec, while Leibowitz (1955b) reported a 
range of .25 to 34 min. arc/sec depending on 
exposure duration and luminance. 

Although never put to an empirical test, 
Kinchla has suggested (Kinchla, 1971; Kinchla 
& Allan, 1969) that his comprehensive analysis 
of discrete movement is also applicable to 
continuous motion as well. Kinchla extin- 
guished a spot of light, and following an 
interval of .5 sec. or 2.0 sec., the spot re- 
appeared, displacing 7,8 min. of arc. Kinchla 
reported that the detectability for this dis- 
placement was lower for a 2.0-sec. interval 
than for a .5-sec interval, The present data, 
using continuous motion, offer an explanation 
for this result. Displacements of 7.8 min, 
within .5 sec. or 2.0 sec. correspond to con- 
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tinuous motion of 15.6 and 3.9 miv «re/seo, 
respectively, which differ by a fac of 4.0, 
An inspection of Figure 3, howe shows 
that motion thresholds fall only b factor 
of about 2.5 when exposure durat. : is in- 
creased from .5 to 2.0 sec. Thus, | nchla's 
2.0-sec. stimulus was closer to its eshold 
than the .5-sec. stimulus, resulting lower 
detectability. 

Angular distance traveled. The pose of; 
calculating the total angular mov: ent at 
threshold during the exposure was to »mpen- 
sate for the stimulus differences be: <en in- 
ward and outward motion. The dife ‘ices in 
threshold between the two directi were 
found to be almost, but not entirely, e! inated 
in this way. It thus seems likely it the 
lower thresholds found when the : iion is 
toward S (one spot moved outwa: lative 
to the other) is due to the accelera: char- 
acteristics of the movement, altho: there 
may still be some detection asymm« in the 
retina. The threshold angular dista:. s (see 
Figure 6) range from 13 min. arc : 4-sec. 
exposure and 2? separation to a low 5 min, 
arc for .5-sec. at 7.5-min. separation 

Figure 7 shows that although ino ses in 
exposure duration lower motion t: -sholds 
(Figure 5) at the same time, the tot ngular 
distance moved increases. One expla. ‘ion for 
this increase could be the greater n. uber of 
eye movements (both voluntary and volun: 
tary) that can occur during the lon- `r expo- 
sures. Körner and Dichgans (1957) and 


Dichgans, Körner, and Voigt (1969) have found 
that a moving target appears to move more 
slowly when it is tracked than when the eye 
is fixed and does not follow it. Thus, lower 
motion thresholds might be expected with the 
longer exposure durations if these eye move 
ments were eliminated. Do not forget, how- 
ever, that although the total movement 1- 
creases, the threshold angular velocity and 
simulated real speed are both lowered with 
increases in exposure duration. ; 

Kinchla and Allan (1969) suggested in thelr 
theoretical analysis that a Weber law fof 
motion operates such that Aa/a (threshold 
angular distance divided by the angular sepa 
ration of the two spots) equals a constant 
Duckstein et al. (1970) assumed that Aa/a 
had a constant value of .07 for the purposes 
of their car-following model. This ratio shoul 
not be confused with Aw/w (just-detectable 
velocity divided by velocity; see Brown, 1960). 
Figure 8 shows that this Weber fraction is not 
constant, but varies both as a function 0 
angular separation and exposure duration. As 
in Figure 7, the greatest sensitivity occu 


with an »ure duration of .5 sec. With 

each exp e duration but .5 sec., the mini- 

mum sen ity occurs with a spot separation 
of 15 mi: This separation is of the same 
order of : itude as the diameter of ganglion 
cell rece felds in the central vision of 
the cat a onkey and suggests that further 
research otion thresholds could fruitfully 
relate sı dings to other psychophysical 
functions cting underlying receptive field 
structur« ctainly, further research is re- 
quired t fy these relationships. 
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— Prolonged viewing of optically displaced , 
arm movements produces changes in eye- 
- hand coordination that are related to the 
"direction and magnitude of the optical dis- 
placement (Efstathiou, 1969). Response 
- alteration following optical rearrangement, 
however, is not confined to the visual 
system; Hay and Pick (1966), Harris 
-. (1963), and others have reported concur- 
rent changes in audition (ear-hand co- 
ordination) as well as in proprioception 
(pointing straight ahead without visual 
guidance of the arm). 
Generalization of adaptation to non- 
- visual targets following visual rearrange- 
- ment has led to several theories of sen- 
-sorimotor adaptation (Epstein, 1967; Rock, 
S 1966), the most successful being the “pro- 
- prioceptive change" hypothesis proposed 
by Harris (1963). According to this 
theory, changes in pointing to visual (or 
nonvisual) targets produced by viewing 
‘ prism-displaced arm movements are the 
end product of changes in proprioception ; 
or, more specifically, of changes in the felt 
Position of the limb viewed through the 
. displacing spectacles, A S viewing his arm 
. displaced through prisms comes to feel his 
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ADAPTATION TO DISPLACED HEARING: 
A NONPROPRIOCEPTIVE CHANGE! 


H. H. MIKAELIAN? 
University of Georgia 


Changes in ear-hand and eye-hand coordination were measured following two 
conditions of exposure to sensory rearrangement : (a) auditory rearrangement 
with psuedophones, and (b) visual rearrangement with wedge prisms. The 
results show that listening through pseudophones that rotate the interaural 
axis by 30? produces systematic changes only in ear-hand coordination, 
while following visual rearrangement that displaces the field laterally by 10°, 
both eye-hand and ear-hand coordinations manifest response alterations. 
The results are discussed in arguing against the generality of the proprioceptive 
change hypothesis of adaptation to sensorimotor rearrangement. 


lucing 
` arm 


arm where it appears to be, thus ; 
a change in the felt position oí 


relative to his body. In reach! for a 
target subsequently viewed with © naked 
eye (arm not visible), he will e his 
arm until it feels to be in the rrect'" 
place, but it will actually be où :o one 
side due to the proprioceptive -hange 
(aftereffect of adaptation). S the 
change is in the felt position of arm, 
pointing to an auditory targe: or just 
simply to straight ahead will mar. est the | 
"adaptive" shift (Harris, 1965). | 
Proprioceptive change is not, œ course, 
confined to the arm. It would be possible, 
with appropriate exposure conditions, to 
generate shifts in the felt position of the 
head relative to the rest of the body. 
Such a change will result in modifying any 


response that entails head or head-body 
orientation, such as egocentric localization. 
Although the “proprioceptive change” 
theory of adaptation is elegant and eco- 
nomical, its generality as a process under- 
l 


lying sensorimotor adaptation is not estab- 
lished. The theory has emerged from 
studies of visual rearrangement, and among 
other things, needs to be examined in 
experiments where adaptation is produced 
by exposure to nonvisual distortion. : 

If changes in proprioception are basic 
to the production of adaptation to sensory 
rearrangement, then intermodal general- 
which proprioceptive 


ization, reflects 


Mikaelian, Department of Psychology, University change, should be evident following adap- 
of Georgia, Athens, Georgia 30602. tation to nonvisual rearrangement. Audi- 
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tory dis -ement provides an adequate 
conditio: `n which to test this possibility. 
Adaptat to auditory rearrangement is 
usually : duced by having a blindfolded 
S move hand-held sound source while 
listening ugh pseudophones that func- 
tionally te the interaural axis. The 
direction :d magnitude of the differences 
between and postexposure localiza- 
tions of iuditory target are system- 
atically ed to the rotation of the 
interaur s (Freedman, Wilson, & Re- 
kosh, 1 Mikaelian, 1972). If pro- 
priocept hange or an alteration in the 
"felt pos on" of the limb occur during 
exposur: auditory rearrangement, as 
the prc eptive change theory would 
stipulat: n shifts in auditory localiza- 
tion sh be accompanied with cor- 
respond hifts in visual as well as in 
other pi »veptive responses. The fol- 
lowing t xperiments were performed to 
explore t se possibilities. 
EXPERIMENT I 

Experi: ot I was designed to measure 
changes visual localization following 
adaptatic.. to auditory rearrangement. 
Method 

Subjects. ‘The Ss were 12 undergraduate and 
graduate students with mo apparent auditory or 
visual defect 

Apparatu The experiments were conducted in 
an anechoi: chamber. The pseudophones were à 
pair of hi directional condenser microphones 
(Altec 21 rophone compliment) fitted with 
plastic cast pinnae. These were mounted 19 cm. 


apart on a lucite bar measuring 5 X 20 X 0.6 cm. 
and pivoted at its center on the metal connecting 
band of a headphone set. When the headphone 
was worn by S, the lucite bar supporting the 
microphones rested on his head and could 

rotated in the horizontal plane. Pointers on the 
headphone indicated pseudophone rotation in de- 
grees. The output from each microphone was 
amplified separately (Western Electro Acoustic 
Laboratory Type 100 D/E amplifier) and fed into 
its corresponding left or right headphone (Per- 
moflux PDR-8). The desired angular displacement 
of the interaural axis could be produced by rotating 
the lucite bar, which in turn displaced the auditory 
field laterally towards the leading ear. Addition- 
ally, the pseudophones effected an 18-cm. func- 
tional elevation of the ears. Most Ss could readily 
externalize the sound heard through the earphones 
When the artificial pinnae were in place on the 
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microphones. For others, gross head : 
for 2-3 min. with sound targets switched on \ 
sufficient to lateralize the sound externally. Once. 
this was achieved they had no further difficulty. 
The testing apparatus was a semicircular Ma: 
sonite board (50 X 240-cm. Masonite curved to 
radius of 75 cm.) that was mounted on Dexi 
frames at eye level. It served to support 
targets and the paper on which S, seated with hi 
head on a chin rest at the geometric center of the 
curved board, marked their perceived location. - 
The targets consisted of an earphone (audit 
target) and a dim point light source (visual targe! 
adjusted to threshold in the dark at the start 
each experimental session). These were mounted — 
on a wooden block hung on the curved board just. | 
above the marking paper at the level of the arti- 
ficial pinnae. The position of the target block on 
the test apparatus could be varied; for the present | 
experiment, target position was varied randomly. 
during training but was 8° left or right of straight 
ahead during testing. The relatively frontal target 
test positions were chosen to reduce substantial 
stretching of the arm that would have otherwise 
been necessary for S to locate a target whose 
orientation was displaced 30° laterally by th 
pseudophones. : 
Procedure. Training, exposure, and testing (car- — 
hand coordination) procedures used in this experi: 
ment were similar to those reported earlier (M. 
kaelian, 1972). During training S, listening 
through pseudophones in normal orientation (pseu- 
dophone axis parallel to interaural axis), practiced. 
pointing at the sound target with vision occluded 
and head on a chin rest. The stimulus emitted. 
by the target was generated by a. Grass stimulator 
(Model S-4CR) and consisted of wide-band pulsed 
noise at 65 db. (re .0002 dynes/cm*) at the ear 
with a 30-msec. on and 60-msec. off sequence. 
It was switched on by Æ for as long as necessary 
for S to locate the target. During training S was 
informed of his response errors. Training with 
both hands was completed prior to the beginning 
of the experimental session. 
Eases ee moving the hand-held sound . 
source, emitting à train of pulses with the same | 
parameters as the test signal, in a semicircular 
path around the head (180°) while listening through 
pseudophones with axis rotated by 30°. The S 
was instructed every 2 min. to rest his arm fo 
15 sec. S 
Testing consisted of (a) ear-hand coordination, 
for which S, listening through pseudophones with — 
axis rotated by 30° and eyes occluded by the — 
opaque goggles, marked the position of the auditory | 
target on the test apparatus (preexposure test. 
markings always manifested a 30° angular dis- 
placement relative to those made during training 
with the pseudophones in normal orientation); and 
(b) eye-hand coordination, where S marked the 
position of the visual target in the completely: 
darkened room by pointing and marking at shoulder 
level the orientation of the visual target in rela- 


CHANGES (IN DEGREES) IN EAR-HAND AND EYE-HAND COORDINATION AFTER 
20 MIN. OF INTERAURAL Axis ROTATION 


TABLE 1 


Leít ear leading Right ear leading 
Ss Left hand Right hand Left hand Right 
A M A v A v A Vv 
4.0 $ 
1 4.5 0.0 2.5 0.0 2.3 0.0 j 
2 2.3 0.0 6.0 5 3.5 1.5 4.2 | 1.0 
3 5.5 0.0 1.0 1.0 -1.0 0.0 2.5 | 1.0 
4 14.5 aj =.9 0.0 2.0 1.5 14.5 | 1.6 
5 2.8 0.0 —1.8 0.0 —1.8 0.0 —3.5 1.8 
6 24 8 -42 0.0 3.0 i 125 | o0 
7 9.5 5 8.0 0.0 9.3 5 15.7 | 2.5 
8 2.5 0.0 15 1.0 2.75 —1.0 2.5 | 0.0 
9 -42 5 —1.8 0.0 8.5 —2.0 3.8 | 11 
..10 3.9 —1.0 13.0 = 2.0 0.0 —2.0 | 0,0 
E 4.0 E 4.0 -2:5 TS 0.0 2.0 | 7 
12 1.0 —1.0 —2.0 —2.25 2.0 0.0 5.75 1.5 
-M 4.06** .09 2.08 =.23 2.84** 0.08 4.23* Al 
% 13.5 6.9 9.4 14.1 
Note. Abbreviations: A = auditory, V = visual. 
Dp «01. 
tion to himself. The S was instructed to place Results 


the visual localization marks at shoulder level to 
“Separate them from the auditory markings, which 
were placed immediately below the auditory targets, 
as well as to avoid possible sight of his marking 
hand. The visual markings were, on the average, 
no less than 43 cm. below the dim visual target. 
- Gross head movements during both tests were 
reduced with the use of a chin rest. Each target 
was localized five times. Position of the target 
4 left or right or straight ahead was randomized, 
l but remained constant for a given experimental 
Session, 
_ An experimental session consisted of preexposure 
tests of ear-hand and eye-hand coordinations, then 
‘posure to auditory rearrangement lasting 20 min. 
With vision occluded (opaque goggles), followed by 
Postexposure tests of ear-hand (tested first) and 
eye-hand coordinations, Since ear-hand tests were 
always made with the pseudophones rotated by 30° 
(as during exposure), changes in postexposure ear— 
hand tests measured adaptation. Fi urthermore, it 
was felt that testing ear-hand coordination first 
following exposure was essentially equivalent to 
continued rearrangement, a procedure that pre- 
vented decay of adaptation that was shown to 
occur when eye-hand was tested first. Pilot ex- 
periments involving five Ss showed no differences 
in eye-hand coordinations when, following exposure, 
these were measured before and after ear-hand 
tests. Direction of pseudophone axis rotation (left 
or right ear leading) and the arm used for exposure 
were counterbalanced. 


5 


P 


The results are shown in Table The 


numbers indicate, in degrees of «ngular 
displacement, the mean difference | etween 
the centroids of the pre- and posi “posure 
target localizations. Positive iditory 
measures indicate directional changes that 
compensate for the auditory disp!acement 
initially induced by the pseudophones. 


Negative numbers represent nonadaptive 
changes. Positive visual measures indicate 
changes in eye-hand coordination that are 
in the same direction as the adaptive 
auditory changes, , 

The data show that adaptive shifts in 
ear-hand coordination occur following au- 
ditory rearrangement. The one condition 
where these shifts fail to reach statistical 
significance, ¢ (11) = 1.5, p > .05, is the 
left-ear-leading-right-hand exposure condi- 
tion, where the changes in ear-hand co- 
ordination are quite variable. No sys- 
tematic and reliable concurrent changes in 
eye-hand coordination are observed fol- 
lowing any of the rearrangement condi- 
tions. Mean differences between visual 


SII D SIS 
AMT A 


ry localization, except for the 
ling-right-hand exposure condi- 
ıtistically reliable, £ (11) = 3.8, 


and auc 
left-ear-: 
tion, ar< 
p< 01 


EXPERIMENT II 


Expe t II was designed to essen- 
tially cate earlier studies on the 
generali n of visual adaptation using 
the eq nt and test procedures de- 
veloped Experiment I. The purpose 
was to rmine whether adaptation to 
visual d tion would produce significant 
shifts ir Jitory localization as measured 
by the p: ent test procedures. 

Method 

Subject \ new group of 15 students without 
any appa aring or visual defects was recruited. 

Appar \pparatus was the same as before, 
except fo additional use of binocular wedge 
prism go 

Proced. Training and test procedures for 
ear-hand cye-hand coordination were as before. 
Exposure edure consisted of Ss viewing arm 
movemen:- ‘rough binocular wedge prisms. The 


iounted base right on goggles worn 
ometry of the arm movements was 


the same hat in Experiment I. Pseudophones, 
with the in normal orientation, were worn 
during the -ntire experimental session, with S's 
head stab ! on a chin rest. 

An exp: ental session consisted of preexposure 


tests of e. hand coordination, with eyes occluded 


and the p:cudophones in normal orientation, and 
eyechand coordination with the targets viewed 
through the wedge prisms. Auditory localization 
was thus inediated through the pseudophones (to 
allow for comparison of the results with those of 
Experiment I) and visual localization entailed the 
prism-induced initial displacement. Following 20 


min. of moving the arm (right arm only) around 
the head while viewing it through the prisms, 
Postexposure tests of eye-hand and ear-hand co- 
Ordination were made, in that order, with the 
pseudophones still on S’s head and the targets 
viewed through prisms. As before, S was not 
allowed sight of his marking hand during either test. 


Results 


The results are shown in Table 2. The 
numbers indicate, in degrees of angular 
displacement, the mean difference between 
the centroids of the pre- and postexposure 
target localizations. Positive visual mea- 
sures indicate changes that compensate for 
the prism displacement. Since eye-hand 
coordination was tested with prism vision, 
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TABLE 2 A 


CHANGES (IN DEGREES) IN EAR-HAND AND i 
EvE-HaND COORDINATION AFTER 20 MIN. 
OF EXPOSURE TO 10° LATERAL 


DISPLACEMENT 
s Ear-hand Eye-hand 
coordination coordination. 
1 10.0 6.5 
2 7.0 4.0 
3 6.5 8.2 
4 5.5 3.0 
5 6.5 5.3 
6 6.0 4.0 
7 9.8 3.3 
8 10.0 2.8 
9 8.5 5.6 
10 10.0 2.6 
11 10.0 6.3 
12 7.0 7.0 
13 -5 4.0 
14 4.0 3.3 
15 4.5 3.6 
M 6.9* 4.6* 
Adaptation 46% 
*p <0. 


they represent adaptation measures. Posi- — 
tive auditory measures indicate changes in 
ear-hand coordination that are in the same | 
direction as the adaptive visual changes. — - 

The data show that significant adaptive — 
shifts, ¢ (14) = 10.7, p < .01, in eye-hand: 
coordination occur following visual rear- 
rangement. Systematic changes in audi- - 
tory localization also occur following visual 
rearrangement, with the auditory shifts — 
being reliably larger than the visual, ¢ (14) © 
= 2.7, p < .02. 


DISCUSSION 


The results of Experiment I show that — 
20 min. of exposure to auditory rearrange- - 
ment produces significant auditory adaptation. Y 
but fails to systematically modify eye-hand . 
responses. Although occasional changes in - 
visual localization are evident, these are not - 
correlated with the magnitude of the con- - 
current auditory shifts. The results of E 
periment II indicate that following visual » 
rearrangement changes in both visual and 
auditory localization occur in line with earlier — 
findings. 

These data indicate clear-cut differences in 
the sensorimotor shifts produced by the two — 
rearrangement conditions and argue against 
a common underlying proprioceptive change . 
as an explanation for sensorimotor adaptation 


“the two types of sensory distortion. To 
gin with, 20 min. of visual rearrangement 
"produces substantially greater percent adapta- 
tion (by a factor of 3) than auditory rear- 


rangement. While the disproportionate adap- 
tation may possibly be due to the difference 
in the degree of sensory rearrangement be- 


: 


| tween the two conditions, as audition was 


splaced more than vision, evidence in the 
literature indicates otherwise. Varying de- 
grees of sensory rearrangement produce dif- 
ferent absolute magnitudes but equivalent 
ercent adaptation (Ebenholtz, 1966). Our 
ndings, therefore, suggest that different pro- 
. cesses may be operating in generating the 
adaptive shifts. 
The difference in magnitude between eye- 
and and ear-hand shifts following visual 
rearrangement further argues against the 
generality of proprioceptive shifts. If adap- 
tation to visual distortion is the product of 
a change in the felt position of the arm, as 
~ Harris (1963) asserts, then both response 
‘modes should have manifested equivalent 
alterations. The present data suggest that 
processes other than proprioceptive change 
may also be involved in the generation of 
visual adaptation. 
- A last point concerns our failure to obtain 
intermodal generalization. Nonauditory tar- 
get localizations remained unaltered following 
auditory rearrangement, that is, the induced 
Sensorimotor changes were confined to audi- 
tory responses only; a fact that is contrary 
o predictions of the proprioceptive change 
theory. A shift in the felt position of the 
“arm should produce sensorimotor displace- 
ments regardless of the modality used to guide 
the manual response. Such a failure of the 
Sensorimotor changes to generalize clearly 
indicates that, at least for auditory adapta- 
tion, the proprioceptive change theory is not 
equately predictive. 
Various theoretical formulations of pro- 
cesses underlying adaptation have been evalu- 
; ated by Harris (1965) on the basis of their 
predictions concerning intermodal generaliza- 
oia UAR e earns 
: eory of adaptatioi s 
by Held (Held & enn. (pta 
basis that it predicted adaptation to be con- 
fined to the sensory system that was rear- 
ranged. The specificity of adaptation shown 
by our results is in line with predictions of 
that theory. It should be pointed out, how- 
ever, that although our findings do not sup- 


port a proprioceptive change hypothesis of 


adaptation to auditory rearrangem: t, 
do not, of course, exclude the possi! 


such changes occur in visual rearra ement, 


and point to the need for furthc. experi- 
mentation to explore the issue. 

One additional feature of our pres t data 
needs to be underscored. With  ‘t ear 
leading, larger adaptive shifts are duced 
when the sound source is moved by he left 


with 
duced 
se dif- 


ance, 


than by the right arm: Symmetric: 
right ear leading, larger shifts arc 

with right-arm exposure. Although 
ferences do not reach statistical si; 
they are similar to observations re; 
prism studies, where the magnitude o 
tion appears to be a function of a con 
of prism base orientation and the : 
of the limb viewed during rearr: ment 
(Mikaelian, 1970). Whether this is roce- 
dural artifact is not clear and : 1 be 
determined by additional studies. 


lapta- 
:ation 
rality 
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TESTING TAPPING TIME-SHARING * 


BARRY H. KANTOWITZ? Axp JAMES L. KNIGHT, Jr. 


Purdue University 


\ Fitts’ law tapping task was combined with a serial digit-naming task having 
four levels of stimulus-response complexity. Baseline data were also estab- 
lished for tapping and naming tasks performed singly. 
performance, an increase from 3.9 to 10 bits/sec required by the tapping task 
vas accompanied by a decrease in performance on the naming task, When 
ingle- and simultaneous-task performance were both analyzed, an interaction 
between tapping and naming was obtained, supporting a limited-capacity 
channel. However, when only simultaneous-task performance was evaluated, 
effects of tapping and naming were additive, supporting a stage model of in- 
Results stressed the processing demands of a response 


formation processing. 
execution and control stage. 


Three | irent models of human infor- 
mation cessing offer general explana- 
tions o ention and time-sharing. The 
first m originally proposed by Broad- 
bent | is a relatively amorphous 
limited icity channel. While this model 
has bec — xtremely useful in guiding much 
researc! persistent problem has been 
specify the locus of limited-channel ef- 
fects. cond model, the variable-alloca- 
tion-cap. .ty model (Kahneman, 1973; 
Moray, 67) denies the existence of any 
limited: .onel bottleneck in information 
Processi An apparent bottleneck re- 
sults fc^: the nonlinear supply of effort 
as more c:pacity is demanded. While total 
capacity increases as a function of demand, 
this increase is at a slower rate than the 
increase in capacity flowing to the primary 
task, so ihat the net outcome is a decrease 
in spare capacity as more capacity is 
demanded. A third class of models pro- 


Poses a series of information-processing 
stages with quite specific kinds of informa- 
tion processing associated with each stage, 
eg. Smith (1968) has proposed a stage 
model based upon four major stages of 
information processing : stimulus encoding, 

1This research was supported by Grant MH- 
21169 from the National Institute of Mental Health. 
These data were presented at the meeting of the 
Western Psychological Association, Anaheim, Cali- 
fornia, April 1973. The helpful comments of 
Charles Snyder are gratefully acknowledged. 

* Requests for reprints should be sent to Barry 
H. Kantowitz, Department of Psychological Scien- 
i ae University, West Lafayette, Indiana 


In simultaneous-task 


categorization, response selection, and re 
sponse execution. The serial stage model - 
(Sternberg, 1969) is a more sophisticated | 
system which is antithetical to limited- | 
capacity and variable-allocation-capacity ~ 
models. For instance, the capacity allo- | 
cated to a particular stage in the serial - 
model is not influenced by the capacity — 
allocated to any other stage. A 
Time-sharing performance can be evalu- : 
ated either by presenting stimuli in rapid | 
temporal succession or by requiring the | 
simultaneous performance of two distinct | 
tasks (see Kantowitz, 1974, for a discussion 3 
of the logical and methodological attributes | 
of each method). The present experiment - 
combines two distinct tasks, and the gen- 
eral finding in such paradigms has been - 
a performance decrement in either or both 
of the two component tasks, provided that. 
the processing requirements of the com 
bined tasks exceeded the available channel | 
capacity. Thus, Keele (1967) obtained — 
simultaneous-task decrements with com= 
ponent tasks of serial reaction time (RT) ` 
and counting backward. F urthermore, 
low-compatibility stimulus-response map- 
pings were more subject to interference 
from the other component of the time- - 
shared task. However, no attempt wasii 
made to localize these limited-channel ef- A 
fects, and indeed the use of self-paced 
tasks for both components of the dual-task- 
set makes such localization difficult. ; 
More recently, attempts have been made - 
to localize these simultaneous-task per- 3 
formance decrements within the framework — 
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of a stage model of information processing. 
Briggs, Peters, and Fisher (1972) used 
"component tasks of tracking and binary 
classification and interpreted their results 
as localizing simultaneous-task decrement 
"at the stimulus encoding stage. This inter- 
‘pretation is at odds with other studies of 
attention (Kantowitz, 1974; Posner & 
Boies, 1971), which have concluded that 
encoding does not require processing ca- 
pacity, whereas response stages often are 
the bottleneck in information processing. 
Using a probe RT task, Posner and Keele 
(1969) and Ells (1973) were able to docu- 
» ment attentional demands of response 
Es execution. However, their findings were 
- not specifically related to one of the three 
Ad classes of models previously mentioned. 
_ Studies of response execution have been 
largely limited to those contained within 
.& framework established by Fitts (1954), 
who first conceived of the motor system 
___as being capable of generating information. 
Fitts established an index of motor task 
difficulty (ID) based upon both the Weber 
fraction and the information metric: ID 
-= log»2A/W, where A indicated the move- 
ment amplitude and W the movement tol- 
erance or target width. The linear rela- 
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~ tion between movement time (MT) and ID 


E is known as Fitts' law and has often been 
. replicated. It is generally agreed that the 
‘Fitts’ law task, tapping between two tar- 
gets separated by distance A, primarily im- 
| poses demands on the fourth, or response 
"execution and control, stage of information 
a Processing. Fitts and Radford (1966) tried 
to manipulate the output capacity of the 
motor system by varying cognitive sets for 
speed vs. accuracy and by allowing unlimi- 
ted preparation for a movement, operations 
that would be expected to affect the re- 
sponse selection stage of information proc- 
essing; no effect of these variables was ob- 
tained. Fitts and Peterson (1964) used a 
discrete-trials procedure and concluded that 
RT and MT reflect independent processing 
-stages. This conclusion was modified by 
. Kantowitz (1969), who used a double- 
. stimulation paradigm in conjunction with 
the Fitts’ law task. Movement time was 
affected by interstimulus interval in the 
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: linear 
n both 
litions, 


double-stimulation task, althoug! 
Fitts’ law function was obtaine: 
single- and double-stimulation c 


Since no interaction between ID : 1 inter- 
stimulus interval was obtained either 
RT or MT, Kantowitz concluded at RT 
and MT reflect additive, rather i! a inde- 
pendent, processing stages. wever, 
while these studies support the cc  ention 
that the Fitts' law task can be alized 
in Stage 4, they are mute rega: ig the 
possibility that divided-attentio: effects 
might also be localized in a respon. execu- 
tion and control stage, since all olved 
single- rather than simultane s-task 
performance. 

The interpretation of an earli study. 
(Kantowitz, 1972) is contingent © -n the 
attentional demands imposed by ` con- 
tinuous Fitts’ law tapping task. K: .owitz 
(1972) used the tapping task as inter- 
polated task in a study of sh term 
motor memory and found no ct of 
increasing interpolated task diffi y (in 
bits/sec). The interpretation : Je of 
that finding was based upon the ump- 
tion, tested in the present study it an 
increase in tapping task difficult: as de- 
fined by bits/sec of transmitted orma- 
tion causes a concomitant increas: in the 
attentional demands associated with the 


tapping task. 

The present experiment evaluates the 
attentional demands of the Fitts’ law 
tapping task when it is used as one com- 
ponent of a multiple-input-output task. | 
The remaining component is a serial RT 
task with four levels of stimulus-response 
complexity. The serial RT task has not 
been considered as placing great loads 
upon the fourth, or response execution 
stage, of information processing (Smith, 
1968). Thus, such a stage model might 
predict that the two tasks can be com- 
bined without decrement, while limited 
channel and variable allocation models 
would predict a decrement. Furthermore, 
if a decrement is obtained, it is of some 
interest to discover how this decrement 
changes as a function of stimulus-response 
complexity given the findings of Keele 
(1967). 
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TESTING 
METHOD 


"ourteen undergraduate students of 
‘icipated in the experiment to satisfy 
^nts in introductory psychology. 
1n in-line display unit (IEE Se- 
vd to present digits for the serial 
Verbal responses to these digits 
a contact microphone which was 
\ preamplifier, to a Heathkit voice- 
which actuated a stepping switch, 
the next digit. The verbal re- 
so manually recorded by E and 
'r accuracy. 
ipparatus was similar to that used 
1969). Two targets were placed 
ibout the in-line display. These 
ither both be .5 in. (1.27 cm.) or 
) wide. The narrower target pair 
»y a center-to-center distance (A) 
15 cm.), while the 2-in. pair of 
rated by 4 in. (10.16 cm.). Tap- 
overshoots and undershoots) were 
ded. Tapping rate was paced by 
‘rronome at 2 taps/sec. A Hunter 
trolled trial duration. 
levels of tapping were used. In 
ation condition using the narrow 
transmitted 10 bits/sec if tapping 
ror. In the low-information condi- 
wider targets, S transmitted 3.91 
ing was without error. 
is-response complexity mappings 
m those used by Schvaneveldt and 
(1970). The Ss were instructed to 
ve digit that appeared (N), respond 
resented minus 1 (N — 1), respond 
presented plus 3 (N + 3), or respond 
the digit presented (9 — N). Fac- 
tion of tapping and digit-naming 


» a total of 8 experimental treatments. 
to these 8 simultaneous tasks, 6 more 
vatments were obtained by presenting 
the tapping task alone and the naming task alone. 
These 14 experimental treatments were arranged 
ina 14 x 14 digram balanced Latin square; each 
S was randomly assigned to one row of this Latin 


Procedure. Instructions emphasized accuracy and 
pacing requirements of the tapping task: “You 
should always try to get through as many digits 
as possible in each trial, but remember it is pri- 
marily important that you keep in close time with 
the metronorhe and accurately hit the target 
plates.” To initiate a trial, S placed his stylus 
On a small round button below the in-line display. 
This was followed by the onset of a digit series 
9r metronome clicks, or both, depending upon the 
treatment being administered. Trial duration was 
90 sec. While the tapping task was pa 
Tate of 2 taps/sec, the digit task was self-paced. 
Digits were randomly drawn from t s 
hese digits formed a 52-item sequence which was 
used for all Ss and conditions. 


ata 
he set 1-8. 
If S responded to 


TAPPING TIME-SHARING _ 


TABLE 1 


Mean Correct DIGIT RESPONSES AS A FUNCTION 
or TAPPING CONDITION p 
x 


Digit-naming condition 


Tapping : 
condition ITE ala prc i tr RS 
N N-1[N-c3|9—N 
High 77.4 | 62.1 | 52.1 | 56.5 | 62.2 
Low | 81.1| 72.5 | 59.8 | 63.4 | 69.2 
No tapping | 109.7 | 83.1 | 73.4 | 68.8 | 83.8 
X 894 | 72.8 | 61.8 | 62.9 


more than 52 digits during the 90-sec. trial, the — 
series repeated itself. The intertrial interval was —— 
approximately 45 sec. 


RESULTS AND DISCUSSION 


The effects of tapping upon digit naming 
are presented in Tables 1 and 2. Table 1 .— 
shows the number of correct digit responses | 
in the self-paced naming task. "Thus, when 
the serial RT task was presented alone, 
Ss in the compatible (N) condition were 
able to name almost 110 digits correctly, 
while the same Ss in the most complex 
(9 — N) condition named only 69 digits — 
correctly. This measure of performance 
differs slightly from that in the usual 
serial RT task where the number of digits 
is fixed and the time to respond to this 
fixed number of digits is recorded. The 
present procedure fixes the time to respond 
(90 sec.), and the number of responses is 
recorded. In general, Ss will emit more 
responses in conditions having lower in- 
formation load. Effects of tapping con- 
dition, F (2, 26) = 78.38, p < .001, digit- 
naming complexity, F (3, 39) = 58.04, p 
< 001, and their interaction, F (6, 78) 
— 1.46, p « .001, all were significant. The 
interaction can be attributed to effects of 
the no-tapping condition and an additional 
analysis with the no-tapping condition 
deleted revealed no significant interaction, 
F (3, 39) = T4 p > .05. This interaction * 
between tapping conditions and digit- 4 
naming complexity when all three tapping — 
conditions are considered indicates dual- — | 
task decrement to be relatively greater for — 
the direct digit naming condition (N) as 
compared with the remaining complex A 
digit-naming conditions. Thus, it can be à 
inferred that for the direct naming condi- 
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TABLE 2 


MEAN INCORRECT DigIT RESPONSES AS A FUNCTION 
l OF TAPPING CONDITION 


Digit-naming condition 


Tapping x 
condition. 
N-1|NTT3|9-N 
High 44 | 129 | 36 | 1.57 | 84 
Low em rs m ie B 
No_tappin PIA Ne dO : x x 
X ppg |o 112 | 69 | 1.69 | 92 


tion the load placed on the response 
execution and control stage is greater than 
that imposed by the complex naming con- 
itions, which are limited primarily by the 
'esponse selection stage. 
- Performance on the naming task alone 
"was significantly better than when the 
naming task was combined with either 
"tapping task, ts (26) > 8.28, p < .001. Of 
eater importance, however, is the com- 
parison between high- and low-tapping 
tasks, which revealed performance to be 
ignificantly better for the low-tapping 
task, 4 (26) = 4.00, p < .001. Thus, not 
only does the tapping task itself require 
processing capacity, but even more im- 
portantly, an increase in tapping difficulty 
also requires greater processing capacity. 
‘This result agrees with those of Posner 
‘and Keele (1969) and Ells (1973), who 
und that narrow targets required more 
ttention than wide targets. 
Performance of the direct digit-naming 
task (89.4 mean correct digits) was reliably 
better than for any of the complex naming 


“conditions, ts (39) > 7.01, p < .001. When 

the. naming task was performed alone, 

again the direct N condition proved easier 
than the remaining three naming condi- 
tions, ts (78) > 9.58, p < .001. However, 

.no difference was found between N + 3 
and 9—N naming conditions, ¢ (78) 
= 1.67, p > .05. 

. The mean number of incorrect digit 
responses is shown in Table 2, Summing 
corresponding cells in Tables 1 and 2 yields 
the total mean number of emitted naming 
responses. Error rates were relatively low 
and analyses of variance corresponding to 
those performed for the data of Table 1 
revealed only a significant effect of digit- 


naming compatibility, F (3, 39) = 1.79, 


p < .001, on error responses. Thus, while 
the tapping task exhibited a strc y in- 
fluence on the number of emitted : -ming 
responses, the accuracy of these nam. ng re- 
sponses was controlled only by the com- 
plexity of the digit naming task. gain, 
it can be seen that the primary ping 
task is controlling how much cape ty of 
the response execution and contro stage 
is available for digit naming, while ie re- 
sponse selection stage deals with trav: ation 
required by complex digit naming. ‘hus, 


) not 
1 re- 
12), 
tap- 
10WS 
mber 
le 2 
con- 
)nses 


Table 2 reveals that error responses 
depend upon the number of emit 
sponses (i.e., the sum of Tables 1 
which was controlled by the prima 
ping task. To recapitulate, Table 1 : 
that the tapping task controls the : 
of emitted correct responses, while 
shows that the tapping task does ? 
trol the number of emitted error re 
for digit naming. 


Effects of the naming task upon vans- 


mitted information in the tapping t= « are 
presented in Table 3. Significant!» more 
information was transmitted on th. high- 
tapping task, F (1, 13) = 394.12, p ~< .001, 
as might be expected. A significan: inter- 
action between tapping and namin; ondi- 
tions, F (4, 52) = 5.98, p < .001, eveals 
a relatively greater decrement when the 
high-tapping task is combined with digit 
naming as compared to no extra de rement 


for the low-tapping task.* This interaction 
is not dependent on the complexity of 
the naming task, and an additional anal- 
ysis of variance conducted for simulta- 
neous-task conditions only (i.e., no-digits 
condition deleted) failed to reveal any - 
significant two-way interaction, F (3, 39) 
= 1.87, p > .05. The interaction obtained 
when single- and simultaneous-task pêr- 
formance conditions are all included in the 
analysis supports a limited-channel model. 


? An analysis of variance with number of correct 
taps as the dependent variable was consistent with 
the information analysis revealing a significant 
Naming X Tapping interaction, F (4, 52) — 4.63, 
p < .01, and fewer correct taps for the high-tapping 
task, F (1, 13) = 13.4, p « .01, since, as indicate 
in Table 3, performance was almost perfect for 
the low-tapping task. 
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ing task does not place so 
.» the response execution and 
hat adding the naming task 
ment in the primary tapping 
r, the high-tapping task is 
„nanding so that a tapping 
, less information trans- 
simultaneous task) is ob- 
high tapping is combined 
ning. However, the addi- 
g difficulty and digit-naming 
‘ects in the multiple-input- 
ie, no-digits condition de- 
against a simple limited 
ss it is assumed that com- 
are not reflected in the 
recapitulate, ID increases in 
pping task produce limited 
is, while increases in digit- 
lexity do not. Finally, a sig- 
effect of digit-naming com- 
‚ed when all data of Table 3 
|, F (4, 52) = 431, p < 0L 
wed when only simultaneous- 
cance was analyzed, F (3, 39) 
.05. Thus, more information 
‘ted when the tapping task 
«d alone, although as has been 
wn, this effect can be localized 
igh-tapping condition. 


DISCUSSION 
nt findings stress the importance 
hing comparisons between single- 


and double-stimulation conditions and com- 


parisons within double-stimulation conditions. 
| When single- and simultaneous-task perform- 
ance is contrasted, a limited-channel model is 


However, when only simultane- 


ous-task conditions are compared, effects Wer 
This additivity is counter to both 
and variable-allocation-capacity 


The variable-allocation-capacity model 
(Kahneman, 1973), does not predict the dual- 
task additivity obtained in this experiment. 
Since increases in either tapping difficulty or 
naming complexity under single-task condi- 
tions resulted in performance 
thereby demonstrating that bot : 
quired increased effort when made more dif- 
ficult, the model predicts an interaction when 
P both tasks are combined. Increases in either 
tapping difficulty or naming complexity should 


decrements, 


dual-task decre- 


result in progressively greater du 


TABLE 3 


MEAN TRANSMITTED INFORMATION AS A Funetio 
or DrGrr-NAMING CONDITION j 


Digit-naming condition 
Tappa. | RM TEWSRSE 
es x 
ion rat O- 
N |N-1|N+3|9-N] digit 
task 


High | 786 | 774 | 795 | 764 | 835 791 
Low | 348 | 351 | 352 | 352 | 345 | 350 
X 567 | 562 | 574 | 558 | 590 


Note. Cell entries are bits/trial. For the high-tapping ral 
perfect performance is represented by a score ol 900 bits/trial, 
while 352 bits/trial are required for a perfect score on the low- 
tapping rate. 


ment. No such interaction between tapping — 
difficulty and digit-naming complexity was f 
obtained. x 
The support for the limited-capacity model - 
does not necessarily imply that stage models, 
as a class of models, be rejected. entirely. 
It does, however, imply that a simple four- 
stage serial model is inadequate. While the 
obtained limited-channel effects do reveal that | 
the tapping and serial RT tasks share at least 
one nontrivial stage, other findings indicate 
additional unshared stages of information 
processing. Under simultaneous-task condi- 
tions, additivity between tapping difficulty — — 
and digit-naming complexity was found for 
both digits (Tables 1 and 2) and transmitted 
tapping information (Table 3). These results — 
suggest that while limited-channel effects are — 
obtained when single- and simultaneous-task 
performance are contrasted, additive stages 
can coexist within the limited-capacity chan- 
In the present case, à complexity mecha- 
ate without hindering informa- 
tion generated by the motor system and vice 
versa under multiple-input-output conditions, 
lated that the decrement 
bined task can be at- 
tributed not to any processing stage in par- 
ticular (e.g» this would depend upon the 
tasks being C 
accounted for by the general feedback-process- —— 
ing requirement imposed by an 
RR Such a hypothesis could be tested 1 
by varying task feedback-processing require- j 
ments in à multiple-input-output situation, 
e.g Fitts and Peterson (1964) have demon- 
strated that a discrete-trials Fitts’ law task b 
imposes smaller feedback-processing requires = 
ments than a continuous tapping task as used ; 
in the present study. Conceptually, this 
mixed model would have a portion of the 


limited-capacity channel set aside for feed- 
js 


nel. 


! 
$ 


ahy 
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_back-processing requirements, while a stagi 
model would best describe the remaining 
portion of the channel. When the continuous 
feedback processing requirements, both ex- 
-' trinsic and intrinsic, imposed by any skill 
3 behavior are considered, such a "parallel" 
model does not appear entirely unreasonable. 
This kind of mixed “parallel” model differs 
from the variable-channel-capacity model 
elaborated by Moray (1967) and Kahneman 
(1973), although the mixed model also allows 
available channel capacity to vary with the 
task set. According to Moray (1967), high- 
compatibility tasks allow the system to ex- 
change processing capacity for extra channel 
capacity, thereby increasing the "width" of 
the channel. The present results fail to 
realize such a benefit for the compatible (N) 
-Simultaneous-task conditions, so the model, 
attractive as it may be, is not supported. 
. The mixed model also differs from the 
multiplexing limited channel proposed by 
- Schvaneveldt (1968), in which not all pro- 
cessing activity occupies the limited channel. 
Schvaneveldt (1969) required Ss to simulta- 
- neously perform a manual RT task which 
E could vary in compatibility and a verbal RT 
_ task similar to the naming task of the present 
- experiment. ‘As the compatibility of the 
= manual task decreased, concurrent increases 
— in the complexity of the naming task had 
- progressively smaller effects on RT.  Schva- 
- neveld's multiplexing model explains this 
“interaction which is in the opposite direction 
of the interaction predicted by a (nonmulti- 
- plexing) limited-channel model. Whereas a 
limited-channel model predicts decreasing 
- processing overlaps between both component 
tasks as task difficulty increases, the multiplex 
model predicts increasing overlap and so is 
Consonant with Schvaneveldt's data. 
— n the present study, no such interaction 
: between. tapping difficulty and digit-naming 
. complexity was obtained. However, Schva- 
. meveldt varied compatibility and complexity 
of both component tasks, whereas complexity 
for only one Component task (the naming 
task) was varied in this study; furthermore, 
the primary task in this Study was continuous 
rather than discrete, Thus, while a multiplex 
model may be valid when a complexity 
mechanism is the major or only locus of dis- 
crete performance decrement, processing over- 
lap does not occur when complexity is not 
the source of decrement in both component 
tasks as in the present study. Perhaps, only 
the complexity stage of Schvaneveldt's model 
should be linked to the multiplexor, which in 
turn is most effective for discrete tasks, 
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vord boundary task was used in three experiments to explore the role of 
rase and sentence information in the processing of written language. Articu- 
ory phrases (rhythmical patterns of spoken language) and constituent 
rases (underlying syntactic analysis of the sentence) both provided strong 
/| about equal facilitating effects on processing performance. Separate ex- 
rimentation evaluated sentence cues as a function of sentence length. The 
ults were discussed in terms of flexible strategies for imposing structure 


ı linguistic sequences. 


Several dels of information processing 
(Kolers, /: Liberman, 1970; Neisser, 
1967; Sn 1971) treat "active analysis” 
as an es ial characteristic of receiver 
behavior. tive analysis requires that the 
receiver | intextual information to make 
prediction» out the specific symbol under 
examina: as a means of facilitating this 

| examina: Since this predictability 
from conte. | presupposes an organizational 
structure, ictive analysis is a process in 
which a sage element is processed as 
part of a... ger organization unit. Thus, 
active an: s different from models of 
reactive E s (see Gough, 1972), which 
view language analysis as an inductive 
procedure, with meaning coming after a 
symbol-by-symbol identification. 

The active analysis model has received 


Support within the area of language. Ex- 
perimental data indicate that the processing 
of small linguistic units is modified when 
they are embedded in larger units (e.g. 
Brown & Hildum, 1956; Graf & Torrey, 
1966; Ladefoged & Broadbent, 1960). 
Reicher (1969) and Wheeler (1970) have 
demonstrated superior visual recognition 
of letters embedded in words than letters 
Presented alone. The present research was 
concerned with the phrase as an organiza- 
tional structure. The role of constituent 
USES 
wae investigation was supported in part by 
esearch Grant 21810 awarded by Oakland Uni- 
"BORSA to the second author. 
renes for reprints should be sent to Helen 
P. an Klein, who is now at the Department of 
Ase Wright State University, Dayton, Ohio 
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phrases, which reflect the underlying syn 
tactic structure of the sentence, has been 
well demonstrated (e.g., Fodor & Bever, 
1965; Garrett, Bever, & Fodor, 1966; Gra 
& Torrey, 1966). An alternative phrasing 
structure is the articulatory phrase. This 
was defined by Shillan (1967) in terms of 
the normal pattern of pauses and stresses — 
used by native speakers of the language, 
Shillan provides some evidence for the use — 
of articulatory phrases with visually pre- 
sented language. Klein and Klein (1973b) 
have presented additional evidence for 
their value, and Johnson (1973) has demon- 
strated the importance of pausal units 
similar to articulatory phrases. It should 
be noted that articulatory phrases in some 
ways resemble Halliday's (1967) concept of 
information units. 

None of the studies on articulatory 
phrases has compared their effects to those 
of constituent phrases. The present ex- 
periments were designed to make this 
comparison, as well as comparisons be- - 
tween phrase and sentence cues. The 
studies all used a word boundary task 
(Klein & Klein, 1973a), which is quite 
sensitive to contextual effects and is easily —— 
adapted to studying a variety of potential — 
contextual features. Material is printed 
with the words run together and with spaces 
between the letters, as in the following €x- 
ample: eventhewindsendedandyetall. 
'The Ss' task is to draw slashes between 
words without making errors. There are 
often several ways to form words, such as 
event/hew/in/d/send/e/dandy/e/tall, but 
many lead to errors, such as word fragments 
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or leftover letters, so Ss soon realize that XR pad ie cd co M oa 

à : nodes a at level. sing this procure, there 
es Sad An coc c. helps o was an overlap of 25.4% for the phrase :nits in the 
corrected. 


f 


f s AP and CP forms, This overlap : primarily 
predict the correct words in advance will due to the marking of sentence break both the 
increase performance, so the task becomes AP and CP forms, with 80.87% of the co -mon units 
sensitive to Ss’ ability to use cues thatare coming either at the beginning or end sentences, 


provided for potential predictive value In the CC form, the same distributi of breaks 


occurred as in the CP form, but no: f the CC 
breaks overlapped either the AP or the `P breaks, 
XPERIMENT I The mean number of words between ks in the 
E CP and CC forms was 4.8. 
` Method 


The forms were placed in word bou: 


ry format. 
by running all the words together 


| leaving 
Subjects. One hundred and ninety two college one space after each letter. Breaks marked 
- students participated in this experiment to fulfill a by two hyphens and a space betweci, as in the 
requirement in an introductory psychology course following sequence: h e s a w--thatt paper 
at Wayne State University. -hadbeen.... Legal size paper ./as used, 
—— Materials. Six passages, averaging 161.5 words 


s turned sideways, to maximize the sp per line, 
in length, were developed. Each passage developed 


Design and procedure. There were tw nditions, 

theme in conventional prose style, using long articulatory and constituent, with 9 in eac! 
sentences, The mean sentence length was, 18.6 condition. Each .S received six tri In the 

words, Four word boundary forms were generated articulatory condition, three trials w with Al 
for each passage: an articulatory phrase form (AP), forms, and three with AC forms, he con- 
an articulatory control form (AC), a constituent stituent condition, three trials were wit P forms, 

phrase from (CP), and a constituent control form and three with CC forms. In both co ons, hal 
(CC). In the AP form, breaks occurred between — or the Ss received the three phrasc is first, 
articulatory phrases. The locations of these phrases followed by the three control trials, w} he other 

|. Were based on ratings from three independent raters, half of the Ss received the reverse ord. For eac! 
. With unanimous agreement required, In cases of S, the six trials were each based on di -rent pas- 
disagreement, the sentence in question was altered sages. The order of passages was deter. ned using 
In the AC form, the same a 6 X 6 Latin square, so there we: rimental 
conditions in this experiment: the six pas- ize orders, | 

the two presentation orders of phrase « .d contro 

trials (AAABBB or BBBAAA), and the ; iculatory 

vs. constituent phrase conditions, Eight replica- 

tions of this design were completed. The Ss were 

randomly assigned to the articulatory or constituent 

phrase conditions and tested in groups ©! up to 30. 


The Ss were instructed to work from leit to right, 
top to bottom, drawing slashes between words, 
They were asked to make no errors, by correcting 
any string that included an error. ^ hey were 
told to work as quickly as possible, but to nphasize 
accuracy over speed. A brief practice exercise was 
Presented prior to the six experimental trials. The 
Ss were allowed 90 sec. for each trial, with a 30-sec. 
intertrial interval, The entire experiment, including 


an explanation at the end, took about 25 min. per 
group. 


the same as in the AP forms. 


that were also used in the AP form were eliminated, 


MEAN. NUMBER of Wonps Correcr (PER Mm.) Results and. Discussion 


FOR EACH 
Or THE THREE EXPERIMENTS The data for each S were in mean number 
Experiment Phrase/sentence | Contra, of Correct words for the phrase and the 
I control trials. These data are presented in | 
Articulatory 45.60 42.72 Table 1, for the articulatory and con- 
Constituent 45.52 42.26 stituent conditions. In both conditions 
42.98 


2 ials was 
Hn 50.08 nos Performance on the phrase trials 


Superior to performance on the control 

3 3 i : ri- 

Nole. Data from Experiment I reflect trials. Since the resentation order và 

Experiments II and III reflect sentences, P 4969 those from able was not Aee hean the data were 
; 


sentation orders. Repeated 
analyses of variance showed 
nce on the AP forms was 
gher than on the AC forms, 
.36, p < .001, and perfor- 
CP forms was significantly 
the CC forms, F (1, 95) 
01. Thus, both the articu- 
istituent phrases provided 
unts of contextual informa- 
performance of the word 
The Articulatory-Con- 
ase-Control interaction was 


squared (w*) measure can be 
te the amount of variance 
ince accounted for by the 
Gon. Since the articulatory 
»t conditions each used a 
ment design, inter-S vari- 
luded from the calculation, 
s w* values were obtained.’ 
‘ry condition generated an w? 
d the constituent condition 
w of 17.0% of the variance 
* by the phrase information. 
tory phrase w? replicates the 
ment (Klein & Klein, 1973b), 
ied an w? of 13.8%. 
‘ts show that phrase cues can 


These res 


be Utilized is contextual information, to 
facilitate l boundary performance, and 
that the degree of facilitation for the con- 
stituent phrase information was essentially 


€ same as for the articulatory phrase 
Information. However, sentence bound- 
Wies were always marked in the phrase 
Orms, but never in the control forms, so 
he phrase-control differences could have 
een a function of sentential cues. Experi- 
nent II clarified the possible confounding 
f sentence and phrase cues. 


i EXPERIMENT II 
fethod 
Subjects. Forty-eight students attending Oakland 


Alversity volunteered their participation. — 
terials. The six passages used in Experiment 


* The measure of within-Ss variability aecounted 
4s obtained by substituting the within-Ss .$.5s 
T the total SSs in Hays’ (1963) formula for o. 


ce x 
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I were also used for Experiment IT. Two form 
were generated for each passage. On one form, 
sentence form, breaks between sentences were 
marked, while on the control form, the same number _ 
and distribution of breaks occurred, but always i 
the midst of sentences. These control breaks wer 
never placed at any of the AP or CP break points 
used in Experiment I. 

Design and procedure. A repeated treatments 
design was used, with each S receiving three sentence 
and three control forms, each based on a different 
passage. An AAABBB design was employed for — 
presentation order, with half of the .Ss receiving. 
sentence trials first, and the other half receiving: 
control trials first. The order of the six passages 
was varied between Ss, using a 6 X 6 Latin square, 
There were 12 conditions and 4 replications, . The 
procedures of testing were the same as in Experi- 
ment I. 


Results and Discussion 


The mean scores for the sentence and 
control forms are presented in Table 1 and 
show the sentence forms slightly higher 
than the control forms. Since the presenta- 
tion order variable was not significant, the 
data were pooled across orders. There was 
no significant difference between sentence 
and control forms, F (1, 47) = 2.02. The 
sentence effect accounted for 2% of the 
within-Ss variance, using the w? measure. 
"Therefore, the effects of articulatory and of 
constituent phrases in Experiment I cannot 
be considered an artifact of sentential cues. 

These results raise the question of how 
effective phrase cues are, compared to 
sentence cues from shorter sentences, Ex- . 
periment III therefore examined sentential 
cues in passages with much shorter sen- 
tences than Experiment II. 


EXPERIMENT III 


Methods 


Subjects. Sixty-four college students participated. 
in the experiment to fulfill a requirement in an 
introductory psychology course at Wayne State 
University. A ` 

Materials. Four passages, averaging 179 words in 
length, were developed. Each of the passages 
consisted of short sentences developing a theme in 
conventional prose style. The mean sentence length 
was 6.01 words. Two word boundary forms were 
generated for each passage. On the sentence form, 
the sentence breaks were marked by two hyphens 
and an extra space. On the control form, the same 
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number and distribution of breaks were used, but 
the breaks came in the midst of sentences. 
; Design and procedure. A repeated treatments 
- design was used, with each S receiving two sentence 
- and two control trials, each based on a different 
. passage. An AABB type of design for treatment 
. conditions was used, with half of the Ss receiving 
the two sentence trials first, and half receiving the 
two control trials first. The order of the passages 
.. was varied between Ss, using a 4 X 4 Latin square. 
With four orders of passages and two presentation 
orders there were eight different conditions, with 
eight replications of the design. 

The Ss were tested in groups. Instructions were 
_ given and a brief practice exercise was presented, 

followed by the four experimental trials. The Ss 
-. were allowed 120 sec. for each trial, with a 30-sec. 

intertrial interval. The entire experiment, including 
an explanation at the end of testing, took about 
E min. per group. 


= 


4; 
— Results and Discussion 


/.' The number of correct words identified 
was determined for each S, and the means 
are presented in Table 1. There is a very 
large increment in performance for the 
sentence forms over the control forms. 
Because the presentation order variable 
was not significant, the data were pooled 
across orders, and a repeated treatments 
analysis of variance showed that the 
- difference between sentence and control 
- forms was significant, F (1, 63) = 40.28, 
p «.001. This shows that the contextual 
information provided by marking sentence 
"boundaries was utilized by Ss in this 
experiment to facilitate word identification 
decisions. A within-Ss «è of 37.6% was 
- obtained, indicating a rather large con- 
tribution to performance. 


GENERAL DISCUSSION 


This research was concerned with the utility 
. of structural cues, such as the marking of 

sentence and phrase boundaries, for the pro- 
cessing of visually presented language. Ex- 
periment I suggested that marking articulatory 
phrase and constituent phrase boundaries 
facilitated word identification decisions. Ex- 
periment IT showed that this was not simply 
a function of sentential cues, Experiment III 
showed that sentence boundary information 
can provide an even stronger facilitating effect 
than phrase cues. These findings support the 
importance of organizational structure in the 
performance of language analysis, However, 


several questions requiring furth 
tion arise from the results of : 
First, Experiments II and II! 
gated sentential information and 
(w° = 2%) and large (w? = 37.6: 
performance, respectively. The 
reason for this difference is the 
mean sentence length for the 
material. As distance between 
creases, the information value 
will decrease. This implies that 
the linguistic unit is important for 
ing effect in the word boundary 
This role of unit size in facilitat 
ance presents a second question 
results of the phrase manipulatio: 
ment 7 (w° = 15.2%; w = 17.0° 
pared to the sentential manipulati: 
ment III (w° = 37.6%), it can | 


cen that 


thesentential manipulation hadar h greater 
effect on performance., Yet the m sentence 
length in Experiment III was words, 
compared to the mean phrase le: s of 4.94 
and 4.82 in Experiment I. Thu- vhile the} 
sentences were longer than the ; ses, they 
produced stronger effects. Th xe two 
possible explanations for this. 5 'nces are 
less arbitrary than phrases. Thc obvious 
agreement about sentence boun s, while 
articulatory phrases may vary dialect, 
and constituent phrases may va: with the 
theoretical biases of the diagram linguist. 
This arbitrariness may have limited :he utility 
of the phrases for Ss. A second ex; «nation is J 
that short sentences combine both «: iiculatory 
and constituent cues; sentence i;eaks are 
both pause points and major constituent 
boundaries. Indeed, sentence breaks combine 
all phrase structures, and short sentences 
should therefore show effects that are greater 
than any single type of phrase structure 
These two explanations are not mutually ex 


clusive and both may have been operating in $ 
this paradigm. 3 

A third question concerns the similarity | 
between articulatory and constituent phrases 
in their facilitation of word boundary perform- 
ance. There are two ways of explaining this. 
First, language users may rely on whatever 
cues are available to provide predictability: 4 
Such flexibility would maximize the effective 
use of contextual information, regardless af 
material characteristics and structure. This 
type of explanation would accept a multiplicity 
of grammars and structural cues. Work by 
Chapin, Smith, and Abrahamson (1972) SUP" 
ports this multistrategy approach for imposing 


structur: linguistic material. Chapin et al. 
also de: rated the importance of surface 
structur ;nguage performance. The dis- 
tinction en surface structure and articu- 
latory | icture is not clear and needs 
to be c ed on theoretical and empirical 
levels. : and Miron (1971) showed a 
strong » between surface structure and 
pauses i: reading, but also found that over 
one thir: ;e pauses could not be predicted 
from sy or lexical analyses. A second 
explanat ə the similarity in results be- 
tween ar tory and constituent phrases is 
that the; e a good deal of commonality, 
since neit type of phrase separates articles 
from nou: | breaks prepositional phrases, etc. 
These co: >n language features may be more 
basic an id more redundancy than the 
phrase ur hemselves. 

A final tion of this research concerns the 
way in : the breaks actually facilitate 
performa n the word boundary paradigm. 
There a: © possible explanations of how 
marking sentences and phrase boundaries 
increase :ormance over control forms. The 
first expl: nis that the phrase and sentence 
breaks a! Ss to deal with less information 
while per ung the task. The predictability 
of seque: may become more noticeable. 
More like ^, the phrase breaks organize the 
material i meaningful chunks of informa- 
tion, simi) : to Halliday’s (1967) information 
units. M. .«ingful chunks serve to reduce the 
amount oí information between breaks, com- 
pared to :he control breaks. The control 
-breaks may include several information units, 


which would place greater demands on memory 
and interfere with the performance of the task. 
Brown and Miron (1971) found no relationship 
between pauses and informational structure, 
but they were examining pause breaks, not the 
Sequences between breaks, and were measuring 
the information value of single words rather 
than the informational characteristics of word 
sequences. A second, related hypothesis is 
that the breaks themselves interfere with 
performance in some ways, while facilitating 
it in others. The control breaks may simply 
interfere with performance more. Evidence 
for the interference thesis can be found in 
Table 1 by comparing the control forms of 
Experiment IT to those of Experiment I. There 
is very little difference, even though there were 
many fewer breaks in Experiment IL This 
implies that although the breaks always pro- 
vide a “free” slash, they may also be disrupting 
Ss' motor and/or attentional set. Some Ss 
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found it easier to draw slashes between the | 


hyphens in the breaks, even though this was i 


13 


explained as being unnecessary. The control E. 


breaks, in addition to disrupting performance - 
generally, may have also disrupted Ss’ lan- 


handle more information while performing the — 


zs 


guage processing behavior and required Ss T 


task. 
offered by Graf and Torrey (1966) to account — 
for their results. ` 


REFERENCES A 


Brown, E., & Miron, M. S. Lexical and syntactic — 
predictors of distribution of pause time in reading. . 
Journal of Verbal Learning and Verbal Behavior, — 
1971, 10, 658-667. $ 

Brown, R. W., & Hildum, D. C. Expectancy and 
the identification of syllables. Language, 1956, 
32, 411-419, : 

Chapin, P. G., Smith, T. S., & Abrahamson, A. A. | 
Two factors in perceptual segmentation of speech. 
Journal of Verbal Learning and Verbal Behavior, — 
1972, 11, 164-173. © 

Fodor, J., & Bever, T. The psychological reality of 
linguistic segments. Journal of Verbal Learning 
and Verbal Behavior, 1965, 4, 414-420. 

Garrett, M., Bever, T., & Fodor, J. The active use 
of grammar in speech perception. Perception & 
Psychophysics, 1966, 1, 30-32. 


This type of explanation has been — 


Gough, P. B. One second of reading. In Sie x: 
Kavanagh & I. G. Mattingly (Eds.), Language by — 
^ 


ear and by eye, Cambridge, Mass.: M.LT. Press, 
1972. 

Graf, R., & Torrey, J. W. Perception of phrase 
structure in written language. Proceedings of the 
74th Annual Convention of the American Psycho- 
logical Association, 1966, 1, 83-84. 

Halliday, M. A. K. Notes on transitivity and theme 
in English, Part 2. Journal of Linguistics, 1967, 
3, 199-244. À 

Hays, W. L. Statistics for psychologists. New York: 
Holt, Rinehart & Winston, 1963. 

Johnson, R. E. Meaningfulness and the recall of 
textual prose. American Educational Research 
Journal, 1973, 10, 49-58. 

Klein, G. A., & Klein, H. A. Word identification as 
a function of contextual information. American. 
Journal of Psychology, 1973, 86, 399—406. (a) 

Klein, H. A., & Klein, G. A. Studying the use of 
context for word identification decisions, In P.L. 
Nacke (Ed.), Diversity in mature reading: Theory 
and research, National Reading Conference 22nd 
Yearbook. Boone, N. C.: National Reading Con- 
ference, 1973. (b) 4 

Kolers, P. A. Experiments in reading. Scientific 
American, 1972, 227, 84-91. f 

Ladefoged, P., & Broadbent, D. Perception of 
sequence in auditory events. Quarterly Journal of 
Experimental Psychology, 1960, 12, 162-170. 

Liberman, A. M. The grammars of speech and 
language. Cognitive Psychology, 1970, 1, 301-323. 


: 


E 


Neisser, U. Cognitive psychology. New York: Apple- 5 Automatique Des Langues, Grenob: France, - 


ton-Century-Crofts, 1967. 1967. 
Reicher, G. M. Perceptual recognition asa function Smith, F. Understanding reading. New © -k: Holt, 
of meaningfulness of stimulus material. Journal Rinehart & Winston, 1971. 
of Experimental Psychology, 1969, 81, 215-280. Wheeler, D. D. Processes in word r ynition, 
Shillan, D. Segmenting natural language by articu- Cognitive Psychology, 1970, 1, 59-85. f 
latory features. Paper presented at the Deuxième 
Conference Internationale Sur le Traitement (Received December 13, 1975 


Manuscripts Accepted for Publication in the 
Journal of Experimental Psychology 


“Effects of Frequency of Presentation and Stimulus Length on Retention in the Brown—Peterson adigm. 
x MUSS Bi Fuchs (Department of Psychology, Bowdoin College, Brunswick, Maine 04011) Arthur 
KK, . Melton. 
— Effects of Word Order and Imagery on Learning Verbs and Adverbs as Paired Associates. Jau l. Pate 
ETE of Psychology, rgia State University, 33 Gilmer Street S.E., Atlanta, Geor 30303), 
Patricia Ward, and Katherine B. Harlan. 
— Different Roles of Acoutsic and Articulatory Information in Short-Term Memory. Chao-\i Cheng 
~ _ . (Department of Psychology, National Taiwan University, Taipei, Taiwan, Republic of Ch 1 
. Unitization of Related Words in Short-Term Store, James Yritzen (Department of Psycholo: Virginia 
- ___ Polytechnic Institute and State University, Blacksburg, Virginia 24061). 
Effects of Attentional Focus and Arousal on Time Estimation. Daniel S. Lordahl (Department. ^ sychol- 
ogy, Florida State University, Tallahassee, Florida 32306) and Eric D. Curton. 
Perceived Length Depends upon Exposure Duration: Straight Lines and Müller-Lyer Stimul Robert 
Sekuler (CRESAP Neuroscience Laboratory, Northwestern University, 2021 Sheridan Road, —.anstom, 
= .. lllinois 60201) and Albert Erlebacher. ’ 
_ Response Bias in the Recognition of Pictures and Names by Children. Bill Jones (Department « 'sychol- 
5 ogy, University of Waterloo, Waterloo, Ontario, Canada N2L 3G1). 
_ Transfer of Coding Strategies in Free Recall with Constant and Varied Input. red C. Ellis (U: »artment 
, E. Reed Hant, an 


E P Meis. dna cid of New Mexico, Albuquerque, New Mexico 87131 
_Eye Movements in Scanning Iconic Imagery. Douglas C. H i i arch, P.O. Box 
: 1115, Palo Alto, ne ee WODE ry. Douglas all (American Institutes for Resear« 
- Component Processes in Risky Decision Making. James C. Shanteau (Department of Psychology, Anderson 
Hall, Kansas State University, Manhattan, Kansas 66502). $ 
m A Tactual Size Aftereffect Contingent on Hand Position. James T. Walker (Department of Psychology; 
um University of Missouri, 8001 Natural Bridge Road, St. Louis, Missouri 63121) and Karen S. Shea. 
N Transfer of Adaptation to Rotation of the Visual Field. Curtis W. McIntyre (Psychology Department, 
S d University of Virginia, Charlottesville, Virginia 22901) and Herbert L. Pick, Jr. È 
Merino Lag and Rehearsal Mode in Recognition Memory. Donald S. Ciccone (Department of 
AC sychology, Rice Mesi Houston, Texas 77001) and John W. Brelsford. 7 
omparison of Two Methods for Producing Response Inhibition in Electrodermal Conditioning. William | 
W. Grings (Department of Psychology University of Southern California, Los Angeles, California 
ER 90007), Cheryl A. Carey, and Anne M. Schell. eer 
Morir mnlta Interval Length and Variability on Habituation of Autonomic Components of the 
Wi ing Response. Peter J. Lang (Department of Psychology, Psychology Building, University of | 
Š isconsin, Charter at Johnson, Madison, Wisconsin 53706) and Robert J. Gatchel. 
C Mele v eens N Length) and Resistance to Extinction at Spaced Trials. Roger Le 
gren (Department of Psychology, 455 West Lindsey, Room 705, University of Oklahoma, Norman, | 
Rew Khoma 13069) and Jared B. Jobe. i d 3 
a Annandale on:Hudsan, N fum Een R. McHewitt (Department of Psychology, Bard College 
0 Organize is to Remember: The Effects of I i i stein 
(Department ol Psychology, Davie Hall, dhe URN eme ol Nore Conde Cie EET 
, HETI ip N. Johnson-Laird. 
pects ot rone i Original ES Intérpolatéd Learning: Confusion of List Markers, of 
P.O. Box 1, Kensington, N.S.W., Rustialish oed ea ideo Reset ot South: n 


The Neglected Negative Set. James M. Ini it 
of Texas at Austin, pe Texas is (Department of Psychology, 211 Mezes Hall, University 


- Journal of Exp» i» 
- 1974, Vol. 103, N 


item lists. 


itions. 


The moc which material is presented 
in conven | memory tasks is of con- 
siderable retical interest since it 
influences initial step in human infor- 
mation | ssing, The first major 
transforn of sensory information 
takes pla the level of modality-speci- 
fic recept ;echanisms, so it is probably 
true that ‘ition has its first influence 
at this |: (Neisser, 1967). However, 
the mode nulus input clearly produces 
effects at sequent processing levels as 
evidenced the well-replicated modality 
effect in t-term memory. This effect 
generally refers to superior retention re- 
sulting frou: auditory as opposed to visual 
presentation (Murdock & Walker, 1969). 

Routh (i971) has provided evidence 


which indicates that the modality effect 
occurs independently of silent rehearsal so 
that auditory information can be trans- 
ferred to more permanent stores without 
necessarily being mediated by a rehearsal 
mechanism. This does not, however, pre- 
clude the possibility that input modality 
might affect the nature of rehearsal. 
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[ MODE! PUT EFFECTS ON SUBJECT-CONTROLLED PROC 
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ts paced themselves through either auditory or visual presentation 
They were instructed to rehearse in one of three ways: 
imulatively, (b) by actively rehearsing primacy items while passively 
ding to recency items (active-passive), or (c) by choosing their own 
zy (free). Study times showed that when no restraints were placed on 
irsal, Ss receiving auditory presentation required longer processing time 
did Ss receiving visual presentation. Modality had no effect on correct 
iding but did influence the order of recall in the free and active-passive 
The results were discussed in terms of a proposed hypothesis 
cerning interference arising from the similarity between acoustic trace 
mation and the articulatory-acoustic mode for subyocal rehearsal. 


343 


Sherman and Turvey (1969) have su; 
gested that at slow rates of auditory 
presentation (1.5-2.0 sec/item), Ss might 
be confusing earlier list items with recent 
items due to the similarity between the 
input mode and the rehearsal mode (a 
ticulatory-acoustic), Consequently, it was 
proposed that Ss stop rehearsing earlie 
items to avoid acoustic confusion. Sander 
and Moss (1973) have also proposed a 
hypothesis which indicates that auditory 
presentation might somehow preempt re 
hearsal; however, their data left. this 
question essentially unanswered. Althoug 
these studies were designed to test th 
effects of input ‘modality on rehears 
processes, each employed conditions which 
minimized rehearsal (i.e., fast presenta- 
tion rates). i 

Murdock and Walker (1969) have in- 
dicated that the magnitude of the mo: 
dality effect decreases with slower rates of. 
presentation. Furthermore, additional re- 
search (Fell & Laughery, 1969; Laughery — 
& Pinkus, 1966) has demonstrated that as. 
the rate approaches 2 sec/item, the mo- 
dality effect essentially disappears. These 
results can be accommodated by the as- 
sumption that the deeper levels of pro- - 
cessing made possible by slow rates of | 
presentation render any additional auditory 
information essentially redundant. A more 
explicit explanation can be offered if it is 
assumed that the amount of rehearsal in- - 
creases as the rate of presentation de- 
creases. When stimuli are presented audi- 


` torily, the similarity between the acoustic 
— trace and the articulatory-acoustic re- 
hearsal mode might interfere with the 
recirculation of information within a re- 
. .hearsal buffer mechanism. For instance, 
when items are presented at a 2-sec. rate, 
this interference would have effects only 
with auditory presentation which would 
account for the absence of a modality 
effect. That is, performance under audi- 
= tory presentation is reduced to the level 
of that for the visual mode due to the 
proposed interference. Even slower rates 
of presentation might produce a modality 
effect in favor of visual presentation since 
increased rehearsal of auditorily presented 
items would lead to stronger interference 
effects, Thus, acoustic information would 
not simply become redundant with infor- 
mation being rehearsed, rather it would 
| interfere with it. A reverse modality effect 
‘might also be predicted from a strict 
interpretation of the rehearsal preemption 
ypothesis offered by Sanders and Moss 
4973). That is, if auditory input pre- 
‘empts or decreases rehearsal, then one 
— would expect poorer recall due to a reduc- 
ion in item strength for auditory as 
opposed to visual material. 
- The present study employed S-paced 
2 auditory and visual presentation, a method 
"Which characteristically maximizes both 
_ the amount and the importance of re- 
.hearsal. Typically, S pacing leads to a 
high level of correct responding so that 
the problem is less one of availability or 
- accessibility as on standard E-paced tasks 
and more one of storage processing time. 
If acoustic traces do indeed interfere with 
Ongoing rehearsal, then S pacing might 
produce a reverse of the standard mo- 
dality effect in terms of study time rather 
than correct responding. This should 
result from more efficient rehearsal proc- 
essing following visual presentation since 
auditory interference would not arise from 
discrete visual stimuli. An S-paced pres- 
entation permits am examination of the 
distribution of study time used during list 
presentation by recording the amount of 
time between successive stimulus presen- 


tations (cf. Belmont & Butterfield, 1969; 
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Ellis & Dugas, 1968). Such a :easure 
offers a direct index of encoding į >cesses_ 
uncontaminated by output mec nisms 
and has been shown to be sen: ‘ve to 
various types of verbal material a:. recall 
requirements (Kellas & Butterfielc 1971). 

Rehearsal may be characteriz as a 
potentially flexible S-controlled  ocess, 
This is especially true for S-pace« condi- 
tions since the amount and str: xy of 
rehearsal are entirely dependent u' n the 
individual S. In an attempt to inv. tigate 
the effect of input modality on  *-con- 
trolled processes, the present exp. 'ment 
included a rehearsal strategy varial > con- 
sisting of a “free” strategy with no ecific 
instructions for the method of rei. irsal; 
an “active-passive” strategy whi. re- 
quired Ss to rehearse the primacy | rtion 
of the stimulus list actively whi! only 
passively attending to the recency ems; 
and a “cumulative” strategy wh re- 
quired Ss to learn the list by addi: each 
new word to the previous presente? ords 
and rehearsing them in this fashion 

The proposed interference hyp -hesis 
gives rise to specific predictions i v the 
present study. In the free rehears. — con- 
dition, auditory presentation will -ither 


lead to fewer correct responses tha: visual 
presentation, or Ss receiving «a: <itory 
presentation will require longer pro essing 
time than those receiving visual presenta- 
tion in order to process items to « level 
of storage which would not be affected by 
the acoustic similarity between the re- 
hearsal and presentation modes. 

The active-passive rehearsal strategy 
was included to simulate a functional 
storage method employed by many SS 
under  E-paced  free-recall conditions 
(Waugh & Norman, 1965). Only passive 
attention is given to terminal items which 
are subsequently output early in the recall 
sequence. This retrieval strategy is com- 
plementary to the active-passive encoding 
strategy and must be employed if S is to 
take advantage of the auditory trace in- 
formation from the most recently presented 
items. With an induced active-passive 
rehearsal strategy, a terminal item recall 
strategy following auditory presentation iS 


À 
MA 


Ses 


conduci:« to a direct readout of acoustic 
informa on from a preperceptual storage 
mechan -m as suggested by Neisser (1967) 
and C. "der and Morton (1969). This 
reado: should facilitate recall performance 
for re y items much as it does on 
E-pac asks. If Ss in the present ex- 
perin iake use of the additional acous- 
tic in tion through an efficient termi- 
nal it trieval strategy, such a strategy 
shoul: xhibited in the order of recall. 

It ! en proposed that, for slow rates 
of pr tion, the visual input mode 
places constraint on rehearsal than 
the a wy mode (Sherman & Turvey, 
1969) at is, an item’s visual trace is 
not « cable with articulatory-acoustic 
subvo: ^hearsal and interference would 
not thereby allowing greater re- 
hears: xibility. However, in the present 
study ^. is predicted that an induced cu- 
mulati © rehearsal strategy will place con- 
strain! upon this flexibility which could 
serve liminate modality effects. 

Ret oval strategies were evaluated 
throu, ‘he application of an output order 
percer .c index, This method makes it 


to plot a measure of an item's 
;osition in output as a function 
ial input position. If Ss in any 
"hearsal conditions employed spec- 
/nensatory control processes during 


of the 
ific cc 
retrieval, then we assume such compensa- 
tion will be demonstrated by the order in 
which items are recalled. 


METHOD 


Subjects. Seventy-two undergraduates enrolled 
in introductory psychology courses at the University 
of Kansas participated for class credit. The Ss 
were randomly assigned to six groups: of 12 Ss each, 

Materials. The experimental stimuli were two- 
syllable nouns drawn from Thorndike-Lorge (1944), 
with restrictions such that no word could exceed 
eight letters in length and that each word had a 
G count of at least 20. Seven 15-word lists were 
formed in random fashion, resulting in essentially 
no differences in mean frequency scores for the 
separate lists (Mean G counts ranged 52.4-54.8). 
The first two lists were used as practice lists. 

Apparatus, Solid-state components were pro- 
grammed such that S could control the time be- 
tween presentation of list items by pressing a stimu- 
lus button when he was ready for a new word. 
For auditory presentation, depression of the stimu- 
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lus button started a cassette tape recorder which — 
produced a single word over a loudspeaker. Im- - 
mediately following each recorded word was a sound 
pulse (inaudible) which simultaneously stopped the y 
tape recorder and started a BRS Foringer (Model. 
POC-112) printout counter. The counter measured .— 
the time from the offset of one stimulus word to — 
onset of the next. As S pressed the button for ' 
each successive list item, the printout counter - 
recorded the study time (in 25ths of a second) -. 
following the previous item. 

Visual stimuli were presented by two alternating: 
Kodak Carousel projectors and shutter systems: 
also operated by the solid-state apparatus. The - 
stimulus words were typed onto transparency paper — 
and fitted into Easymount 35-mm. frames. A .5-sec. 
visual stimulus duration was employed in an at- . 
tempt to approximate the duration of a spoken 
two-syllable word (Murdock, 1966). At the end 
of each list, .S’s spoken recall was recorded on a 
Sony (Model TC 252) tape recorder. à 

Design and procedure. The Ss were randomly 
assigned to six independent groups representing 
two levels of modality (auditory and visual) and 
three levels of rehearsal strategy (free, active~ 
passive, and cumulative). Twelve Ss served in 
each unique combination of the treatment condi- 
tions. The complete design was a 2 X 3 X 15 
factorial, with serial position representing the only 
within-Ss factor. 

Written instructions were given to each S in- . 
forming him of proper operation of the S-paced 
apparatus and of his particular presentation mo- 
dality and rehearsal strategy. The S was told to 
rehearse in a covert manner, and the instructions 
stressed the fact that recall could be in any order. © 
In the free strategy condition, only standard free- 
recall instructions were provided. In the active 
passive strategy condition, 5s were instructed to 
spend considerable time rehearsing items from the | 
early portion of each list, while devoting only 
passive attention to the final portion. Instructions 
concerning the number of items to be actively or 
passively processed were deliberately vague, thereby 
allowing each S to determine the optimum number 
of items which could be dealt with in this fashion, .— 
The Ss in the cumulative strategy condition were 
told to rehearse in the order they were presented, - 


RESULTS AND DISCUSSION 


The results will be presented in three - 
sections. The first of these includes the - 
study-time data, which were expected to . 
provide evidence on the temporal aspects 
of storage processes for the various ex- — 
perimental conditions, The second section . 
contains the analysis of correct responding. 
The third section consists of an analysis 
of output order percentile which is à 
measure of the average position in output 
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- Ficure 1. Mean median study time for items 
_as a function of presentation position, input mode, 
-and rehearsal strategy. 


of a word as a function of its input serial 
position. 

Study times. A 2 X 3 X 15 mixed anal- 
sis of variance was performed on the 
median study time across serial positions. 
he main effects corresponded to input 
mode (auditory vs. visual), rehearsal strat- 
egy (free, active-passive, and cumulative), 

nd serial position (1-15). The main ef- 
fects for rehearsal strategy, F (2, 66) 
= 31.44, p < 001, MS, = 124,992, and 
serial position, F (14, 924) = 54.91, P 
< .001, MS, = 8,551, were both significant, 
as were the interactions of Input Mode 

X Serial Position, F (14, 924) — 1.96, ? 
< .025, MSS, = 8,551, and Rehearsal Strat- 
- egy X Serial Position, F (28, 924) = 24.46, 
P «.001, MS, = 8,551. However, the 
“most interesting effect was a three-factor 
interaction among input mode, rehearsal 
_ Strategy, and serial position, F (28, 924) 
i= 1.66,  < .025, MS, = 8,851. This in- 

teraction is graphically illustrated in 

ure 1. E 
Figure 1 indicates that the modality 
- effect within the free rehearsal condition 
Was responsible for the triple interaction ; 
consequently, a simple interaction effects 
. analysis of Input Mode X Serial Position 
- for this condition was performed. The 
. results demonstrated significant effects for 

input mode, F (1, 22) 14.02, p < .001, 
MS. = 83,297, as well as the interaction of 
Input Mode X Serial Position F (14, 308) 
= 5.70, p «.001, MS, = 5,309. The in- 
dividual graphs representing active-passive 
and cumulative rehearsal Strategies demon- 
strate what is essentially equality of 
storage processing for auditory and visual 


Ra 


input. Apparently, the explici 


'ehearsal ' 
instructions given to Ss in thes: ‘wo con- 
ditions constrained the nature f input 
processing sufficiently to overr: — the in- 
fluence of input mode on enc ng pro- 
cesses. The temporal profiles fc. sach re- | 
hearsal strategy confirm the fa: that Ss 
did indeed follow the rehearsal iv- ructions 
closely. The curves for cum: tive re- 
hearsal suggest that Ss serially p: cess the | 
list items until the tenth word hen an 
apparent breakdown in the © :ulative 
Strategy occurs. Active-passive — -hearsal 
produced curves which demons: ted in- | 
creasing study time until the eig! ù serial | 
position, at which time Ss began :ssively | 
attending to recency items ano hereby 
lowering the curve dramatica! Free | 
rehearsal resulted in study-ti: curves 
which fell midway between the . ilative 
and active-passive curves sugge ng that 
some Ss employed cumulative itegies 
and some used active-passive itegies 
(cf. Kellas & Butterfield, 1971:  'andler 
& Dean, 1969). However, in v of the 
modality effect described above, ppears 
that the proportion of Ss using c... ulative 


closely 
subjects 


or active-passive rehearsal may 
related to mode of input whe: 
are free to select a rehearsal stra 


Correct responses. A 2 X 3 X > mixed 
analysis of variance was conducte ! on the 
mean number of correct responses at each 
serial position, The main effec! for re- 


hearsal strategy, F (2, 66) = :1.46, p 
< .001, MS, = 4.93, and seria! position, 
F (14, 924) — 15.01, p< .001, MS. = .83, 
were both reliable as was their interaction, 
F (28, 924) = 2.67, p < .001, MS, = .83. 
The main effect for input mode as well as 
all remaining interactions failed to ap- 
proach significance. The Rehearsal Strat- 
egy X Serial Position interaction is not 
surprising in view of the vast differences 
in study time for the various types of 
rehearsal, and indeed, the differences pre- 
viously reported for acquisition times were 
directly mirrored in correct responses (i.e: 
cumulative > free > active-passive). 
The mean number of items recalled out 
of a possible 15 for the cumulative, free, 
and active-passive conditions was 13.01, 
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MODE OF INPUT EFFECTS ON SUBJECT-CONTROLLED PROCESSES 
TABLE 1 1 
PERCENTAGE CORRECT RESPONSE FOR ALL TREATMENT CONDITIONS 


LZ — -— 
Presentation position 
Cor | 
ae 2 3 4 5 6 7 8 9 10 ul 12 13 14 
Free ERN 
Au | 90 | 88 | 85 | 93 | 82 | 88 | 80 | 87 | 73 | 65 | 78 | 82 | 80 | 73 
m ; 92 | 90 | 88 | 90 | 78 | 77 | 78 | 72 | 73 | 67 | 73 | 83 | 65 | 63 
A 85 | 83 | 92 | 93 | 77 | 87 | 72 | 58 | 63 | 57 | 67 | 63 | 57 | 65 
a | 88 | 78 | 90 | 87 | 70 | 70 | 55 | 60 | 68 | 52 | 53 | 57 | 48 | 65 | 87 
| 93 | 93 | 95 | 97 | 90 | 90 | 85 | 83 | 87 | 92 | 95 | 88 | 77 | 83 | 80 
| og | 92 | 95 | 90 | 88 | 93 | 82 | 85 | 92 | 72 | 77 | 87 | 78 | 75 | 73 
AiE 10.63, respectively. Table 1 centile score at each serial position. Again 
t ` percentage of correct responses the main effects correspond to input mode, - 
jor experimental conditions. rehearsal strategy, and serial position. The ` 
Alt! in the auditory presentation — interaction of Rehearsal Strategy X Serial 
| free sal condition spent considerably Position, F (28, 924) = 26.12, p < .001 
more during list acquisition than did MS, = 268, proved reliable as did the 
Ss re ng visual presentation, the recall Input Mode X Rehearsal Strategy X Se- 
perfor ance of the former was no better rial Position interaction, F (28, 924) = 
than :t of the latter. To insure the 4.78, p < .001, MS. = 268. Figure 2 in- 
relial of this result, a simple inter- dicates that mode of input affects retrieval 
actio: effects analysis of Input Mode processes in the form of recall order. The — 
XSe 4 Position for the free rehearsal assertion required some qualification for. 
: condi::on was performed. The results were the free rehearsal condition since the pre- 
quite : car: There was no effect for input vious analysis of acquisition times de- 
mode, ^ (1, 22) < 1, MS. = 5.81, or for monstrated strong differences in storage 
the inicraction of Input Mode X Serial time for the two modalities. It could be — 
Position, F (14, 308) = 1.42, p>.10, argued that the effects of modality on 
MS, = .49. output order are simply a result of dif- 


Output order percentile. Figure 2 shows 
the average position in output of a word 
as a function of its serial input position 
for all six experimental conditions. Output 
scores were obtained by assigning an output 
percentile value to every word recalled by 
S as follows: If S correctly recalled a total 
of n words following the presentation of 
a list, the ith word in his recall was given 
a percentile score of i/n X 100. For ex- 
ample, the first 10 words recalled would 
be given a score of 10%, and the seventh 
of 14 words would be given a score of 50%. 
This procedure has the advantage of nor- 
malizing a word's output position with 
respect to the number of words recalled ; 
the lower the output percentile for a certain 
item, the earlier its position in recall. 

A2 X 3 X 15 mixed analysis of variance 
was performed on the mean output per- 


ferential storage. However, the modality 
effect is not limited to the free rehearsal — 
condition; that is, although the study-time 
analysis demonstrated similarity of storage 
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Ficure 2. Mean output order percentile for 
items as a function of presentation position, input — - 
mode, and rehearsal strategy. 


XT 


of output. To insure that the triple inter- 
"action was not simply a result of the strong 
. modality effect in the free rehearsal con- 
- dition, a simple interaction effects analysis 
of Input Mode X Serial Position was con- 
ducted for both free and active-passive 
rehearsal conditions. The simple inter- 
action effect for free rehearsal, F (14, 308) 
= 4.90, p < .001, MS, = 365, and active- 
passive rehearsal, F (14, 308) = 2.36, p 
< .01, MS, = 396, was reliable. 

— [t appears, therefore, that Ss in the 
- auditory — free rehearsal condition tended 
o recall items in serial order while Ss in 
the visual condition tended to recall re- 
. cency items earlier in the output sequence 
- relative to the auditory condition. The 
Strong serial processing component for the 
auditory-free rehearsal condition, which 
corresponds to the study-time data, was 
transformed intact into a serially ordered 
recall strategy. The cumulative rehearsal 
strategy showed no effect of modality on 
output order as is obvious from inspection 
Í Figure 2, It is also apparent that Ss 
recalled the words in the same fashion as 
they were instructed to rehearse them, 
which supports the suggestion made earlier 
_ that the study-time curves for the cumu- 
lative rehearsal condition indeed represent 
the serial processing of list items. Prob- 


ably the most interesting result obtained 


i with the order-of-recall measure was that 


the modality effect in the active-passive 
rehearsal condition was the reverse of that 
for free rehearsal. On the average, Ss em- 
Ploying the active-passive rehearsal strat- 
egy with auditory presentation tended to 
utilize a terminal item recall strategy more 
1 often than did Ss receiving visual presen- 
tation. That is, Ss receiving auditory 
stimuli apparently took advantage of a 
direct readout of acoustic information by 
outputting recency items early in recall. 


js 
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GENERAL DISCUSSION 


The results clearly indicate that effects 
arising from mode of input may extend further 
into the information-processing sequence than 
many investigators have assumed. Previous 
research has demonstrated that auditory input 
leads to better recall of recency items than 
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“on occurs. 
»vestiga- 
onditions 
sal, the 
resenta- 


does visual input when list present: 
at fast E-paced rates. The presen 
tion has demonstrated that unde 
conducive to large amounts of re! 
acoustic trace produced by audito: 


tion might have inhibitory rather ^ facili- 
tatory effects on information proc: a. The 
major point of interest here is tha: — :odality 
apparently has a strong influenc: S-con- 
trolled processes; that is, these pro: «es may 
be employed in a. compensatory ner to 
circumvent the inhibitory effects œ -uditory 
input. Implicit in this discussion he pre- 
sumption that S is capable of active!» manipu- 
lating the various control processes  vailable 
to him in order to analyze stimulus forma- 
tion to the level necessary for suc ful re- 
trieval, as well as adjusting this |. hod of 
retrieval to complement his sto: plan. 
These S-controlled processes can i- utilized 
during either storage or retrieva d will 
necessarily be restricted by experin il con- 
ditions which set constraints upo: put or 
output. For instance, a strict « recall 
requirement obviously places str limita- 
tions upon both storage and retrie ontrol 
processes. 

In the present study, acoustic t: from 
the most recent items are assumed : terfere 
with the recirculation of items rently 
maintained in a rehearsal buffer. inter- 
ference most likely results from the «! nilarity 
between the acoustic trace and the mode of 


subvocal articulatory-acoustic rehes sal. In 


general, this interference would be e:-entially 
negligible unless experimental conditions al- 
lowed for large amounts of rehearsal as in the 
present S-paced task. Under visua! presenta- 
tion, interference of this kind would be non- 


existent since the iconic trace has an extremely 
short duration (Averbach & Corie! 
Sperling, 1960, 1967) and is physically disti 
from articulatory-acoustic rehearsal. 
magnitude of the modality effect in the free 
rehearsal condition appears to be consistent 
with the proposed rehearsal interference 
hypothesis. 

Under free rehearsal conditions, when $ 
presents a list item to himself and adds the 
current item to those already recirculating 
within a rehearsal buffer, the acoustic traces 
from the most recent items may persist and 
consequently interfere with rehearsal. How- 
ever, the trace from the most recent item 
would be the strongest so that its inhibitory 
effect would be the greatest. In addition, 
the earlier an item occurs in an auditorily | 


“presented list, ‘xe more it must be rehearsed 
in order to ercome the adverse effects 
— produced b: trace of each additional item. 

That is, t! »earsal of the first-list item 
would be ex 1 to interference from traces 
of more it chan would the second-list 
item, and ıı The patterning of inter- 
ference cor: ids to the application of a 
cumulative irsal strategy similar to that 
employed i: present study, and it is ap- 
parent that | the auditory — free rehearsal 
condition < used this particular strategy. 
In this cas: riation might have been em- 
ployed as cans to compensate for the 
detrimenta! cts of auditory presentation 
by creating ler information in addition to 
item infor: vn. Furthermore, this method 
of rehearsa vably insures that information 
will be pr d to more permanent levels 
of storage ı are not affected by acoustic 
confusabili Chose Ss receiving visual pres- 
entation « ved more flexible rehearsal 
strategies | were not constrained by the 
mode of : wsal. A further indication of 
the adapt y within the visual mode is 
that Ss i: visual condition appeared to 
be less co ined in their order of recall, as 
opposed t receiving auditory presentation 
who empl a serial retrieval order matching 
the more : -consuming cumulative storage. 


There wue no significant study-time or 
correct-res se modality effects in the active- 
passive r« rsal condition. However, the 
output order analysis clearly demonstrated 


the persistence of a modality effect in that Ss 
receiving auditory presentation tended to ini- 
tiate their recall with recency items more 
frequently than did Ss receiving visual pres- 
entation. This is presently interpreted as 
evidence for the use of compensatory S-con- 
trolled retrieval processes which capitalize on 
the presence of auditory information from the 
Most recently presented items. It might 
initially appear that an Input Mode X Serial 
Position interaction should have been obtained 
for the active-passive condition in view of 
the strong tendency for Ss receiving auditory 
Presentation to employ a terminal item recall 
Strategy. However, due to the high level of 
recall resulting from S-paced presentation, it 
is not surprising that this interaction did not 
emerge, 

In the cumulative rehearsal condition, input 
mode produced no effects on any of the three 
dependent measures. This might be due to 
- the fact that an instructed cumulative re- 
hearsal strategy places strong constraints upon 
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the typical rehearsal flexibility of the visual 
mode. The flexibility would also be eliminated. 
Írom retrieval processes since anything but. 
strict serial recall following cumulative re- 
hearsal would be inefficient. The absence of 
correct response differences resulting from 
input mode in this condition suggests that 
cumulative processing overrides the effect of - 
interference. If true, then the cumulative 
instructions were redundant with the effect 
of auditory presentation. 

The major implication of the present paper — 
is that, under conditions which allow uncon- 
strained rehearsal, the interference arising 
from the similarity between the acoustic trac 
and the rehearsal mode cannot be avoided; | 
however, S-controlled storage or retrieval : 
processes can be utilized in a compensatory - 
manner to counteract this interference. It is - 
also important to note that since the mode - 
of input influences S-controlled processes 
during storage and retrieval, any theoretical — 
delimitation of the locus of the modality 
effect to storage processes alone is probably 
inadequate. 
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xperiments on the cued and noncued recall of nouns pairs, pairs were 

y varied as high (H) or low (L) in rated imagery-concreteness (IT-0). 
ure of pair unitization, based on Horowitz and Prytulak's 1969 index, 
vn to predict relative levels of cued recall for a given set of comparisons. 
r cuing facilitated recall relative to noncued recall was found to depend 
vairing, test delay, ànd instructed strategy. With imagery or associa- 
tegy instructions, cuing facilitated recall for H-H pairs tested im- 
ly or after a 24-hr. delay, but not for L-L pairs. Cuing facilitated 
mixed J-C pairs tested immediately, but not at a delay. With repeti- 
instructions, cued recall did not exceed noncued recall for H-H 
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at test, he can recall the 
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PORTION OF UNITIZATION AS AN INDEX 
OF CUED RECALL LEVEL ! 


MICHAEL A. KARCHMER? 
St. Francis Xavier University, Sydney, Nova Scotia, Canada 


of word pairs that S is asked to recall. 
Each whole pair (Wi) is composed of two 
members (Mj). The probability that the — 
S will recall the whole pair, given that he . 
has recalled one of the members, P(Wi|M)), 
reflects the degree of redintegration. The 
higher the value of P(W | M), the greater 
the tendency to output the pair members 
together. If pair members are recalled to- 
gether in free recall because they were 
represented in memory in some relation- 
ship, then the P(W|M) index (hereafter 
to be called the proportion of unitization) 
can be said to provide an estimate of the - 
degree to which elements were unitized 
or associated in storage. Hence, under 
conditions where the proportion of unitiza- 
tion is low, cued recall should also be low ; 
where the proportion of unitization is high, 
cued recall should be high. Any variable 
that affects the proportion of unitization 
in free recall should likewise affect the 
level of cued recall. | 

In Experiment I, two variables were - 
manipulated in an effort to produce varia- —. 
tion in the proportion of unitization: (a) | 
rated imagery-concreteness (I-C) of the | 
word pairs, with high and low I-C words 
factorially varied, and (b) instructions, with 
interactive imagery compared to an asso- 
ciative strategy. 

A related question concerns the effects 
of these variables on the comparison of 
cued and noncued recall. Although no 


explicit prediction can be made regarding 


351 


Nx 2 < i 
1oncued recall level, the expectation is that sessions, were told that they would sce «9 cards at 
the greatest advantage to cuing should be ê ©sec. rate and that each card wo contain 2 


2 e Eu T è A words, for a total of 80 words. They w nstructed 
. in conditions where unitization is high. that later they would be asked for recall he words, 
_ One other study (Begg, 1972) has compared The Ss were told to pay close attentio 


the way 

cued and noncued recall as a function of the 2 words on each card were paired : í. sociatiye: 
rated concreteness. Begg used meaningful 2 Sapay, m: ud try to make — sociations. 
1 oN. 5 T tween the members of each pair. . ." imagery 
adjective-noun phrases, all Showing A high Ss, “You should try to make bizarre m pictures, 
degree of functional unity in terms of the combining images of the members of eac] r5. 


— Horowitz and Prytulak (1969) measure.  [ncases where words were hard to visua imagery 
E There is some possibility that some of Ss were to relate those words to soni ing they) 
1 Begg's results. were specific to adjective- could visualize, An example card cx ling the 


noun phrases. In the present study, pairs sie rab er peetacissed i. reme | 
of unrelated nouns were employed. 


z : The Ss presented the list to themselve~ holding - 
Finally, there are no published data the cards as a deck and flipping to th sext one 
comparing cued and noncued recall at a — when they heard a soft click from an elec. ic timer, 


Such comparisons, Each S saw the pairs in a different rand der, 
ditions above, were Half of the Ss were tested immediat: ind half 
? were tested 24 hr. later. Approximate! -30 sec, 
elapsed between the last word of the ind the 
beginning of the immediate recall, st, the 
] EXPERIMENT I noncued Ss were given a blank piece oí ver and 
- Method. asked to write down as many of the &. ords as 


H 1 they could, in any order. If Ss coul rember 
Design. The Ss were shown pairs of nouns and what words went together, they were t« e them 


were instructed to remember as many of the wordsas next to each other. Cued Ss were epared 
possible. Half of the Ss were instructed to make sheets and told to fill in the missing men If Ss 
associations between rs of each pair could remember a word but not its pairing. 'enthey 

and the other half were — were to write the word anywhere on the: | sheet, 


mental’ pictures in which Seven minutes were allowed for recall. 


pair members interacted Subjects. One hundred and twenty-«\t intro- 
Either immediately after ductory psychology students at Emory | iversity 
or after a 24-hr. delay, served as Ss as part of a course require: :. The 
ne of the pair members or Ss had to sign up for two sessions 24 apart, 
remembered contained an The Ss in the groups tested immediately po .cipated 


pairings of high (H) | inan unrelated experiment during the sec session, 
-H, L-L, H-L, and L-H. The Ss were assigned to conditions by erder of 
ed immediately or after a appearance according to a randomized blo- ': design. 


involved two between-Ss Scoring. In order to compare cued and noncued 
- associative instructions recall, Ss’ protocols were scored for recall of “critical” 
ecall) and two within-Ss words. Critical word recall for the cued Ss refers to © 
L cues and H vs. L to-be- the number of TBR words recalled, Critical word 
d recall for noncued Ss is defined as the rec:il of the 
Eighty nouns from the norms of TBR words for which the corresponding cued Ss 


N had been responsible. For example, a cued .5 might 
h imagery and concrete- have seen the pair REACTION ELEPHANT. At test, | 
elephant might have been given as the cue, and 5 
would have to write reaction. The corresponding 
noncued 5 would have been scored for recall of the 
A word reaction. For purposes of scoring, a pair so 
tion received each -Half of the Ss in each condi- tested would be called an H-L pair, even though it 
typed on index vids dc The Word pairs were had been seen in L-H order during presentation. 
s side by side in ERRA pem In other words, cue-TBR refers to the way the pair 
j A prepared sheets was tested and not to th tation order. The 
with a random orderi ; x e presenta: 5 
member ot eash REAL Am the left side of one "cue" in noncued recall refers only to the word with 


lf of these T i i ation. 
the left- and half the right-hand Rue pen which the TBR had been paired during presentation. 


tation for each of the four IT-C Pairings. Cues wei n x , 
7. 5 re Subsequent analysis showed that presentation 
M e that the cues for half of the — order had negligible effects on cued and noncued re- 
is d rus to-be-remembered (TBR) words for call. The only exception was that, for delayed non- 
P. d Ar Th DISP cs RE cued recall of L-L pairs, there was a left-side 
focedure, e Ss, participating in individual Superiority of recall, £ (31) = 2.15, p < .05. 


measures (L). 


atically so that there were 10 each - =l 
H-L, and L-H pairs, ea h 


D)N 


TABLE 1 


iyi or CRITICAL Worps RECALLED (Or 10) AT IMMEDIATE AND 
' Test COLLAPSED Across INSTRUCTIONS AS A FUNCTION OF TYPE OF 
i L AND IMAGERY-CONCRETENESS CuE-TBR-PAIRING: EXPERIMENT I 


ie 


"TOT 5 ze. i: Y ~ : ¢ 3 í ie 
C^:D RECALL AND IMAGERY OF NOUN PAIRED ASSOCI 


ATES ; 


Imagery-Concreteness 


Recall tes 


F Results anc ussion 


The da: immediate and 24-hr. de- 
layed rec: cre submitted to separate 
analyses of nce because of the tendency 

3 for delay: nditions to show smaller 
variances, evidently to floor effects. 
The analy f variance for the immediate 

- test conditio s showed a significant main 


effect beyon: the .01 level for type of recall, 


F (1 60) 77.62, indicating the over- 
* all superio: of cued recall. Cue I-C, 
F (1, 60) = 72.39, and TBR L-C, F (1, 60) 


L = 28.93, were both reliable effects (ps < 
01). The Type of Recall X Cue I-C in- 
teraction was significant, F (1, 60) = 57.06, 
- P < .01, reflecting the greater difference 
between cued and noncued recall when H 
was the cue than when L was the cue. 
Cue [-C x TBR I-C also interacted, 
E (1, 60) = 4.70, p < .05. The main effect 
k of instructions was not significant (F < 1), 
Nor were any interactions that included 
. Instructions. In the present case, therefore, 
the two instructions were functionally 
- equivalent Table 1 gives the mean 
number of critical words recalled for each 
of the four possible J-C pairings as a func- 


4 
i iuc Quse and Wollen (1973) have recently shown 
jen parre images lead ta mo better cued recall of 
Re agey pairs than do ordinary images. 
IS images also were less efficient in thatthey 
of d to form. Hence, performance in some 
euni at y conditions may not have been 


H-H H-L = L-L 
1 (ToMAHAWK-LEMON) (CicAR-DEMOCRACY) (HATRED-FOREHEAD) (IMPULSE-BELIEF) ~ 
End 
ued 7.03 5.38 347 2.63 
m | Q.16) (2.42) (1.60) (1.62) 
Noncuc pe 1.78 2.13 1.94 
2. A | (1.51) (1.17) (1.34) (1.27) 
ued 2.78 1.53 1.16 0.63 
(1.60) (1.37) 1.37 1; 
Noncu« 1.78 0.88 m 9. 
| (1.49) (0.89) (1.56) (0.85) 
Note. For all 1 zai Abbreviations: H = high, L = low, TBR = to be remembered, 


tion of type of recall for both retention 


The results of the delayed recall analysis 
must be viewed with caution becaüse of the 


intervals. Pe 
; 
p. 


low levels of recall and the consequent in- ^. 


sensitivity of measurement. 
variance of the delayed conditions appears 


to show a pattern of results similar to the — 


immediate conditions, with one exception: 
Cued did not exceed noncued recall overall, 


F (1,60) — 3.45. However, the Type of E ; 


Recall X Cue J-C interaction was signifi- 
cant at the .01 level, F (1, 60) = 8.61, 
suggesting some enhancement for cued re- 
call when H was the cue. As in immediate 
recall, significant effects obtained for cue 
LC, F (1, 60) = 38.54; and TBR I-C, 
F (1, 60) = 27.23 (ps < .01), and the Cue 
I-C X TBR I-C interaction, F (1, 60) 
= 549, p < .05. Again, neither the main 
eflect nor any interactions involving in- 
structions approached significance. 

In order to examine the pair-wise differ- - 
ences, Tukey's HSD test was employed — 
(Kirk, 1968). The data were collapsed. 
across instructions, since they did not differ. 
For the immediate test comparisons, HSD 
equals 1.18 at the .05 level of significance 
and 1.40 at the .01 level. For delayed test, 
gaps of .82 and .98 are significant at the 
.05 and .01 levels. 

Two questions were of primary interest. 
First, where were the cued-noncued differ- 
ences? For the immediate test compari- 


f 
3 
y 


For the de- 
- layed conditions, cued H-H recall exceeded 
- the other conditions, which did not differ 
among themselves. It should be noted 
that the I-C effect was produced in the 
"present study by a technique different from 
a typical paired-associate procedure. In 
the present study, both pair members were 
- designated TBR words. Therefore, cue 
- and TBR were terms that had meaning 
only in the context of the test. This implies 
that the [-C effect on recall does not depend 
on S's knowledge during encoding of which 
item is to be tested, Yarmey and O'Neill 
(1969) also obtained the effect under 
similar test conditions. 

Proportion of unitization. The propor- 
tion of unitization for each pair type at 
each of the two retention intervals. was 
calculated as the number of 
.called pairs (i.e., 
contiguously ; 


divided by the sum of that number plus 
the number of 


where both members were recalled. As an 
l t for L-L pairs 
tested immediately, a total of 38 pairs were 


32 pairs were partially 
recalled; and 2 other pairs were noncon- 


tiguously recalled. Proportion of unitiza- 
tion was 38/(38 + 32 + 2) = .528. 
This measure of unitization differs in 


two respects from that of Ho- 
Prytulak (1969). (a) Here, p 
could have been either the i 
member of a pair. This che; 
ranted, since what was des: 
overall estimate of unitizatior 
pair members are designated T! 
S not knowing how he is tc 
(b) Contiguous recall of pai 
was required as evidence of . 
Begg (1972) has criticized H. 
Prytulak's measure on the gr: 
P(W|M) can be high merely | 
independent probability of re 
of the pair members happens t 
This criticism is not applica 
present case where contiguous | 
explicitly required. With t 
measure, noncontiguously rec 
cannot inflate the measure, 
Proportions of unitization fo 
L-L pairs were based on 32 < 
20 words; mixed J-C pairs we 
32 Ss' recall of 40 words. | 
mediate test, the proportions of 
for H-H, mixed, and L-L pai: 
-65, and .53, respectively. For: 
test, the proportions of uniti: 
66, .54, and .33. If the pro 
unitization for the mixed pairs i 
for each input order separate! 
equal results obtain. For the i: 
test, proportion of unitization {or pairs 
seen in H-L order was .66, and in 1.-H order 
.64. For the delayed test, the values were 
.53 and .55. E 
Basic to this study is the relationship ~ 
between cued recall and proportion of 
unitization. It has been hypothesized that 4 
Proportion of unitization should serve as 
an independent index of the relative levels | 
of cued recall for a given set of comparisons. 4 
The correspondence between the two mea: 
sures can be seen in the fact that cued recall D 
follows the same order as unitization at 
each retention interval. The H-H pairs 
show the highest scores on both measures, 
L-L the lowest, and the mixed pairs fall 
in between. It should be noted that the 
H-L and L-H Observations for each test 
delay logically must be assigned the same 
Proportion of unitization score. Given | 


vitz and 
ids that 
use the 
ing each 
be high; 
to the 
ing was 
present 
d pairs 


H and 
recall of 
ised on 
the im- 
tization 
ere .84, 
delayed 
on were” 
tion of; 
mputed 

nearly 
mediate 
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that there w 


- be assumed 


no difference in unitization 
on order, mixed pairs must 
: stored in memory in like 
id TBR having meaning 


due to prese: 


"manner, Ci 
only in term retrieval. 

One furth: servation should be made. 

In the cued s, 98% of the TBR words 

- recalled. im: ately and 94% of those 

recalled at ay were given next to the 

correct cue: his means that few non- 


's were given in cued recall, 

| been encouraged to do so. 
xtent that such nonunit- 
ire excluded from output, 
ire undoubtedly underesti- 
vailable for recall, 


unitized res 
although Ss 
Thus, to t 
ized respor 
a cuing pr 
mates wha 


XPERIMENT IL 


Experim ![ was a modification of Ex- 
periment n order to make a clearer 
statement : the relationship of unitiza- 
tion to cu call, it seemed desirable to 
compare p “nance for Ss using clearly 
different si: ‘egies to learn the same pairs. 
A strateg, viously shown to produce 
low levels "ued recall when compared 
with various associative strategies is word 
repetition z, Bower, 1972; Bower & 
Winzenz, 1°70), It was hoped that repe- 


tition would similarly reduce unitization. 


_ The particular strategy with which repe- 
pn was to be compared also varied from 
that of the experiment. Since the first 


experiment had shown no difference in re- 
call for the two instructions compared, it 
Was decic to give a combination of 
Connection" instructions. These instruc- 
tions described several ways S could relate 
members of a pair, stressing that S's main 
Object was to connect the two words so 
that they could be remembered as a pair. 
hus, it was hoped that connection and 
Tepetition instructions would be sufficiently 
different to allow a clear comparison 0 
Strategies across the same -C pairings. 
Begg (1973) recently compared cued 
and noncued recall of concrete noun pairs 
Where intrapair organization was manipu- 
lated by instructions. Begg found that 
interactive imagery instructions to 
facilitation of cued vs. noncued recall, while 


CCD RECALL AND IMAGERY OF NOUN PAIRED ASSOCIATES 


separated imagery instructions did not 
Surprisingly, however, Begg reported only — 
weak enhancement for interactive imagery | 
of the proportion of words correctly paired k 
in noncued recall. 


Method 


j Design. Groups given either connection or repeti- 
tion instructions were shown lists of H-H and L-L 
pairs and were tested for either cued or noncued 
recall. Two additional groups, procedurally equiva- - 


columns listing in random order one member of each Ñ 
pair followed by a blank. Half of these cues for each 
I-C pairing had been the top and half the bottom 
members during list presentation, Each S was given 
a booklet containing presentation instructions, a 
blank page for a filler task, recall instructions, and 
recall sheets. 

Procedure. The experiment was conducted in 
groups of 8-14 Ss. All Ss were instructed that they 
would see 40 word pairs at a 6-sec. rate and that 
they were to remember as many of the words as 
possible. E 

The Ss given connection instructions were told 
to try to combine the two words on each slide so 
that they could remember them as a pair. Several 
ways of combining the words on each slide were 
suggested: forming an interactive mental picture, 
thinking of a sentence that contained the two words, 
and making an association relating the two words. 
"The Ss were told that they might wish to use differ- 
ent techniques for different pairs. The Ss given 
repetition instructions were to repeat the two words 
on a slide silently, one after another and beginning 
with either word, and to continue to do this until the 
next slide appeared. Two samples pairs were dis- 
cussed in the instructions. 

After Ss had read the instructions, an example 
slide was projected, followed by the 40 test slides. 
A different random presentation order of the list 
was used for each of six experimental sessions, 
Immediately following list presentation, Ss were 
engaged in a backward subtracting task for 1 min. 
to prevent rehearsal. The Ss were told to read the 
recall instructions and began recall 15 sec. later. 
The recall instructions were the same as those 
used in Experiment I. Seven minutes were allowed 


for recall. 
Subjects. 
Cleveland, Tennessee, 
There were 11 Ss in 
repetition unitization estimate group. 


Sixty-four students at Lee College, 
volunteered to serve as S. 
five groups and 9 Ss in the 
Only one of 


TABLE2 — — 


Mean (SD) Cuen REcaLL, Noncvep RECALL, 
AND PROPORTION OF UNITIZATION AS A 
FUNCTION or INSTRUCTIONS AND TYPE 

Or ParRING^; EXPERIMENT II 


Imagery-Concreteness eae QE d ELA 
CORDESEM instructions EO 58 a 
(4.73) (2.60) 
L-L 4.09 2.36 31 
(3.27) (1.21) 
Repeution 5.73 AAS E 
(3.72) (1.43) 
L-L 1.09 27 44 
(0.94) (1.89) 
Note, Abbreviations: H = high, L = low, 
— * Maximum possible recall = 20, 


the word pairings was used for Ss present at a session, 
Within that restriction, Ss were assigned to condi- 
ions by randomized blocks. 


Results 


The mean numbers of critical words re- 
S called for each of the two I-C pairings as a 
_ function of type of recall and instructions 
are given in Table 2. Analysis of variance 
showed an overall cuing effect, F (1, 40) 
14.86, p < .01. The significant main 
effect of instructions, F (1, 40) = 19.20, 
_ < .01, confirmed the superiority of con- 
nection to repetition strategy. As expected, 
-C pairing was significant, F (1, 40) — 
fe 109,24, < .01. The interactions of Type 
- of Recall X Instructions, F (1, 40) — 14.36, 
- "Type of Recall X I-C pairings, F (1, 40) 
= 12.05, and Instructions x J-C Pairing, 
ETE (1, 40) = 9.98, were also significant (all 
Ps < .01), as was the triple interaction, 
R (1,40) = 6.15, p < .05, 
E Independent ¢ tests were computed for 
. cued vs. noncued recall of critical words 
r for H-H and L-L pairings for each type of 
instruction. Cued recall significantly ex- 
. ceeded noncued recall only in the case of 
= H-H pairs learned With connection in- 
structions, £ (20) = 5.42, b < 01. 

The proportions of unitization, obtained 
from the recall of the two groups tested 
solely for that"purpose, are given in Table 
2. As shown in the table, proportion of 
unitization and cued recall follow identical 
orders. 


Er 
GENERAL Discussi 

The results of both experimen early sup: 
port the hypothesis that ther is a high 
positive relationship between ;ortion of 
unitization and level of cued re In Ex 
periment I, proportion of uniti on scores 
were obtained for H-H, L-L, ar« xed pai 
at both immediate and 24-hr. c ed test: 
At each test delay, cued recall wa the same 
order as proportion of unitizatio í -H, L- 
with mixed pairs in between. Ir he second 
experiment, the proportion of nitizatiom 
Scores were made to vary from to .73 by 
comparing H-H and L-L pairs fo: employ- 
ing two clearly different strate; Again, 
the order of the cued recall and p: »ortion of 
unitization scores agreed. Thus. the data 
from both experiments support th: onclusion 
that proportion of unitization b on non- 
cued recall provides an independ estimate 
of the relative levels of cued reca!  - a given 4 
set of comparisons. 

One flaw with the unitization c ption as 
it pertains to cued recall has to d. ih mixed 
I-C pairs. In Experiment I, ti: igh -C 
word was found to be the better c than the 
low I-C word. Lockhart (1969) ! iescribed 
this as retrieval asymmetry. Sus retrieval 
differences in cued recall cannot b- »redicted 
from considerations of unitization : Since 
the stored state of mixed pairs th’ «re to be 
tested with a high J-C cue sho i be no 
different than that of pairs whici. «re to be 


tested with a low J-C cue, the rele 
tions of unitization cannot be distin 

The results of the study ind 
whether or not cuing facilitates ri 
to noncued recall depends on the ra: 
the cue and TBR words and the nature of the 
encoding strategy that is used. ain, the 
underlying consideration appears to be unit- 
ization. Only where intrapair organization, as 
reflected by the proportion of unitization, was 
high (greater than .65 in this study) did cuing 
produce superior recall. 

In the two experiments reported here, all 
but one comparison of cuing vs. noncuing of 
H-H pairs showed cuing to produce signifi- 
cantly higher recall. The exception was for 
H-H pairs learned with repetition instructions, A 
where unitization was .49, 

Begg (1972) has investigated the cued and 
noncued recall of adjective-noun phrases, 
where the phrases showed a high degree of 
functional unity in terms of Horowitz and 
Prytulak's (1969) index. Factorially varying 


elative 


ed I-C of 


CUED RE! 


whether the “rase components were coi ete 
or abstract, ^g compared cued and noncued 


recall. He licted that cued would exceed 
-moncued re for phrases he assumed were 
coded asint. »ted images, but not for phrases 
- he assume: ere coded as verbal strings. 
- The results e consistent with the expecta- 
tion: For crete phrases, such as rusty 
engine, cuit rpassed noncuing for both ad- 
- jective and ı recall. For abstract phrases, 
. such as i» ble amount, cuing did not en- 
hance recs The present study showed 
parallel res with H-H and L-L noun pairs. 
Begg's (! results for mixed pairs appear 

to differ s «hat from those of this study. 
In Begg's iparisons of concrete-abstract 
phrases (/ lance) and abstract-concrete 
phrases (c ble hotel), the only significant 
~ cued-non: liference occurred for concrete 
nouns ser: :s the cues for abstract ad- 
jectives ( ituation comparable to H-L 
noun pair In Experiment I, cued recall 
of both H ! L-H pairs was elevated over 
noncued r These discrepancies partially 
may reflec different materials tested. In 
terms of ! hypothesis, there appears to 
be little re to expect phrases such as fat 
chance to | ied as integrated images. How- 
ever, there — che distinct possibility that the 
mixed nou irs in the present study were so 
encoded. S, not constrained by input 
order as : phrases, may have encoded 
mixed pair integrated images by recoding 
the Low wc: in terms of a concrete referent. 
For example, for the pair CIGAR-DEMOCRACY, 
many Ss r ported thinking of a politician 
smoking a cigar, In this view, incidentally, 
the fact tha: the low word was the inferior 


retrieval cu. can be accounted for because it 


“Bower, G. H., & Winzenz, D. Comparison of asso- 


VR 3 ; d 


is a step further removed from the en 
unit (cf. Paivio's, 1969, conceptual 
hypothesis). 
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on study trials. 


This experiment was designed to extend previous 
rch on the effects of semantic context on mem- 
Dooling and Lachman (1971) and Bransford 
ind Johnson (1972) have shown that appropriate 
contextual information can facilitate recall of para- 
graphs that are specially constructed to be difficult 
to understand. In the present study, S’s task was to 
learn a list of unrelated sentences, each of which was 
constructed so that it did not clearly specify a par- 
icular referential situation (e.g., John could see his 
_ face in the body). One independent variable was the 
vailability and appropriateness of the semantic con- 
ext provided for each sentence. In the appropriate- 
context condition, a cue preceding each sentence 
designated an appropriate referential situation (e.g., 
new car). No-context Ss did not receive information 
- about possible referential situations for the sen- 
- tences, In a third condition, inappropriate context, 
|. Ss were given cues that would induce them to try 
relate each sentence to an inappropriate seman- 
tie context (e.g., football). Bransford and Johnson 
(1972, Experiment I) had included a partial-context 
condition, in which the context was not completely 
"appropriate for the paragraph used. Recall in their 
rtial-context condition did not differ significantly 
‘om their no-context condition. However, since 
some of the elements used in the partial context were 
relevant to the paragraph, both positive and negative 
ects probably were operating. Under the present 
onditions, a clear negative effect of inappropriate 
ntextual information was expected. 
A second independent variable was presentation 
rate. In previous studies, involving fairly long pas- 
sages and relatively rapid rates of presentation, Ss 
‚who were not provided with appropriate contexts 
frequently reported that they were “searching for 
something the passage might be about.” We ex- 
pected that with a sufficiently slow rate of presenta- 
tion, no-context Ss would be more likely to discover 
meaningful interpretations of the individual rela- 
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SHORT REPORTS 
CONTEXT EFFECTS IN SENTENCE MEMORY ! 


MARCIA K. JOHNSON, THEODORE J. DOLL, JOHN D. BRANSFORD, axb ROBERT H. ! 
State University of New York at Stony Brook 


The effects on recall of unrelated sentences of both appropriate and inappro 
priate contextual information relative to no contextual information wer 
studied. In addition, the materials were presented at either fast or slow rat« 

Inappropriate contexts retarded performance under th: 
fast presentation rate and, contrary to expectation, the beneficial effects o! 
appropriate contexts did not diminish under the slower presentation rate. 
Overall, the results provide further evidence of the importance for recall o: 
the semantic context active during sentence processing. 


tively short sentences used in the ; 
"Fherefore, the beneficial effects of p: 
priate contexts might be reduced und. 
pared to fast presentation rates. 
Finally, the procedure included th 


trials. Previous studies have involv« 
recall test. It was of interest to det 
the advantage of the appropriate-co: condition 
would persist over trials, since no-co Ss might 


nal expo- 
he slower 


be expected to benefit more from ad: 
sures to the material, especially unc 
presentation rate. 


METHOD 


An independent groups design was use consisting 


of the factorial combination of the © e context 
conditions with the two presentation rat -onditions. 7 
‘There were 23 Ss in each condition. Eac 5 received 
three alternating study and test trials c; « list of 18 7 


unrelated sentences. 

Materials. Fifty context-sentence pai: 
inally generated, with the requirement ti. 
tences be consistent with the grammatica] and se 
mantic constraints of ordinary convers:tional En- 
glish, yet sufficiently ambiguous that th referential 
context was not immediately obvious from the sen- 
tence itself. The 18 that were judged by the four | 
authors to best meet these criteria were sclected for 
the acquisition list. Four examples, with appropriate , 
contexts given in parentheses, are: The crowd expect - 
antly waited for the steam (geyser) ; He kicked twice but 
got no change (vending machine) ; The eye is compara- 
tively calm (hurricane); and The bird was too st 
for the family (Thanksgiving dinner). 

The sentences were tape recorded in the same of 
der for each of the six conditions. The order re: 
mained constant on the three study trials. The 
tapes for all conditions were created from a single - 
recording of each sentence and each context. 

In the appropriate-context conditions, each sen- 
tence was immediately preceded by its appropriate” 
context. In the inappropriate-context conditions; 
contexts and sentences were re-paired so that there 
was no apparent relationship between a context and - 
the sentence that followed it. In addition, € 


; were orig- 
t the sen- 


-arated by at least four context-sen- 


context we 

tence pairs : its appropriate sentence, For the 
no-context ‘tions, the word ready preceded each 
sentence. 

In the ! »nditions, the presentation rate ap- 
proximate t of ordinary conversation. The in- 
terval bets he end of each sentence and the be- 
ginning o! xt context was about 1 sec, and the 
total time ie presentation of the 18 items was 
approxima ; min. 33 sec. For the slow condi- 
tions, the || was increased to about 7 sec. and 
the total ‘tation time was approximately 3 
min., 23 s 

For à list, four additional context-sen- 
tence pair . chosen from the original pool of 
items, T! of presentation and type of context 
for the p list were the same as those for the 
experimer ;adition which followed it. 

Proced \ group testing procedure was used, 
with ex; || sessions assigned randomly to 
condition 5s were instructed that they would 
hear a s entences a total of three times and 
that they have 5 min, after each presentation 
of the lis down in any order as many sen- 
tences a d recall. Appropriate- and inap- 


t Ss were further instructed that 
phrase preceding each sentence that 
n understand the sentence, but that 


might he!; 


only the ices need be recalled. Prior to the 
acquisiti« the practice list was presented, 2 
min. wert ed for recall, and any questions about 
the proce: ore answered. Response sheets were 
collected ach recall period. a 
Subjects. ‘ne Ss were 159 male and female un- 
dergradu: nrolled in introductory psychology 
courses a State University of New York at 
Stony Broo. Data from 21 Ss were randomly dis- 
carded to «:,:alize the ns at 23 Ss per cell. The Ss 
received crv tit toward a course requirement and the 
S with the ^st performance in each group received 


$5. 


RESULTS AND DISCUSSION 


Protocols were scored for complete Sentences 
Each response was scored by two of three “blind” 
raters, Responses containing only minor changes, 
such as change of tense, reordering of phrases, or 
replacing oí proper names by pronouns were judged 
ascorrect. In the case of a discrepancy between the 
raters, S was not given credit for the response. 

The means are given in Table 1. Separate anal- 
the appropriate-context 


These analyses will be considered separate pat 
Appropriate context versus no , As indi- 
over trials, 


Recall also im- 
proved when appropriate ts were provided, 
F (1,88) = 24.70, p < .001, and when the pee 


tion rate was decreased, F ( Ol 
More importantly, à significant Context X Trials 


TABLE 1 
MEAN NuMBER OF COMPLETE 
SENTENCES RECALLED 


Trial 
Context-pre- 
sentation rate 
1 2 3 

Appropriate-fast 3.96 8.56 11.74 
Appropriate-slow 5.87 11.22 13.39 
No-context-fast 2.43 6.65 9.48 
No-context-slow AAT 1.39 10.35 
Inappropriate-fast 2.04 5,00 6.96 
Inappropriate-slow 3,26 7.17 9.74 


interaction, F (2, 176) = 3.79, p < .025, indicates — 
that the acquisition rate was greater under appro- 
priate- as compared to no-context conditions. 1 
Our original expectation was that the slower pre- 
sentation rate would be most beneficial to no-context — 
]l advantage of appropriate 
hat, though not sig 
nificantly, greater under slow as compared to fast 


present study. 
a set to genera! 
them examples of contextual ''sol 
comprehension for these types 
produce more effective use of available time. On thi 
other hand, even if the slower rate did allow no-con- 
text Ss to generate meaningful interpretations, any. 
time spent searching for meaning probably reduces — 
time available for other uses of the study interval 
—e.g., rehearsing, imaging, and/or interrelating sen- - 
tences. Therefore, it may be that the advantage de: v. 
rived from having an appropriate context immedi 
ately available would persist under an even wider * 


range of conditions. Ut Lud EX 
Inappropriate context versus mo co wt, As indica- 
ted natok 1, recall increased over trials, F Q, 176, 
= 2.88, p < .001, and when the presentation rate 
was decreased, F (1, 88) = 11.35, p <.01, There - 
was also a main effect of context, F (1, 88) = 4.28, 4 
p <.05, indicating that providing inappropriate 
contexts retarded overall recall. The Context X 
Rate X Trials interaction was also significant, F 
Q, 176) = 3.15, p <-05. Additional analyses 
yielded the following outcomes: Under fast-presen- 
tation conditions, inappropriate contexts produced 
both lower overall recall and slower acquisition, 
F (1, 44) 7435, P < 05; and F (2, 88) = 4,10, 
p < 025, respectively. However, performance 
inappropriate- and no-context Ss did not differ si 
nificantly under the slower presentation rate. Ther 
are numerous possible explanations of this triple 
order interaction. For example, the slower presen- 
tation rate may have allowed inappropriate-context 
Ss to discover the re-paired arrangement of contexts 
and sentences, OF Ss may have been better able to 
use this information under the slow rate. On the 
other hand, 5s may have been able to disregard the 
contexts entirely at the slow rate. : 4 
In any event, under the fast rate, the inappropri- 
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ate contexts presumably decreased the probability 
that Ss would arrive at stable, meaningful interpre- 
tations of the sentences, The fact that acquisition 
of linguistic information may actually be retarded if 
_ Sis attempting to relate sentences to inappropriate 
- contexts extends previous research and lends further 
“support to the notion that recall depends on the 
semantic context that is active during acquisition. 
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EFFECT OF DELAYED CONDITIONED STIMULUS TERMIN 
OF AN AVOIDANCE RESPONSE FOLLOWING DIFFEREN 
CONDITIONS DURING ACQUISITION! 
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The role of delayed conditioned stimulus (CS) termination in the extinction of 
a shuttle-box avoidance was investigated by exposing rats to conditions of 
delayed or nondelayed CS termination. The Ss were assigned to one of four 
conditions of CS termination: (a) delay during acquisition-delay during ex- 
tinction, (b) delay-no delay, (c) no delay-delay, or (d) no delay-no delay. 
Delayed CS termination during acquisition resulted in poorer performance 
on all measures of acquisition. Delayed CS termination during extinction 
resulted in fewer avoidances regardless of acquisition condition. The results are 
discussed in terms of competing explanations of effects of CS delay. 


The present research deals with the manner in 
which conditioned stimulus (CS) delay functions in 
- the extinction of an avoidance response. The tra- 
- ditional view of avoidance responses as highly resist- 
ant to extinction (e.g., Solomon, Kamin, & Wynne, 
_ 1953) has been challenged by a number of researchers 
_ e.g. Bolles, Moot, & Grossen, 1971; Katzev, 1967). 
- These authors and others contend that traditional 
extinction procedures do not present conditions for 
the maximum rate of response extinction. It is ar- 
gued that extinction procedures which consist of 
trials on which no shock is given for failing to respond 
do not remove all the contingencies that are pre- 
sumed to reinforce the behavior in acquisition and/ 


or fail to distinguish extinction trials from a portion 
of training trials. 

s Katzev (1967) argues that, in addition to ommis- 
sion of shock, extinction of discriminative avoidance 
must include elimination of prompt signal termina- 
tion. An extinction procedure that included delayed 
CS termination proved superior to the conventional 
procedure of shock omission alone, and the probabil- 
ity of weakening an avoidance response was shown 
to be a function of duration of delayed warning sig- 
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nal termination. Delprato (1969) repo -s similar 
extinction results for a one-way avoidance ; rocedure. 
Katzev (1972) presents additional evide: © in sup- 
port of the significant role of prompt CS termination 
in the maintenance of an avoidance respc ise and of 
the weakening of avoidance responding by delayed 
CS termination. Although it is clear that delayed 
CS termination is viewed as being responsible for 
reduced resistance to extinction, the mechanism by 
which this result is presumed to occur is unclear. 
Two general categories of explanation seem to be 
suggested in the previous literature. The rst would 
seem to indicate that the effect of delayed CS termi 
nation is due to some acquired property of the CSit- 
self. This may take one of two forms: (a) delayed 
CS termination introducing a delay of reinforcement 
into the extinction procedure, or (b) a relaxation 
theory of delayed termination extending the CS into 
the postresponse "safe" period. The second cate- 
gory of explanation would view delayed CS termina- 
tion as providing a cue for S which facilitates a dis- 
crimination between the conditions of acquisition 
and extinction, and would therefore suggest that anY 
stimulus which facilitated discrimination. between 
acquisition and extinction would produce equivalent 
results, Previous research, such as Katzev (1967), 
does not permit distinction between these explana- 
tions, since all Ss, though experiencing different eX 


tinction cone ons, received identical conventional 


acquisition p- dutes. ‘Thus, for exaniple, delayed 
CS terminatio: during extinction may not only in- 
ttoduce a d of reinforcement but can also dis- 
tinguish ext ;n from acquisition, The present 
research, by ying CS termination during both 


cxtinction, attempts to distinguish 
o genetal categories of explanation. 


acquisition © 
between the 


Method. were twenty-eight experimen- 
tally naive rats from the Long-Evans strain 
maintained í _ ad-lib feeding schedule and housed 
in group ca ior to the experiment and in indi- 
vidual cage ig it, The Ss were 90-180 days old 
and weighes 558 gm, at the onset of training. 
They were | igned to one of four experi- 
mental gro presenting the four combinations 


of possible ition (no delay of CS offset or delay 


of CS offset extinction (no delay of CS offset or 
delay of C ; conditions. The order of running 
was counti ed so a8 to equate age and weight 
factors. 

The api was a shuttle box 52.1 cm. long, 
19.1 cm. v d 20.3 cm. high, divided into two 
equal com nts by a 2.5-em.-high barrier. The 
floor cons: -tainless steel bars of .64-cm. diam- 
eter with between bars. The shock was de- 


ver 115M power supply (maximum 
-and 10 ma. with im e of 
th a 1925 grid shock scrambler. A 


livered by 
output oi 
250,000 oh: 


shock pui | 5 ma. was delivered at the grid. 
The CS w aditory stimulus of 83 db. delivered 
by a buzz inted outside the box between the 
two compa ts. 

On the « rior to the beginning of training all 
Ss received ` ' min, of adaptation to the shuttle box 
and were aliowed 2 min. of acclimation each experi- 
mental day. 

1, Acquisition, All Ss experienced 25 trials of 
avoidance ng per day. The CS-UCS interval 


crossing response during this interva 
onset. If S failed to respond during 
shock was delivered to the occupied 
p A response after UCS onset imme- 
diately terminated the shock. 
within 120 sec. the trial was terminated. 
no-delay acquisition, the buzzer terminated imme- 
diately upon S's response. The CS termination was 
delayed for 5 sec. following the response Ss in 
delay acquisition. For all Ss, the intertrial interval 
ranged from 40-80 sec., with a mean o! 1min. Ac- 
quisition was terminated when S met a criterion of 9 
Successful avoidance responses: within 12 trials or 
experienced 200 acquisition trials. 

2. Extinction, Extinction trials were begun im- 
mediately upon completion of acquisition. During 
these 50 trials shocks were never delivered. alf of 
the Ss from each acquisition conditi 
one of two extinction conditions. o-del: 
extinction. conditions experienced CS termination 
immediately following à response, regardless of ac- 
quisition condition (no-delay-™ elay 
no-delay groups). The CS termination was delayed 
for 5 sec, following a response for Ss in delay extinc- 


this interval, 
side of the box. 
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ES o o o 


MEAN NUMBER AVOIDANCES 
m 


2 3 4 5 
BLOCKS OF 10 TRIALS 


Ficure 1. Mean number of avoidances during extinctio! 
for the four experimental groups representing the four combin- 
ations of delay (D) or no delay (ND) of CS termination during 

acquisition and ‘extinction. uy 


tion conditions (No-delay-delay and delay-delay 
groups). For all Ss, the CS terminated at the end 
of 5 sec. if no response occurred. 

Results. The superiority of the no-delay condi- 
tion during acquisition is indicated on all three mea- 
sures employed—trials to criterion, percent avoid- - 
ances during acquisition, and number of avoidances 
during the final 25 trials of acquisition, all ts (26) 
> 3.18, ps < 01, 

Since the acquisition conditions resulted in differ- 
ent levels of performance as well as providing for 
similarity discrimination between acquisition and 
extinction, an analysis of covariance was performed 
r of avoidances during the last 25 trials 


with number ; 25 t 
of acquisition as the covariate. "The results indicate | 


delay during extinction. results in fewer 
(1, 23) = 11.89, p < 0l 
Number of avoidances during extinction is seen to be 
a function of the extinction condition, regardless of 
for acquisition and in- 
teraction effects being nonsignificant. The above 
Iso be seen in the number of avoidances 
over blocks of trials during extinction, às present 
ereas there is relatively little change 
during extinction. 
delayed 
tion results in rapid reduc- 


1 


One additional finding of interest was that with 
no delay of CS termination during extinction (no- 
delay-no-delay and delay-no-delay groups, 
was actually an improvement in avoidance respond- 
ing during extinction over performanee during the 


last 50 acquisition trials, both ts (12) > 2.04, Ps 
< 05. 
Discussion. The results of the present study ar 


consistent with the findings of previous research o! 


of CS termination on avoidance different definitions of what constitu 

The detrimental effects of delayed the avoidance contingency, removal of 
- warning signal offset on the acquisition of an avoid- unavoidable shock, 

+» Mowrer & Lamorea; 


some of the above disagreement, Tj. 
needs to be clarified, it seems that w 
longer occurs (traditional extinction p 
when the response stil] avoids shocks (i. 
conditions of CS offset effect the main: 
avoidance response, The present stud, 
first of these categories and under tho. 
at least, this effect appears to be dix 
quired properties of the CS, 


viewed as indicating that a stimulus « 
guishes between the conditions of act 
extinction could not facilitate extincti 
ance. 


CS termination occurs it is some acqu 
i the discrimina 


ing signal, 
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FACILITATIVE AND INTERFERENCE EFFECTS OF RESPONSE 
GROUPING IN PAIRED-ASSOCIATE LEARNING 


PEGGY A. RUNQUIST 1 anp GERRIT 0. ARONSON 
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Two experiments investigated the effect of grouping unrelated response 
terms on the learning of paired-associate items. In the first study, Ss learned 
response groupings in a pretask that were either the same as or different 
from response groupings acquired in the paired-associate task. The results 
clearly indicated that prior learning of the same Tesponse groupings inter- 
fered with the learning of specific associations. The second experiment 
manipulated order of presentation (blocked or nonblocked) of categorizable 
or noncategorizable items, There was some evidence that response grouping 
facilitated acquisition performance under blocked presentation but not under 
nonblocked presentation. The facilitation was attributed to factors that 


would increase guessing efficiency, 


grouping has been  predominately 
: organizational process whereby Ss 
rorize unrelated response terms into 
ile correct responses for interrelated 
Battig, 1968). Interest in this 
s from its presumed effect, that of 
the acquisition of specific stimulus- 
5-R) associations, It has been sug- 
facilitation could occur in two ways. 
5e grouping would restrict the inter- 
arning a single pair to other items 

the same subset, there would be 
tial interfering responses and, hence, 


Rest 


activel 
sets of 
stimuli “a 
proces 


facilitat 
respon: 
gested 
First, i 
ference 
from : 
fewer 


a redu ; in overall interference. Second, 
groupin "uld allow S to learn the responses to 
only sc of the items within a set and to 
respond ctly to the others simply by eliminat- 
ing pre ly given responses. "Thus, acquisition 
perforn could be facilitated through reduced 
Overall interference and/or increased guessing 
efficien: 

Althouzh facilitation has been the predicted 
effect of grouping, there is little evidence that it 
Occurs, ipport has come largely from the finding 
that the ning of a list containing categorizable 
similar stimulus items was not significantly slower 


than that of a list containing noncategorizable dis- 
similar stimulus items, in spite of the greater 
Potential for interference in the former condition 
(eg, Runquist, 1970). The results of other 
Studies (e.g, Keister, 1972; Runquist, 1973) have 
Suggested either that grouping could actually 
interfere with learning, or that it has no effect. 
The two experiments to be reported here at- 
tempted to maximize the opportunity for facilitation 
to occur by utilizing conditions that would directly 
Vary the amount of restriction of possible responses 
(Experiment I) or would encourage efficient guess- 
ing (Experiment II). 
— 
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EXPERIMENT I 


In this experiment Ss learned first to associate 
$ unrelated response terms directly to each of 4 
different conceptual category names, and then 
associate these 12 responses with specific instanci 
of the conceptual categories, Three types of S- 
pairing were used in the second task in order 
manipulate the number of potential interferin, 
responses. With within-category (WC) pairing, 
the 3 responses associated with a given categor: 
name in the pretraining task were paired with 
nouns from that same category. With between- 
category (BC) pairing, these same responses were 
paired with 3 nouns from a different category in. 
the pretraining task. Finally, with across-category - 
(AC) pairing, the responses were paired with. 
nouns from 3 different pretraining-task categories, | 
In the WC condition, then, there are only 3 po 
tential responses to each stimulus item in th 
paired-associate (PA) task, ie, the 3 that ha 
been associated with the name of the same con- 
ceptual category in the pretraining task, In the 
BC condition, there are 6 potential responses for — 
each stimulus item, ie, the 3 that are associated 
with stimuli from the same conceptual category in 
the PA task, and the 3 that were associated wit 
that category in the pretraining task. Finally, in 
the AC condition all 12 responses could be con- 
sidered potential responses, 6 of them for the sam 
reasons as in the BC condition, and 3 pairs of 2 
because they had been grouped in the pretraining 
task with the 3 responses later associated with th 
same category in the PA task. Since potent 
error restriction in PA learning is greatest wi 1 
the WC condition and least with the AC condition, 
one would expect acquisition performance to be ~ 
best with the WC condition, second with the BC 
condition, and worst with the AC condition, if 
restriction of potential responses does in fact 
reduce overall interference. * 

Method. Two 12-item PA lists were used. Eacl 
consisted of 3 nouns from each of 4 conceptual 


categories (furniture, metals, countries, and fruits) 
.as stimulus terms and 12 unrelated adjectives as 
response terms. Three pretraining lists were con- 
structed from each list by pairing the 4 stimulus 
. category names with the responses, so that the 
. corresponding PA list would form a WC, BC, or 
AC condition as described above. Half of the 
_ Ss in each condition learned one PA list and the 
_ other half learned the second list. 

/ The Ss were 60 introductory psychology stu- 
dents who were assigned to conditions in order of 
appearance at the laboratory according to a pre- 
arranged schedule which randomized conditions 
within blocks; 

Pretraining consisted of an alternating series 
of study and test trials, to a criterion of two con- 
secutive perfect recalls. On study trials the cate- 
ory-name-adjective pairs were presented at a 2- 
. rate in blocks containing the category name 
ind its three adjectives, On test trials, $ was 
iven each category name separately and asked to 
all the appropriate three adjectives. Recall 
as oral and unpaced, terminating for each cate- 
‘gory when S indicated he was unable to recall 
more adjectives. Four orders of category name 
presentation, with different orders of adjectives, 
ere used on the study trials, and four orders of 
e category names were used on the tests. 

The PA lists were 


Finally, Ss were instructed to write down as 
many of the 12 adjectives as they could recall, in 
he order in which they thought of them. 

Results and discussion. No evidence of a reliable 
ifference was found between groups prior to PA 
learning. The mean trials to criterion on the pre- 
maning task were 8.70, 7.80, and 7.65 for the wc, 
Brand AC conditions, respectively, F (2, 54) 
‘he relative amount of response restriction may 
I indicated by the Percentage of within-category 
onfusion errors relative to total overt errors dur- 
The means were 73.4%, 55.1%, 


There 


nor in total errors (overt plus 
ss BE (2; 57) =1.34, $>.05. An 
additional 20.5% of the overt errors in the BC 
condition and 25.6%. in the AC condition consisted 
of responses that had been associated with the same 
stimulus category in the pretraining task, and 
10.206 of the overt errors in the AC condition 
represented the substitution of an adjective belong- 
ing to the same group as the correct response in 
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the pretraining task but to a diffe 


t group in 
the PA task. 


Response restriction may also be ` licated by 
clustering of adjectives according t . stimulus 
categories on the free-recall test. * Observed 
minus expected clustering scores usfield & 


Bousfield, 1966) were 3.29, 1.46, and 9 for the 
WC, BC, and AC conditions, respe: iy. Only 
WC and BC were above chance, /s ) = 714 
and 3.63, respectively. Furthermore, WC con- 
dition showed more clustering than BC con- 
dition, t (38) = 2.94, p < .01. 
Despite the fact that substantial diff 
obtained in response grouping, there 
ferences in trials to criterion. The 
9.30, 8.85, and 7.75, respectively, for 
BC, and AC. Although the differ: 


ces were 

no dif- 
ns were 
1ps: WC, 


are not 


large enough for significance, F (2, 5 1,54, p 
> .05, the direction of the differenc clearly 
opposite to that predicted. Furi inalyses 
showed that increased response restric did not 


hasten the appearance of the first cor 
to each stimulus, nor did it reduce t) 
errors after that first correct respon 
made, 

In summary, this study provided no « 
grouping would facilitate performa 
reducing the number of potential corre: 
In fact, the converse seems true: Th: 
restriction, the greater the difficulty 
inating among the potential responses 


esponse 
mber of 
id been 


nce that 
through. 
sponses, 
iter the 
liscrim- 


Experiment II 


uestion 
ince by 


The second experiment focused on | 
of whether Ss could improve their perf 


guessing from a restricted pool of votential 
responses. Categorized lists were pre. nted in 
either a blocked order, in which stim items 
from the same category were always presented 
consecutively, or in a restricted order, which 
items from the same category were never ;-esented 


consecutively. The blocking of similar items on 
study trials should encourage response grouping, 
and on the test trials, should encourage ihe elim- 
ination of previously given responses. 

Method. Four 12-item PA lists were used. 
Two were categorized (C) lists, in ich the 
stimulus terms consisted of 3 nouns from 4 differ- 
ent conceptual categories, and 2 were noncate- 
gorized (N) lists, in which the stimuli consisted 
of nouns from 12 different categories. Unrelated 
adjectives were the response terms for both C and 
N lists. Two sets of presentation orders were used 
for each list. One was a blocked (B) set, and 
One was a restricted (R) set. For the N lists, 
stimulus categories were arbitrarily defined as 
items associated with the response terms paired 
with specific stimulus categories in the C lists. 
Four orders of study and test trials were used for 
each set. 2 

The experiment was a 2 X 2 factorial design with 
order of presentation (B vs. R) and list structure 
(C vs. N) as the two factors. 


88 introductory psychology stu- 
i to conditions as in the previous 


;sisted of an alternating sequence of 
-all test trials continued until S re- 
ems correctly on a single trial. A 
2-sec. rat« used for both study and test phases 
with a 2 interval between phases. No feed- 
n on the test trials, and Ss were 
guess. 

on was reached, Ss were given 
xe problems for a 2-min. period. 
call tests, first for the adjective re- 
in for the noun stimuli, followed 
Two minutes were allowed for 
each test ; 1.5 min, of number sequence prob- 
lems bet tests. 
Resuli discussion. The mean trials to 
criterion inditions C-B, C-R, N-B, and N-R, 
respectiv ere 6.23, 9.27, 6.73, and 7.45. None 
of the d ices was large enough for statistical 
significa The main effect of list structure 
yielded / :4) <1; for order of presentation, 
F (1, 84 16, p > .05; and for the interaction, 
BosCl, 7, p>.05. It is perhaps of 
interest commonly found slight superiority 
of N lis not appear under blocked conditions. 
Even vh the gross performance measures 
did not t any differences, several subsidiary 
analyses indicate effects produced by blocked 
presentat 
One « 
make ov 


study and 
called all 


Written 
sponses : 
this fille: 


was a reduction in the tendency to 
vors. The mean percentages of overt 
errors r . to total errors (overt plus omis- 
sions) w 14.4%, 24096, 8.576, and 16.696 for 
( C-R, N-B, and N-R, respectively. 
ior order of presentation, F (1, 84) 
.05; for list structure, F (1, 84) = 
ind for the interaction, F < zt 
not increase the tendency to restrict 
»onses to those items, categorized or 
sized, that were blocked together. The 
tages of within-category Or within- 
block errors for groups C-B, C-R, N-B, and N-R, 
and the number of Ss (in parentheses) on which 
these means are based were 70.3% (16), 69.2% 
(19), 3.5% (13), and 17.0% (16), respectively. 
On the other hand, blocking did facilitate the 
elimination of previously given responses from the 
set of potential responses to each stimulus in the 
C lists, Under the restricted order, 86 of 113 
errors were repeated responses, 34 of which had 
already been given correctly on the same trial. 
Under blocked presentation, only 27 of 50 within- 
category errors were repeated responses, and only 
1 of these had been previously correct. 
„Recall of adjectives and nouns was uniformly 
high for all conditions, but there was some evi- 
dence that blocking facilitated recall of items from 
the categorized list. Clustering appeared only in 
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the C list conditions and was greater with blocked 
presentation. 


GENERAL DISCUSSION 


The results of these two experiments suggest 
that grouping the responses into sets appropriate .. 
for specific stimulus categories generally interferes 
with the learning of associations within the sets, 
but can facilitate acquisition performance. 

The above statement is not at all contradictory. 
Basically, it is suggested that response grouping | 
will always make it more difficult for S to dis- 
criminate which response item within a set is 
correct for a specific stimulus item within its 
category. As indicated by the first experiment, it 
seems to be the strength of the competing responses, 
which is increased by grouping, rather than the 
number of competing responses, which is reduced 
by grouping, that is the more important factor in 
determining the amount of oyerall interference. 
It is unlikely, however, that the full extent of the 
difficulty will ever be manifested in performance, ` 
since appropriate response categorization also 
enables S to produce at least some correct 
responses simply by guessing from the appropriate | 
pool of responses. Guessing strategies under the 
procedure which has been most frequently used in 
studying response grouping, ie, anticipation 
method and restricted order of presentation, are not 
very efficient, The Ss do make a large number of 
overt errors which are, for the most part, restricted 
to the appropriate categories; however, a large 
proportion of these errors are repetitions of 
response items that have been previously given 
correctly or incorrectly, or previously seen (ies 
the correct response) on the same trial. It is as if 
S has too much information to process efficiently. 
Under these circumstances, it is not surprising to. 
find that conditions which encourage response 
grouping lead to poorer performance than condi- 
tions which do not. When discriminations among 
potential responses are made easier, however, as 
with blocked presentation, the amount of inter- — 
ference can be reduced. 
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Frequency theory (Ekstrand, Wallace, & Under- 
‘wood, 1966) posits that verbal discrimination (VD) 
rning improves as the frequency differential be- 
‘een the correct and the incorrect member of each 
irincreases. Erlebacher, Hill, and Wallace (1967) 
d this hypothesis by administering a recognition. 
emory test immediately following a VD task, and 
found that Ss correctly identified more previously 
ect than incorrect VD items, — - 
Tt has also been reported that pronouncing the 
orrect response aloud during informative feedback 
! superior to silent performance (Underwood & 
eund, 1968; Wilder, 1971). In order to account for 
his finding, frequency theory must predict an even 
greater frequency differential between the correct 
and incorrect members of each VD pair as a function 
of such pronunciation. The present experiments 
tested this hypothesis in a manner similar to that of 
_ Erlebacher et al. 
— Method. A total of 80 paid college students (40 
in each experiment) were used. 
Phe stimuli consisted of 100 low-frequency words 
- from the Thorndike-Lorge (1944) tables (occurrence 
level of approximately once per four million words). 
Of these 100 words, 50 were randomly selected for a 
D list. In each of the 25 pairs formed, one word 
ated as correct. The correct- 


3 nistered on a Stowe memory 
drum. The VD list was presented at a 2:2 sec. rate, 
Euri AE T 
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Learning, 


.). We are 
earlier drafts 
per for his suggestion 


- _ # Requests for reprints should be 
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IN VERBAL DISCRIMINATION LEARN:: 


LARRY WILDER, JOEL R, LEVIN, MICHAEL KUSKOWSKI, anp ELIZABETH S, GHA’ 
"University of Wisconsin—Madison ; 


Previous research has found that spoken rehearsal is superior to silent rehear-:: 
during verbal discrimination (VD) learning. Frequency theory can account fo- 
this finding if it is assumed that pronunciation leads to an even greater fr 
quency differential between the correct and incorrect item in each pair tha: 
occurs in silent performance. Support was found for this assumption in ty 
experiments in which an incidental recognition memory task was administerc 
after verbal discrimination learning. 
search, it was found that the increased frequency differential was due at leas 
as much to increased recognition of the previously correct VD items as to d: 
creased recognition of the previously incorrect items. 


Further, in contrast with earlier re 


and the presentation rate for the reco; ^ ‘on list was 


2 sec/item. 


Both experiments involved standar D learning 
instructions (anticipation method) « 5 practice 
items, except that Ss were not info: about the. 
number of VD trials or that a recognit test would 
follow. Also, in both experiments ha! he Ss were 
instructed to pronounce the correct «rlined) re- 
sponse during rehearsal (Group P), a: ;e remain- 
ing Ss were given no pronunciatios  astructions 
(Group S). Immediately after the Vi k, a recog- 
nition list containing the VD items, | as words 
not previously seen, was administercc 

The only difference between the t» periments 

-was in the number of VD trials a red.. In 


Experiment I there was one guessing © ‘al and one 
test trial. In Experiment II only th guessing 
trial was administered during the VD p.-ase. 
Results and. discussion, In Experim-..: I Group 
P averaged 6.15 VD errors on the test cial, while 


Group S averaged 9.50 errors, ¢ (38) = 4.12, f 
< .001, which substantiates previous findings (Un- 
derwood & Freund, 1968; Wilder, 1971) concerning 
the superiority of spoken over silent rehearsal. Ta- 
ble 1 shows the mean errors on the re on task. 
Overall, there were more recognition e: 
rect (I) than correct (C) VD items, ¢ ( 


results similar to those of Experiment I, both for 
overall incorrect vs. correct recognition errors, t (38) 
= 12.86, p < .001, as well as for the comparative 
differences (I — C) in the rehearsal conditions, 4 A 
(38) = 3.29, p < .005. í 
These results clearly support the frequency theory — 
prediction that pronunciation during informative 
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ases the differential between the cor- 
ect member of a VD pair; however, 
ir how this occurs. Some data per- 
effect of pronunciation on recognition 
memory v recently reported by Hopkins and 
Edwards ( ). The Ss were administered a single 
study list, , one group instructed to pronounce all 
the items ne study list, another group told to 
pronounce » se but not other items, and a control 
group giv o pronunciation instructions. Per- 
formance « subsequent recognition test list was 
no better £ :e group that had pronounced all the 
items tha control group. However, perform- 
ance was s: icantly) better for pronounced items 
than un; ;nced items in the “mixed list" con- 
dition. 4 is, when S pronounced some but not 
other iter: he same list, recognition performance 
was bett« the pronounced items. Hopkins and 
Edwards reported that performance on the pro- 
nounced in the mixed list condition was no 
better t! »rformance in the pronounce-all or 
control « ion; rather, performance on the unpro- 
nounced was significantly worse. Therefore, 
these aut concluded that “the effects of pronun- 
ciation : lative in the sense that S must expe- 
rience ti irast between pronounced and unpro- 
nounced . Çp. 536]" Further, they concluded 
that ther: ‚> absolute improvement in recognition 
performa is a function of pronunciation, since 
their dat m the mixed list pronunciation treat- 
ment inc -d a decrease in performance for the 
unprono::.-^d words rather than an increase in the 
scores oi pronounced items. 
Applyi »e results of the Hopkins and Edwards 
(1972) recswnition memory experiment to pronun- 
ciation e! in VD learning implies that pronunci- 
ation inc cs the frequency differential by prevent- 


feedback i: 
rect and 5: 
jt is still : 
taining to t 


ing frequescy units from accruing to the incorrect 
(unpron ad) item of the pair rather than by 
adding frequency units to the correct (pronounced) 

ation has 


member. If this is true, then pronunci 


TABLE 1 


MEAN RECOGNITION ERRORS IN THE 
Two EXPERIMENTS 


i Correct. Incorrect 
Experiment VDitem VD item 
I 
GroupP 3.35 11.50 
GroupS 5.90 9.25 
S-P 2.55 =2,25 
i 

Group P 4.00 13.70 
Group S 6.40 12.15 
S-P 2.40 —1.55 


Note. Abbreviations: VD = verbal discrimination, I = in: 
correct, C — correct. 


little to do with memory of the correct item, and i 
probably serves to direct attention away from th 
incorrect item. However, inspection of Table 

shows that the differences between P and S (S — P) 
are at least as large for the correct items as they are 

for the incorrect items in both experiments, thereby. 
suggesting that pronouncing some but not other. 
items in a recognition study list may not be compar- 
able to pronouncing the correct response during ND 


learning. 
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The role of rehearsal in long-term 
interval was interpolated between 
initial recall. 


a final free recall 
rehearsal patterns exhibited during 


does not, 


Many recent conceptualizations of human mem- 
(eg, Atkinson & Shiffrin, 1968) have pos- 
ited two functionally distinct storage states in 
nory—a limited capacity short-term store 
S) and a more permanent long-term store 
LTS). Within such models considerable impor- 
nce has been attached to the mechanism of re- 
| hearsal. Specifically, in the model of Atkinson 
f and Shiffrin, rehearsal is seen as serving two re- 
lated functions. First, rehearsal maintains an 
m in STS, and secondly, rehearsal is the 
mechanism whereby information is transferred 
from STS to the more permanent LTS. 


E assumes that the longer an item resides in 
S 


- However, several recent studies (Craik, 1972; 
acoby & Bartz, 1972) have seriously questioned 
e role of rehearsal 


^ Batis, research was ‘supported 
in experimental psychology " t 
Health Experimental Training Qao t astitute of Mental 
article is based on 


ments and suggestions, 


? Requests for reprints should be Sent to Daniel L, Re 
Department of Psychology, Iowa S Wess Roenker, 
owa 50010, tate University, Ames, 


number of rehearsals an item received 
The results were viewed as consistent 
types of rehearsal—one which facilitates long-term retention, and one which 


ROLE OF REHEARSAL IN LONG-TERM RETENTION 1 


DANIEL L. ROENKER 2 


Kansas State University 


Storage and retention was investigatec 


within the negative recency paradigm. For one group of Ss an unfille 


presentation and test of each list in 


For a second group of S's initial recall was also delayed, but 
only the first half of the interval was unfilled, F ollowing several such lisi 
(FFR) of all items was required. Analysis of overt 


the unfilled intervals showed that the 
was not related to FFR performance. 
with the position that there are two 


critical for long-term retention (i.e. | torage). 

Further, Craik (1972) has demo ed. that 
the amount of overt rehearsal given tem does 
not predict the probability of long-t retention 
of that item, The conclusion draw m these 
data is that rehearsal, in and of is not 
sufficient for transfer of informatio: m STS 
to LTS. 

In summary, then, the Rundus Atkinson 
(1970) and Rundus (1971) data sug; chearsal 
as a prime mechanism for transfer o. rmation 
from STS to LTS. On the other han results 
of the Jacoby and Bartz (1972) an e Craik 
(1972) experiments indicate no su ole for 
rehearsal. One possible way to reso iis con- 
flict has been suggested by Craik (1 There 
may be two relatively distinct kinds o: vearsal : 
(a) rehearsal which results in both : ;tenance 
of information in STS and transfer t .TS, or 
(b) rehearsal which results simply in ih- mainte- 
nance of information in STS, The implementation 
of either of these two types of rehearsa! may be 
entirely dependent upon the demands oí the par- 


ticular situation. 

The purpose of the present experiment was to 
examine overt rehearsal in both mainte and 
transfer situations in order to determit 
exists a quantitative difference in the 
rehearsal under these two situations. 


Further, 
Covert rehearsal conditions were included in order 
to evaluate the assumption that overt rehearsal 


Procedures tap current processing. If such an 
assumption is valid, there should be no difference 
in performance between groups required to re- 
hearse overtly and those required to rehearse 
covertly, 

Method, The Ss were 75 introductory psychology 
students at Kansas State University who received 
either extra course credit or pay for participation 
in the experiment. All Ss were tested individually, 

Sixteen lists, each 15 words in length, were 
constructed from the Toronto word pool. The 
Words of the Toronto word pool are two-syllable, 
high frequency (Thorndike-Lorge count greater 
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TABLE 1 
PROBABILITY OF RECALL AS A FUNCTION OF SERIAL PostrioN AND CONDITIONS 
| Serial position 
Group |- 
| 2 3 4 5 6 | 7 | 8 9 | 10 | 11 12 
EL : 
Initial recall 
| 462 «55 37 E 44 36 37 36 36 33 
| St |o jos 536 |-36 21 | BAS GSR) 28 21 $8 
| 65 54 AT 40 39 38 37 35 35 3h .94 
FDO | 56 50 40 40 38 35 35 38 434 20 .85 
PFDCR 53 EL AL 33 30 429 229 .30 .30 48 .90 
Final free recall 
IFR EJ E 24 29 26 22 22 24 21 «17 13 
UDOR 30 28 25 22 424 18 AT 21 14 08 21 
UDCR EJ „31 +31 3 22 26 20 19. p 49 21 
PFDOR 38 EJ 27 28 27 2T 21 24 21 10 37 
PFDCR E 30 2 20 20 23 48 E 18 «09 :32 
IFR = immediate free recall, UDOR = unfilled delay, overt rehearsal, UDCR = unfilled delay, covert 


Abt 
, Pk partially filled delay, overt rehearsal, 


tehea 


than 20) Five sets, of 16 lists each, were 
independer instructed, Three Ss in each 
condition | one of these five sets of lists. 
The des ined one between-groups factor 
(type of i d interval in initial free recall) 
and one n-groups factor (lists). The Ss 
were diyid ually with 15 Ss serving in each 
of five i oups conditions: (a) In the 
immediate ecall (IFR) condition recall was 
required presentation of each list. (b) In 
the unfilled ay, overt rehearsal (UDOR) con- 
dition an c vied delay of 40 sec. separated the 
presentation aud recall of each list. During this 
interval Ss were required to rehearse overtly. 
(c) The unñlled delay, covert rehearsal (UDCR) 
condition was identical to the UDOR ‘condition 
except that overt rehearsal was required. (d) 
The partially filled delay, overt rehearsal 
(PFDOR) condition had an interval of 40 sec. 


separating presentation and recall of each list. 


"The first 20 sec. of the interval were unfilled; for 
the second 20 sec, S was required to shadow digits 
(ie, repeat the digits immediately as they were 
presented) at the rate of two digits per second. 
Overt rehearsal during the unfilled portion of the 
interval was required. (e) The partially filled 
delay, covert rehearsal (PFDCR) condition was 
identical to the PFDOR condition except that overt 
rehearsal was not required. 

The within-groups factor was lists. Each S$ in 
each condition received one study-recall trial on 
each of 16 lists. Following recall of the sixteenth 
list an unannounced final free-recall session Was 
required of all Ss. 

The Ss in all conditions were instructed that the 
last four words in the list (i.e5 STM items) were 
the most important and were to be recalled first 
in initial recall, The lists were presented audi- 
torily at the rate of one word every 3 sec. Just 
prior to the presentation of the twelfth word in 


and PFDCR 


= partially filled delay, covert rehearsal. 


each list a click was sounded. This click served 
as a cue to indicate that the critical last four items 
were about to be presented. After the appropriate 


retention interval, written recall of the list just — 


presented was required. Each recall protocol was — 
recorded on a separate sheet in an answer booklet. 
Two minutes were allowed for the recall of each. 
list. There was a 30-sec. unfilled interval between 


free recall was given. Ten minutes were allowed 


for FFR. 

The procedure during the retention interval. 
varied with conditions as described above. All 
rehearsal and shadowing activity was recorded on 
a second tape recorder, The Ss in the partially 
filled delay conditions were given 2 min, of prac- 
tice shadowing prior to beginning the experiment, 

Results. Since either the maintenance or transfer 


strategies of rehearsal may be adopted after prac- 2 


tice on initial lists, only the data from the last 14 . 
the effects of 


lists were analyzed. Further, since 
the experimental manipulations were expected to 
be localized to the last 4 serial positions, separate 
analyses of variance are reported fo! 

tions 12 through 15 and 1 through 11. 
On each list, correctly recalled words were allo- - 
cated to their original input positions. A prob- 
t recall for each serial position was 


ability of correc 
obtained, for each S, by pooling over the last 14 


lists. The mean probability of recall for each 
serial position is presented in Table 1. 

The high level of recall for the terminal position 
items in each condition indicates that the instruc- 
tional emphasis on these items was effective. An- 
analysis based on the data from only these critical 
last four serial positions revealed a significant main 
effect of conditions, F (4,70) — 527, b < 001. A 
subsequent Newman-Keuls test (p < 05) showed. 
the PFDOR and PFDCR conditions reliably 
inferior to IFR. Further, the UDOR and UDCR 


lists. Following recall of the sixteenth list a final 


r Serial Posi- — 


: / TABLE 2 
MEAN REHEARSAL FREQUENCY AS A FUNCTION OF. SERIAL POSITION AND CONDITIONS 


Group 


UDOR 
PFDOR 


1 2 
ES 3 
3 2 


Serial position 


3 4 5 6 7 8 9 10 nu 12 | 14 | 45 
es — 

3 2 c >$ 2 4$ E A E 46 | 4.5 4,3 

2 2 2! al B B al 2 al $3 | | 32 32 


conditions did not differ from IFR. Finally, 
although the PFDOR group was reliably inferior 
to both of the unfilled delay conditions, the PFDCR 
oup differed only from the UDCR condition. 
is poorer performance of the PFD conditions 
not surprising in view of the interference task 
Vhich precedes initial recall in these conditions. 
nally, a significant effect of serial position, 
(3, 210) = 802, p < 001, was obtained which 
ects the decrease in recall from Serial Posi- 
12-1. The interaction between conditions 
erial position was not reliable, F < 1. 

. second analysis performed on Serial Posi- 
s 1-11 yielded a nonsignificant effect of con- 
ions, F (4, 70) = 175, P > 05. Further, 
Te Was no interaction between conditions and 
ial position, F « 1. Thus the initial 11 serial 
itions, as might be expected, were not affected 
t eding recall. Finally, a 


a i m 
12-15. The Serial Position x cokes 


- Note. Abbreviations: UDOR = unfilled delay, overt rehearsal; and PFDOR 


= partially filled delay, o arsal, 
action was also reliable, F (12, 2 = 2.06, p < 
405. However, a Newman-Keuls (p < 005): 
performed on this interaction sh hat the dif- 
ferences were neither systematic interpretable 
in terms of the experimental desi It is impor- 


tant to note, however, that there 
cally reliable differences at any s 
tween the overt and covert rehear: 
either the PFD or UD conditior 

A second analysis, based or 
11, produced only a main effe 
F (10, 700) = 30.95, p < 001, : 
sistence of the primacy effect in 
main effect of conditions and its 
serial position failed to reach statis 
Fs <1 

The mean number of rehearsa 
function of serial position is shown 
should be emphasized that rehears> 
only during the retention interva! l 
presentation, in an attempt to tor postlist 
processing of these critical (STM) ns. 

As is readily apparent, Ss devot most all of — 
the rehearsal period to rehearsal < e last four { 
critical items. The Ss in the ULOF condition 
emitted approximately 40% more ro -rsals than 


no statisti- 
position be- - 
roups within 


Positions 1-7 
ial position, 
ing the per- 

Both the 
action with 
significance, 


list as a | 


did Ss in the PFDOR condition. wever, this. 
difference was not significant, F 28) = 313, 
P 205. Thus, Ss in the UDOR cond ion engaged - 
in numerically more rehearsals than did Ss in the 
PFDOR condition, yet these added arsals did 


not result in superior long-term ( t) retention | 
(see Table 1). These data are consistent with 
those reported by Craik (1972). 3 

A second analysis based on Serial Positions 1-11 
revealed that Ss in the UDOR condition rehearsed ^ 
noncritical items more often than did Ss in tht. 
PFDOR condition, F (1, 28) = 444, p < 5. 
This difference was smaller in magnitude than the 
analogous comparison between groups over the. 
last 4 serial positions and yet was reliable, while 
the difference over the terminal 4 positions was 
not. This seemingly anomalous finding was due to 
the relatively large variability in the number of 
rehearsals among Ss over the last 4 serial post. 
tions. Finally, the analysis yielded a reliable | 
serial position effect, F (10, 280) = 5.79, P €. 
001, which reflects a small primacy effect Over. 
the first few serial positions. E 

Discussion. The present experiment demot- 
Strated a clear difference in final free-recall 
(FFR) performance between the partially filled 


cate that th 
conditions c 
F of rehearsa! 
LOUDOR con 
hearsals th: 
However, r: 
was inferio 
This pap 
technique i 
The failure 
(either in 
- between 5 
- rehearsed « 
- ditions is 
In sum 
strated cli. 
(FFR) | 
partially 
difference 


: unfilled delay (UD) condi 
snditions showing superior long- 
This difference represents a 
ial recall wherein performance 
itions was inferior to that of the 
iis consistent with the findings 
y and Bartz (1972). 
< rehearsal protocols clearly indi- 
rence between the PFD and UD 
be accounted for by the amount 
item receives. The Ss in the 
emitted numerically more re- 
i Ss in the PFDOR condition. 
performance in the UD conditions 
ie PFD conditions in FFR. 
assumed that the overt rehearsal 
lid means of assessing processing. 
id a difference in amount recalled 
| recall or in final free recall) 
; rehearsed overtly and Ss who 
ly in either the UD or PFD con- 
ient with such an assumption. 
the present experiment demon- 
"fferences in long-term retention 
the unfilled delay (UD) and 
delay (PFD) conditions. This 


recall demonstrates that the amount 


of time available for rehearsal is not a critical 
factor in LTS storage, since the postpresentation 
processing time available in the UD conditions 
was twice that available in the PFD conditions. 
Further, analyses of rehearsal activity showed 
that the number of rehearsals an item receives 
appears to be unimportant for LTS registration. 
Rather, the data suggest that some aspect : 
rehearsal other than sheer number may be critical. 
for long-term storage. 
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‘According to Piaget (1968) children develop the 
ability to conserve weight as their cognitive struc- 
ture becomes more complex and progresses toward 
operational thought. Piaget maintains that con- 
ation responses increase with age and follow 
specific sequence of acquisition. First the child 
not conserve weight at all (ie, nonconserva- 
ion stage), then he can conserve some transfor- 
tions but not others (ie. transitional conser- 
ion stage), and finally he can conserve weight 
ompletely (ie, complete conservation stage). 
s sequence is substantiated by the research of 
aget (1968) and others (eg, Elkind, 1961; 
ovell & Ogilvie, 1960). 
The aim in the present study is to investigate 


d in this study were 64 
second- and third-grade students be- 
es of 6 yr. 10 mo. and 8 yr, 11 mo. 
n the Minneapolis Public School 


Ehe Ss were individually administered four 
onservation of weight tasks, These tasks were 
resented to equal numbers of Ss in counter- 
alanced order, with t 
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CONSERVATION OF WEIGHT IN SELF, OTHERS, AND OBJEC' 


GEORGE B. MACREADY 
University o] Maryland 


Evidence was provided that under analogous transformations second a: 
third grade students tended to conserve both their own and another pc: 
son's weight prior to conserving the weight of nonhuman objects (a rubi 
doll and a piece of clay). These findings suggest that children acqui: 
conservation of weight in a sequential manner with the type of object us: 
in a conservation task affecting the time when conservation is first obseryec 


object in the two positions, 5 w ked if the 
object weighed the same amount 1 different 
amount and why.? 

The S's responses to each of th corisefvá- 
tion tasks were scored on the basi a two-fold 
criterion. The first criterion was 'd on S's 
response as to whether the weight e observed 
object was the same or different \ the shape 
of that object was changed. The : l criterion 
was based on S’s explanation of w% re was or 
was not a weight change in the į ed object. 
The scoring procedure used with ct to the 
second criterion is outlined by G midt and 
Bentler (1968) in their Concept A rent Kit. 

An S was scored as a conserve: attained 
both criteria by responding that was no 
change in weight of the object con ] and by 
giving a proper explanation of wh was the 
case, If S did not attain both cr: he was 
scored a nonconserver. Each S’s ocol was 
scored independently by two judges, in cases 
of disagreement, the judges were reo "v able to 
obtain consensus (this was only necess:. y on three 
judgments). 

Results, The response patterns of Ss on the 
four conservation of weight tasks arc ; sented in 
Table 1. This table shows that 50 of 54 Ss ob- 
served were either complete conserver, CC (ie, 
Ss who showed conservation on all iasks), or 
complete nonconservers, CNC (ie, Ss who 


showed conservation on none of t tasks). 
Therefore, these Ss added little information to the 
major question raised in this study. The reasons 
why such a small proportion of Ss were transitional 
conservers, TC (ie, Ss who showed conservation 
on from one to three of the four tasks) is not clear. 
It could be that this stage is passed through 
rapidly or that this stage is not really transitory 
but simply an artifact resulting from error in 
measurement, 

Those Ss who did respond differentially to the 
different conservation tasks fell into only 5 of the 
remaining 14 possible patterns (there were 16 
response patterns possible). 
mr eee 

*Prior to the administration of the conservation task, each 
s was administered a short vocabulary pretest. This test 
was given to ascertain whether the Ss understood the terms 
same amount and different amount. All Ss were found to 
understand the meaning of these terms, 
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TABLE 2 


TABLE 1 
OpraineD PATI or CONSERVATION ACROSS THE Four BINOMIAL EXACT Tests FOR EXAMININ 
1 G INCONGRUI 
[es AT 10N OF ‘Wales TASKS CONSERVATION ON VARIOUS KINDS OF ea " 
Conservation task object E Number of in- 
Number of |- Comparison consistent con- | Pvalue* 
subjects | Rubber Cu 
| -dol Other Self Clay vs. rubber doll 9 m 
JA Clay vs. other 9 .002- 
25 NC NC NC Clay vs. self 10 011 
2 € NC NC Rubber doll vs. other 8 ns 
4 | NC € C Rubber doll vs. self 9 ns 
5 | [e Č C Other vs. self. 1 ns 
2 NC € e Clay & rubber doll vs. 
1 | Č C NC other & self 12 .003 
25 | (e c 
| 
L————— ee a ee, a Similar p values were obtained for each comparison where 
Nole. Abt I NC = nonconserving response, © only the first of the two scoring ned aria (e, a correct response — 
P as to whether the element in question weighs the same or a 
different amount) was employed. The only exception to this 


= conserving . 
finding was obtained for the comi rison of clay vs. other, whit 
yielded a p value of .020. P. M s 


termine whether there were dif- 
ferences in opulation proportion of Ss who PUARE : z is 
SOS be c 1o conserve on various id frequencies within the various categories were com- 
Cochran C vas run, This test resulted in a parable (ie, 21, 22, and 21 respectively). * 
`a hich is significant ab eO es Table 3 shows that for these Ss there was an 
led increase in the proportion of CCs as age increased. 
în additi the overall Q test, seven CODES Conversely, there was a decrease in the proportion 
parisons of est-wetelb andere These com- of CNCs as age increased. This lack of uniformity | 
parisons d ‘th differential conservation within within the CNC and CC stages Wit supported by - 
Ss for t us conservation tasks and were UE sooda ang ik e i uniform E 
E. ^r ones TUN. "tributions. ese tests yielded chi-square vaues 
Ss for one-tailed binomial exact teste of 728 for the CNCs and 93 for the CCs, both of 


T inss rof i 
oe m these tests Se presented in Which are significant at the .05 level. — ! 
Two : i c nS iU 3 tested were However, Table 3 provides no evidence for a 
found b j d " UE resulte differential trend in the D Ru d E 
j E i estion is thus - 
when the "inilywise" Type 1 error rate across at progressive e qu : 
it 4 . raised as to whether such results are reasonable 
pre d nd ne Ne * ies AO es if the TC stage is in fact a transitory link between 
Miller, 1967. TR De S arisons found CNC and CC stages. If the TC stage does pro- 
ites si e pairwise COMPAT her, with vide such a link, one might expect that the pro- i 
e siguiticant were clay Vernm nas ction of TCs found within the various age levels 


other being conserved more frequently than clay, would be proportional to the increase (between 
roportion of CNCs 


self, with self being conserved consecutive age levels) in the p! 


In order | 


Q value < 


us 

A and CCs in the CC stage. A chi-square goodness 
One additional nonpairwise Compare was also of fit test was used to examine this hypothesis 
tested, and the resulting P value B presented in and resulted in a chi-square value of 3.94 which is 


PEE TERT 


"Table 2. This comparison contras 
d rubber doll) 
"T TABLE 3 


of inanimate objects (ie clay an Thi 
with human objects (ie. other and self). s Conservation STAGES WITH — 
PROPORTIONS FOR CONSER. ATIO p 
the two Conprvionat PROFPET TTC T0 AGE LEVEL s 


comparison was attained ESI 

types of objects within each category In order e E a E 

to be considered a conserver in either category, Conservation stage 

had to conserve on both objects within the category. QM RET 
ed that human ) 


The results of this comparison show 
objects were conserved significantly more often 


3 
[5] 
a 
[s] 
DIR e T ME e 


than inanimate objects. ard "ed & 
Because of the small proportion of Ss falling in Fre- Fre- 
s Y ; por- por — 
the TC stage, it was of interest to investigate quency| Pon | Weney) tion — 
: ^ rj 1 ES Rare ed 
whether this stage is à transitory | tween the rear ra a 3 | s [24 4 |.19 
CNC and CC stages. The relations between the — Intermediate " 30 4 E á E 
conservation stages were investigat by looking dist A43| pm * 
a the conditional proportions o conserva: 
stages with respect to age level (see, ^7 D jations: CNC = complete nonconserving Ter 
Ht à s » (6 yr. 10, y Abbrev ansitional conserving response; CC = com- 
x yr. 10 mo. and 


The age levels considered were y pos 
S yr. 2 mo.), "intermediate" (7 yr. A EUM plete conserving ARM between the ages of 6 
yr. 10 mo.), and “old” (7 yr- 11 mo.-8 yr. .). 7 yr. 2 mo,; intermediate Su jects, 7 yr. 3 mo. 
These me categories were chosen that the and old, 7 yr. 11 moto $ Y* 11 mo. 


to 7 yr. 10 mo; 


not significant even at the .10 level. Thus the 
ata does not provide evidence which tends to raise 


The findings regarding the effect 
= of type of object used in the conservation of 
- weight tasks support the hypothesis that the 
= weight of humans is easier to conserve than the 
eight of an object with nonhumanlike character- 
tics (e.g, a piece of clay) and as such, appears 
at an earlier age, This sequential pattern of 
attainment for conservation tasks is similar to the 
pattern of attainment for “i 


plant. 
The findings of the present study are in conflict 
with the findings in a study by Murray (1969). 
Murray found that Ss tended to conserve the mass, 
ight, and volume of a clay ball prior to consery- 
the same quantities in their own bodies. His 
ings could well have been affected by the use 
the "play machines," which he used in testing 
conservation. Nummedal ( 1970) has sug- 
“gested that the use of these machines may have a 
ounding effect on the observed order of con- 
SE oa 


* Even though all expected frequencies were not greater 
than 5, this ap; seems reasonable since the chi-square 
test is overly “liberal” in rejecting null hypotheses under 

iese circumstances, 


contrast to Murray, the presen "hors used a 
more traditional Piagetian metho! ^r investigat- 
ing conservation, 

Further findings from this stuc: 
ferences in S's ability to conse: 
weight and that of other human 
sistent with Piaget's contention (| 
own body is discovered and know: 
to other human bodies [p. 29]." 
help to explain why conservati. 
self and other are acquired at si 
time within the individual. 


y in relation 
us idea may 

weight in- 
r points in | 
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SY: 7AGMATIC VERSUS PARADIGMATIC PAIRED-ASSOCIATE ACQUISITION 


LARRY RILEY? anp GARY FITE 
Northwest Missouri State University 


‘The hypothesis was tested that the syntagmatic-paradigmatic shift in chil- m 
dren's verbal learning occurs at increasing age levels as the complexity of the E 
cquisition task is increased. Second- 
yntagmatic or paradigmatic paired associates to a criterion of 20 successive 
orrect responses, but not necessarily on the same trial. Results yielded a 
ignificant symmetrical Grade Level X List Type interaction. The syntag- 
iatic- Grade 2 and paradigmatic-Grade 4 lists were more easily acquired than 
vere the paradigmatic-Grade 2 and syntagmatic-Grade 4 lists. It was con- 
luded that the shift appears in paired-associate acquisition after it appears in 
issociative recognition acquisition and before it appears in sentence creation 


isks. 


and fourth-grade Ss acquired lists of 


Data were collected . 


past several decades, the study of 
yn phenomena in children has become 
itributor to the area of human verbal 
isle, 1966). Brown and Berko (1960) 
ip (1961) demonstrated a qualitative 
issociation modes from the syntag- 
ft) to the paradigmatic (postshift) 
during nentary school years. Anderson and 
Beh (1* tend that the shift is facilitated by 
the chi zressive development of the ability 
mantic markers. Despite the above 
e is substantial disagreement as 
hift occurs. Anderson and Beh, 
employi n ociative recognition task using 
nd paradigmatic responses, concluded 
rade Ss formed paradigmatic associa- 
as adult university Ss, whereas first- 
1 iominantly formed syntagmatic associa- 
tions. Hrown and Berko, employing à complex 
sentence c:eation task using nonsense words that 
could occupy the positions of six parts of speech, 
concluded ‘hat the shift was not close to completion 
during thc d grade. This age discrepancy might 
be attributed to differences in the composition of 
the sam; nt hypothesis 
would be 
occurs at 
plexity increases. 
paired-associate acquisition ta: 
plexity level between the An 
Brown and Berko tasks. 
Method. Twenty Ss were selected by random 
number from the second and fourth grades of the 
Minnie Cline Elementary School, Savannah, Mis- 
souri. The Ss were then assigned by random. number 
to either a syntagmatic or paradigmatic condition 
within each grade. Approximately equal numbers of 
males and females composed each group: Second- 
and fourth-grade Ss had passed their seventh and 
ninth birthdays, respectively- ‘All but a very few 
of the Ss were still 7 and 9 yr. old at the start of the 


Durin 
word as 
a signific 
learning 
and Erv 
shift in * 
matic ( 


to emp! 
agreemé 
to wh: 


grade S: 


sk to serve as a com- 
derson and Beh and 


e sent to Larry 
Northwest Mis- 
Missouri 64468. 
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experiment in March 1973. 
in 2 wk. 
Four lists, two syntagmatic and two paradigma: 
of 10 paired associates each were prepared ing 
Entwisles (1966) Word Associations of Young 
Children and Barbe's (1961) Personalized. Reading — 
Instruction: (see Table 1). The stimuli were ran- 
domly selected from the lists of grade-appropriate 
words compiled by Entwisle. Syntagmatic an 
paradigmatic responses were selected from thi 
Entwisle lists to meet the definition criteria of Brown 
and Berko (1960). A syntagmatic response could 
not have the semantic markers of its stimulus and 
had to serve as a phrase completion term, A pari 
digmatic response needed semantic markers similar 
to that of the stimulus, but could not serve as. 
phrase completion term. Response term shortages 
were supplemented by the Barbe lists. 1 
Three random orders of each list were used : 
the anticipation method at a 2:2 sec. rate, with a 
a 4-sec. intertrial interval. Criterion was carried 
to 20 successive correct responses, but not necessari 
on the same trial. 2 
Results and discussion. The mean number of re- - 
sponses to criterion and the standard deviations are 
presented in Table 1. The F ratios for the variables’ 
of grade level and list type were less than 1.0. The 
interaction F ratio was 30.39 (p < .001). For all. 
comparisons, MSe = 45.82, df = 1/30. 7 
The interaction effect was symmetrical. The 
syntagmatic-Grade two and paradigmatic-Grade 
four lists were easier to acquire than were thi 
paradigmatic-Grade two and syntagmatic-Gri le 
four lists. Anderson and Beh, (1968) stated that 
the syntagmatic-paradigmatic shift in associati je 
recognition acquisition was complete in the secon k 
grade. Brown and Berko (1960) stated that the. 
shift was not close to completion in a complex sen: 
tence creation task during the third grade. Data: 
from the present study clearly indicate that the 
shift is completed between the ages of 7 and 9 yr 
(second and fourth grades) in paired-associate 
acquisition. If it is granted that paired-associate 


acquisition occupies à complexity level between 


Syntagmatic-Grade 4 Paradign 


BEGIN-WORK 
CHAIR-SIT 
SALT-WATER 
BRIGHT-LIGHT 
NEVER-AGAIN 
SOUR-LEMON 
THIRSTY-DRINK 
WILD-ANIMAL 
BETWEEN-THEM 
GALLOP-HORSE 


(X = 49.3, SD = 10,24) 


(X = 36.0, . 


recognition acquisition and complex 
on, the present study supports the 
s that the syntagmatic-paradigmatic shift 
n" bal learning occurs at increasing 
as the complexity of the acquisition task is 
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COMP ISON OF PERFORMANCE WITH 
L. R. HARTLEY? AND A. CARPENTER 
Medical Research Council, Applied Psychology Unit, Cambridge, England 
impairment in a variety of tasks. 
reaction test in continuous loud noise 
‘vee field was compared, Sound-pressure levi 
ions. Impairment of performance occurred 
vay interaction indicated a tendency 
on gaps and for free-field noise 
leprivation and to annoyance effects of noise. 
The pr of continuous high-intensity noise 
presented ne free field has been shown to affect 
performa: n various tasks, including a serial 
reaction vigilance performance, visual dis- 
criminat d dual tasks involving tracking and 
multisou! »nitoring. Generally, noise levels 
above 9t (C scale) cause impairment in tasks 
with a h ent rate, such as the serial reaction 
test, or ; ovement in tasks with a low event 
rate, suci ne vigilance tests (Broadbent, 1971). 
In cor continuous loud noise presented over 
headpho :s not been found to cause impair- 
ment (Bri nt, 1960) in an arithmetic task that 
was affe »v free-field noise (Broadbent, 1958). 
There « vever, differences between free-field range). 
and hea«! > noise involving the similarity of 
informat; ceived by the two ears. In the latter 
case, thi uld be almost complete coherence 
between mation presented to the two ears, 
but this d not be true of the former case. 
In additio, problems of measurement of sound- 
pressure level (SPL) in the two settings arise 


changes in acoustic impedance fol- 
re of the ear by headphones. Fur- 
perceived loudness of noise presented 
sed headphone may be up to 10 db. 
less than that of the same SPL in the free field. 
The temporary threshold shift following pre- 
sentation of noise over headphones may also be less 
than that following the presentation of noise of 
the same SPL in the free field (Kryter, 1970). 

Nevertheless, there is some indication that noise 
over headphones may have similar effects to noise 
in the free field. Corcoran (1962) presented ap- 
proximately 90-db. noise over headphones to Ss 
who had lost one night's sleep. The Ss performed 
the five-choice serial reaction test. The increase 
in pauses or gaps of 1.5 sec. in the latter half of 
the test, following sleep loss, Was reduced by noise. 
Wilkinson (1963) repeated this experiment and 
found that free-field noise reduced the adverse 
effect of sleep loss on errors. 


EE | 


because 
lowing 

thermor 
in the e: 


xal direction of D. E. 
Royal Navy, which 
part of a program 
R el Research Co 
*equests fi i should 3 
Medical sts for reprints shows Hed Psychology Unit, 15 
ucer Road, Cambridge, England. 


Continuous loud noise presented in the free field has been found to cause 


‘erences between the two modes of presentation may be related to perceptual 


HEADPHONE AND FREE-FIELD NOISE? 


Performance on the five-choice serial 
presented over headphones and in the 
el was the same in both condi- 
in both noise conditions. A three- 
for headphone noise to have a larger 
to have a larger effect on errors. Dif- 


In the present study, the effects of free-field and s 
headphone noise of the same SPL on the five-choice 
seria] reaction test are compared. 


METHOD 


Subjects. The Ss were 2 housewives and 14 naval 
enlisted men. The males were taking part in 
variety of experiments, 
at the Medical Research — 
Council Applied Psychology Unit. The Ss all ` 
possessed normal hearing (less than 30-db. loss on | 
both ears or less than 35-db. loss on one ear at 
any of seven test frequencies covering the audible © 


fortnight of testing in a 
including the present one, 


Apparatus. The Ss were tested on the unpaced E 
version of the five-choice serial reaction test. The " 
S sat before a vertical display and a horizonta! 
response board. The display contained five neo! 
light sources arranged in a pentagon. The respons 
cm.-diam, brass discs ar- - 
ranged in a pentagon identical to the display. - 
The S was required to tap with a spring-loaded ‘an 
brass stylus the disc corresponding to the source 
that was illuminated. 
five discs, the display changed immediately to 
another source. Scores 
discs tapped (corrects), 
discs tapped (errors), 
greater than 1.5 sec bet 
tapping the next (gaps). 
an error and a gap indicator 
of the response board. 
whenever a gap or an error was made. 5 
Procedure. Each S was tested for 40 min. on 
the five-choice test both in noise and in quiet, - 
presented over headphones and in the free fied. 
The presentation order of the four test conditions 
employed four Latin squares, counterbalanced for — 
transfer effects. Before experimental testing, each A 
S practiced the test for 20 min. in free-field quiet — 
and for 20 min. in headphone quiet. Each practice — 
and experimental test was given on a different day, - 
but at the same time each day for each S. jx 
All Ss were given immediate knowledge of results — 
by their gap and error indicator lights. They also - 
received delayed knowledge of results when they 
were told the total number of corrects, gaps, and 
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- SouxD-PnsssvRE Lever. (iv db) ix Octave BANDS 


. Octave centers 


dband noise, having equal energy 

d noise, per octave 

een 50 and 4,000 Hz., was used in all condi. 
In the free-field ag ane this noise was 


justed to 95 db. (C scale) in the noise conditi 
and 70 db. (C scale) in the quiet monia ae 


2 kHz. 4ki | 8kHz 
87 84 68 
86 84 68 
83 83 69 
84 8. 70 
86 87 73 
85 86 70 
87 86 68 
87 86 69 
88 87 69 
86 87 68 
86 84 68 
87 83 68 

86,00 85,0: 69,00. 
82 83 67 
83 82 66 
83 86 68 
84 86 69 
87 88 12 
86 82 70 
86 84 68 
85 84 68 
84 87 76 
En 87 79 
84 86 | 74 
84 86 73 

84.30 85.09 | 70,83. 

a Dawe sound-level meter (1400E). These mea- 


surements were made close to S’s head. k 
In all conditions, S wore two miniature micro- 
phones and amplifiers at the entrance to cach ear. 
These units were Knowles (BL 1680) ceramic mi- 
crophones and amplifiers, measuring 2.28 X 5.59 - 
X 6.92 mm. They were mounted in the hollow, 
dorsal to, and outside the external auditory meatus 
(this location minimized standing waves). The — 
output of the two microphone units was amplified 3 


and displayed continuously on two meters near E. | 


The SPL in the noise and quiet headphone condi- - 
tions was adjusted to give the same meter reading 
obtained in the noise and quiet free-field conditions 4 
(95 and 70 db. C scale, respectively) for each S. | 
The meters were monitored continuously during | 
testing and SPL was adjusted to the criterion, if — 
necessary. Occasionally, S adjusted headphones | 
during a test. This could cause a change in SPL | 
of about 4-2 db. (C scale). In addition, the am- | 

plified output of the microphone in each ear was- 


usd nes, TABLE 
|, Gaps AND ERRORS IN HEADPHONE (HP) AND 


FmEE-FiELD (FF) Noise (N) AND Quier D 


nel tape recorder 
ed at 3.75 in/sec. 
lyzed for SPL 


icl of a two-chan 
s VII) and record 
> tapes were ana 


fed to one < 
(Ferrograp! 


Subsequent 
at each oct ind between 63 and 8,000 Hz. of 
the free-fie\: headphone sound spectra 
RESULTS 

Sound The spectra of the noise and 
quiet conc: did not differ for free-field and 
headphon« tations. The octave band anal- 
ysis of th d spectra in the noise conditions, 
recorded i íree-field and headphone presenta- 


. presented in Table 1. 


tions for 1 

The ar showed that the spectra recorded 
at the ea the two presentation conditions 
were clos ‘lar. Phenomenal reports from Ss 
indicated the two methods of presentation 
sounded nt, however. A more detailed 


‘of noise recorded 
in the headphone 
free-field condition 
nces of between 1 
ompletely 


is of three samples 
| the free-field and 

howed that the 

:erous small resona 
and 6 db. adphone noise was almost ¢ 
free of these resonances. 
Performance results. The three 
rects, and xs-were obtained f 
block of ; of the four tests. 


errors under each condition are presen' 
riance 


spectral a 
at the ear 
presentati 
contained 


interactions 
Analysis of errors 


gaps in Table 4. 
Or noise presentation on corrects Was found. Fur- 
ther analysis was therefore restricted to gaps an 
errors. 
TABLE 3 
SIGNIFICANCE OF FACTORS iN ERRORS 
Factor F df 
Noise level (J) 1L77* 1,15 
Noise presentation (K) 2.32 5 A 
Blocks of test (L) 1.58 pet 
JXK m i 
-56 7, 105 
119 7, 108 
n T, 


Gaps Errors 
FFQ HPN FFN HPQ 
4.62 6.62 10.68 7.26 
5.16 7.82 10.38 6.88 
00. 7.32 8.32 5,82 
z 9.00 10.62 6.68 
26.78 30.76 40.00 26.64 


noise as compared to q! 
be made, but headphon 
was not reliably different from free-field presen 
tion (Table 3). Although there was no reliab 
Noise Presentation X Noise Level interaction, 
ble 2 shows that there was a large increase (1 
in errors in free-field noise compared to qui 
F (1, 15) = 9.56, p « 01; but a small incr a 


(4.12) in errors in headphone noise compared 
quiet, which was statistically reliable only in thi 

latter half of the test, F (1, 15) = 85,2 < Xs 
Considering gaps, noise as compared to quiet. 

caused more gaps to be made, but headphone 
esentation was not reliably different from fi 

field presentation (Table 4). The increase in 
in noise as compared to quiet occurred in botl 
n (13.18), F (1, 15) m 


free-field presentatio 
p <05; and in headphone pres tation (| 
17.24, p <- 


Considering errors, 
caused more errors to 


conditions, F 


shows. 


There was & therefore, for headph 


tendency, tl 
ed to quiet to have a great 
In contrast, there wa! 


nin 

(15) = 3.4 

- DISCUSSION 

impairment just a 
physical intensity 


J ani 
noise (13.18) thai 


pared to quiet, ¢ 


dre 


Headphone noise causes 
field noise 


of the same 


TABLE 4 
TORS IN GAPS 


SIGNIFICANCE OF FA 


Factor 


el. 
Noise i SEED on ao 


phones (Kryter, _ 


hand, noise presented over 


field noise. In addition, 
to mask sounds generated 
t more effectively than 
These two factors, the 
of free-field noise and 
epis 


noise on gaps may 
deprivation accom- 
effect of noise on 
perceived loudness 
This explanation 


in intermittent 1 
tion (Hartley, 1974 
. This difference in impairment in t 


iwo setti 
may also account for the fact that, »wing sh 
loss, Corcoran (1962) found that h-: hone n 
reduced the increase in gaps, whe Wilkinson 


(1963) found that free-field noise : 


iced the ine 
crease in errors, 
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Che American Psychological Association announces publication of the second 
ition of the Publication Manual in August 1974. This new edition, which 
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The new Manual is more comprehensive than the previous edition. It updates 
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dited manuscripts for review before they are set into type, and some editors 
now use blind review procedures. The second edition also includes up-to-date 
statements of the coverage of each APA journal including the Journal of Ex- 
perimental Psychology which will be published in four separate sections in 1975. 
The new Publication Manual initiates several changes in APA style. 
These changes are announced in the August 1974 American Psychologist 
and will be introduced in the APA journals in January 1975. During the period 
of transition to the new style, authors should note that (a) all manuscripts 
published in 1974 will be copy-edited according to the 1967 Manual, (b) 
manuscripts accepted in 1974 and published in 1975 will be copy-edited to con- 
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T! iPORAL DIFFERENTIATION AND RECOGNITION MEMORY 
FOR VISUAL STIMULI IN RHESUS MONKEYS" 


MILDRED MASON asp MARTHA WILSON * 


University of Connecticut 


Three experiments using a matching-to-sample procedure are reported. Two 
experiments studied identification of visual stimuli in a two-alternative task 
as a function of the frequency of presentation of each specific stimulus within a 
fixed unit of time. Identification performance was found to be an inverse 
function of frequency of presentation. The third experiment manipulated fre- 
quency of presentation by employing two information loads (four and six 
alternatives) in an attempt to assess the relative contributions of facilitation 
from improved temporal differentiation and interference from an increased 
number of stimuli. Results are interpreted as showing that recognition is 
mediated by retrieval of temporal information encoded with the stimulus. 


* rength theories of recognition (Kintsch, even when target and distractor items were 
19 2) state that items are correctly recog- equated for frequency and recency. n 
ni;-d because their presentation has made In oposition to strength theories of recog- 
thm “stronger” than other, distractor nition, Anderson and Bower (1972) argued - 
itcms. The implication is that unless target that all recognition memory experiments 


ard distractor items differ on some variable E 


are list differentiation experiments in dis- 
a fecting their strength, such as frequency guise; “the subject's actual task is to dis- 
or recency of presentation, recognition criminate a particular subset of words from 
could not occur. However, there is ample 


all others on the basis of differentia such as — 
evidence that human recognition memory f 


where, when and how the word was en- 
fc- linguistic materials cannot be accounted countered [p. 102]. 


" A list marker theory ~ 
foi by an undifferentiated (“ahistorical”) was advanced by Anderson and Bower as a 
tra > strength theory (cf. Bower, 1972; 


device for keeping events separate in mem: 
Hin zman & Block, 1971; Shiffrin, 1970) ory. According to this theory, recognitio 
The inadequacy of an undifferentiated is dependent on retrieval of contextual i 
stren; th theory is not limited to linguistic 


formation encoded at the time an item 


mater ls: Brown (1973) found retardates’ presented. 4 Be 
recognition memory for pictures to be high The delayed matching-to-sample (MTS) 
task with rhesus monkeys is a recognition — 

memory task. To be more precise, it is 
f Mental Health. recognition of identity from memory task. 
for his helpful Instead of responding “old” or "new » the 
monkey displaces the stimulus in the re) 
hes" the stimulus - 


The sample i 


1 This i search was supported by Grant MH-18217 


from the National Institute o 
The authors thank Leonard Katz 
ipuments. AES 
Requests for reprints should be sent to artha se array that "matc 
Wilson, Departme ^ > U-A52, Univer. SPO? y 
d , Department of Psychology, 2, » i 
sity of Connecticut, Storrs, Connecticut 06268. previously seen as the sample 
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ata (Wilson, 
deler, & Lieb, 1972) which indicate that 


ras it?", ide 
ith only two alternatives if performance is 


retrieval of con- 
the poorer per- 
ative MTS task 


tiating t 
When, an 


Dif- 
« 

i ‘how” are nonex- 
1s always presented in 


) MARTHA WILSON 


must decide which of the 
most recently presented. \, 
uli in the set, the problem 
ferentiation is maximal; v 


/ stimuli was 
h two stim- 
^mporal dif- 

a block of 


24 trials extending over a fi nit of time, 
each stimulus must be tem ly differen- 
tiated 12 times. With n = ch stimulus 
must be temporally differe ed 6 times? 
within the same unit of ti: It follows - 
that the 1 —2 case should b re difficult 
since, as the number of al. itives de- 
creases, the average interst s interval 
(ISI) for any specific stin also de- 
creases. Thus, differentiatie the tem- 
poral attributes of stimuli « | become 
more difficult, as would be th with any 
stimulus dimension on which stimulus | 
values are compressed. 

The delayed MTS task wit! us mon- 
keys appears to be a para ideally 
suited to an investigation of 1i of tem- 
poral context in recognition rmance, 
By using stimuli that differ « veral di- 
mensions, the difficulty of dis. ninating 
between the stimuli can be mi: od, and 
Correct identification can be dasa 
function of the ability to en ind re- 
trieve temporal information. exper- 
iments reported here, this was ası plished 
by varying the number of tim: specific 
stimulus appeared as the sample within a 
fixed unit of time corresponding n exper- 
imental session. A simple strength theory 


would predict no effect of fr 
presentation per unit time in the 
if total frequency for each stimulu 
alent. Moreover, incremental strength of 
the sample due to recency is constant, re- 
gardless of the number of times the stimulus 
appears as a sample during the experimental 
session. If, however, each specific stimulus 
presentation carries specific temporal in- 
formation that must be retrieved for recog- 
nition to occur, identification performance 
should deteriorate as the frequency of pre- 
sentation increases within a fixed unit of 
time. This argument is limited to the 
case of highly discriminable stimuli that are 
familiar to the monkey, i.e., stimuli in long- 
term storage. Red squares, yellow trian- 
gles, etc., are, to these Ss, the equivalent of 
common words to human Ss. 


EXPERIMENT I 


The f-t experiment studied the effect of 


varying - frequency of presentation per 
unit tir^^, by manipulating this variable in 
wo wa: (a) presenting fewer trials per 
session a given two-alternative stimulus 
set, wit groups of trials separated by pe- 
riods o filled time (U condition) ; and (b) 
presen fewer trials per session on a given 
wo-ali -native stimulus set, with groups of 
trials arated by periods of filled time, 
ie. tr on different two-alternative stim- 
ulus : (F condition). Comparison of 
these . »nditions with a control condition 
C co: lition) should permit a distinction 
betwc | a capacity limitation on perform- 
ance . xd a processing limitation based on 
emp: - «1 discriminability. 
If | U condition produces better per- 
form: ce than the C and F conditions, 
this s gests that the total number of items 
p per u..it time determines performance. Or, 
in th . particular case, that 24 stimuli can- 
not |. processed efficiently during an exper- 
imer al session. If, on the other hand, the 


U ai! F conditions produce equivalent per- 
| forn ince which is superior to performance 
in t.e control condition, this would support 
the conclusion that the limit on perform- 
ance depends on the total number of times 
temporal information must be retrieved for 
each specific stimulus. 


- Method 


Subjects. Three experienced rhesus monkeys (Ma- 
caca mulatta) served as Ss. Despite extensive prior 
- M'S training, the three Ss had not attained a high 
levo’ of MTS performance on two-alternative tasks. 
Eaci. S was randomly assigned to one of three order 
grou; and served in two experimental sessions per 
day (morning and afternoon) on 13 consecutive days. 
li. Bight planometric objects were made by 
1 25-in. Masonite board into forms differing 

in size and shape, which were spray painted in dif- 
ferent colors. Figure 1 shows the objects as they 
mly paired to make four sets of stimuli. 
Testing was carried out in a modified 
The inside of 


T 


“the bottom. Underneath this screen, two sets of 

Srooves were fixed, one just above the other. These 
allowed two sliding stimulus trays, each resting in a 
Set of grooves, to be moved independently from the 
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LIGHT BUE YELLOW BLACK WHITE E 
LES sir 2 : 
ORANGE BROWN PINK DARK BLUE 
stra seta 
Ficure 1. Stimulus sets used in Experiment I, 


front compartment in view of S to the back compart- - 
ment behind the screen, The top tray had one cen- 
tered food well, which served as the sample tray. 
The bottom tray had six food wells, with centers 2 
spaced 8 cm. apart. The two center food wells were i 
used for the response array, A Hunter timer was 
activated by a microswitch fixed to a sliding opaque 
barrier between S and the testing tray, which was 
lowered between trials. This circuit controlled the 
duration of the intertrial intervals (ITIs) by produc- 
ing signal lights visible only to E. 

Procedure. A trial began with the baiting of the 
food well under the stimulus in the response array 
that matched the sample stimulus on the top tray. 
Both trays were then pushed into the front compart- 
ment, with the bottom tray concealed by the top one, 1 
The opaque barrier was raised, and S displaced the 
sample stimulus. The opaque barrier was then low- 
ered, the sample tray was pulled back behind the - 
one-way screen, and the opaque barrier immediately 
raised to expose the two stimuli in the response array. 
If S displaced the correct stimulus, he found a raisin 
reward in the food well. A trial was terminated 
when a response was made. The opaque barrier was 
then lowered, starting the timing of the ITI. The 
ITI used on all successive trials was 30 sec. For the 
U conditions, 5 sec/trial following the ITI was in- 
cluded, since this was the average amount of time 
required for the raising and lowering of the barrier, — 
and S's response in the C and F conditions. 

Experimental design. The total amount of time for 
an experimental session, 16 min., 30 sec., was kept - 
constant across all experimental conditions. Eac 
stimulus was presented asa sample equally often in a 
session. The number of times a stimulus appeare 
as the sample within an experimental session Was 
varied by interpolating trials on one or two differen! 
stimulus sets or by providing an. equivalent number 
of blank trials, A control condition represented the 
customary 24-trial two-alternative MTS task and. 
was equivalent to 12 presentations/ stimulus/unit 


time. 1 2 
There were two levels of frequency (six and four) 2 
F-6 condi- 


within the F and U conditions. In the 


TABLE 1 


Mean Percent Correct RESPONSES 
AS A FUNCTION OF FREQUENCY OF 
PRESENTATIONS PER Unit TIME 


Experiment 
Condition 
I II and III 
12 Presentations 
Control 65.7 83.7 
6 Presentations 
Unfilled 64.8 89.0 
Filled 72.7 88.5 
. Complete set — 59.1 
4 Presentations 
‘Unfilled 76.9 89.0 
Filled 75.0 88.8 
. Complete set — 63.3 
2 Presentations 
Filled ET 90.2 


tion, 4 successive trials were presented on one stim- 
lus set, alternating with 4 successive trials on a 
ond stimulus set. In the U-6 condition, 4 succes-- 
e trials were presented on one stimulus set, alter- 
ing with periods of unfilled time equal to 4 trials. 
lus, in these conditions, each stimulus in a given 
et was presented 6 times per session as a sample. 
‘The F-4 condition consisted of 2 successive trials on 
"stimulus set, repeated 4 times to make a total 
4 trials, In the U-4 condition, 2 successive trials 


The three basic 
C, F, and U, were counter- 
Latin square. Within the 


summary, 
'ere control (12 
tations), and 


a necessary “filler,” 
__ used in the statistical 


Results 


Percent correct responses for each stimu- 
lus set in each experimental condition were 
calculated for each S and analyzed in an 
analysis of variance with 44 df. The effect 


Se, 
AND MARTHA WILSON 


of using different stimulus sc 


vas not sig- 
nificant, nor were there sign“ ant interac. 
tions between stimuli and c ions or Ss 
and conditions. The overa! 't of con- 
ditions was significant, F ( = 5.81, p 
< .05. The mean percent ect, com- 
bined over the three stimu s used in 
each condition, are shown in le T. 
Orthogonal comparisons i ted that 
(a) the experimental condi: produced 
better performance than the | condi- 
tion, F (1, 8 = 688, p < .0 sessions 
with four presentations of e stimulus 
produced better performance sessions 
with six presentations, F (1, : 10.19, p 
< .05; and (c) there was no « n per- 
formance attributable to an « f filled 
vs. unfilled time (F < 1). results 
suggest that increasing tempo: rimin- 
ability leads to better recognit ^mory, 
independent of the strength c stimu- 
lus. Furthermore, the lack of «: ice be- 
tween filled and unfilled tin: ditions 
indicates that the accuracy wii "ch 24 
stimuli can be processed in a : ne de- 
pends upon the number of timc ; stim- 
ulus was presented and not on : imber 
of items presented; thus, the li: ion on 
recognition memory in the con vondi- 
tion is not due to a capacity lim 
EXPERIMENT II 
Whereas the results of Experiment I 


strongly supported the hypothesis that vis- 
ual identification is mediated by temporal 
differentiation, three features in the design 
Suggest caution in interpreting the results. 
First, the particular sample of monkeys 
used limits the generalizability of the re- 
sults because they were "problem mon- 
keys,” in the sense that they had never at- 
tained a high level of proficiency at MTS. 
Second, the U-4 and F-4 conditions always 
followed the U-6 and F-6 conditions, and if 
practice effects were operative, there was à 
systematic bias in favor of four presenta- 
tions. However, the control, filled, and un- $ 
filled conditions were counterbalanced, so 

we can be confident that practice effects did 

not enter into the improved identification _ 
performance found with the two experimen- 

tal conditions. It also seemed desirable to 


ontrol condition with an ex- 
;dition that would represent 
nd point for the frequency of 
variable. Therefore a second 
as run in order to extend and 
ündings in Experiment I. 


« rhesus monkeys served as Ss in Ex- 
lhree rhesus monkeys, all of which 
il on MTS tasks, were added to the 
participated in Experiment I: 
our additional planometric stimuli were 
8 stimuli used in Experiment I, and the 
re randomly paired to make up 6 stim- 
ich are presented in Figure 2s 
al design, Six conditions were pre- 
Latin square design. They consisted of 
nditions in Experiment I and an 
n which 24 successive trials on the 6 stim- 
vere presented, with trials segmented into 
2 trials on a given set. Each S was ran- 
signed to 1 of 6 orders of presentation of 
s, and served in 54 experimental sessions 
«'ons on the C, F-6, F-4 and F-2 conditions, 
»ns on U-6, and 18 sessions on the U-4 con- 
This procedure provided equivalent data 
s/stimulus) on all stimulus sets under all 
and served to equate total frequency of 
across conditions. 
Each S was tested twice a day, once 
Í two Es, for 27 consecutive days. One S 
es of apple as reinforcement be- 
In all other respects, the 
e the same as in 


“presentations 
Procedure. 


ance in the six 
he six stimulus 
Table 1. An analysis of 
with 215 df, indi- 
ffect of conditions was again 
2323, p < 01. 
accounted for by 
the frequency of pre- 
variable, F (1, 120) 
can be seen that as 
tion per unit time 
recognition 
t 1, there 


-arcent correct perform 
, litions averaged over t 


e linear effect of 
ntation per unit time 
12.08, p < .001. It 
e frequency of presenta 
a given stimulus increased, 
leteriorated. As in Experimen 
Was no difference between the F and U 
nditions, which again argues against a 
pacity limitation in the usual MTS para- 
It should also be noted however that 


O 


invi 


ES 


Figure 2. Stimulus sets used in experimen 
II and IH. 3 


the four- and six-presentation conditions 
produced equivalent performance. 
Differences in recognition performance 
attributable to the stimulus sets used were da 
significant, F (5, 120) 421, p < .001. < 
Since the interaction of stimuli and Ss was 
not significant (F < 1), the effect of stim- 
ulus sets is interpreted as reflecting real - 
differences in identifiability. However, thi 
factor did not interact significantly with — 
conditions. It can be concluded therefore ir 
that given a population of highly trained X 
monkeys, covering à broad range of ability, : 
the role of stimulus frequency per unit. 
time obtains over à range of familiar re- 
dundant stimuli. " 
The time in the expe 
which each condition wa: 
also produced à significant effect on per- 
formance, F (5, 120) = 7.01, p < .01. This | 
effect suggests that, at the particular ITI of 
30 sec. which was used, finer temporal dis- 
criminations can be made with practice. 


rimental sequence in 
s presented to 58. 


EXPERIMENT HI 


pulate the frequency l 
t time is to increase 


Another way to mani 
of presentation per uni 
the information load, or num 


ber of stimuli 


in the set. As the number of alternatives | 
increases from 2 to 4, the number of presen- | 
h stimulus decreases from 12 


tations of eac 
to 6. With 6 sti 
tions per stimulus. 
information load sh 
temporal discriminability 
balanced presentations an 


are used. 


muli, there are 4 presenta- - 
Thus, increasing the 
ould also improve the 
of the stimuli, if 
d a constant 1TL 


MILDRED MASO 


f temporal discriminability is the only 
tor limiting recognition performance, 
performance should improve as n becomes 
rger. If, on the other hand, the ability to 
tegorize a set of stimuli is the only limit- 
g factor, performance should not improve, 
r should deteriorate, as n becomes larger. 
previous MTS experiments with rhesus 
- monkeys (Wilson, 1974), it was noted that 
: rformance was poorer on tasks withn = 2 

than would be expected from performance 
on tasks with n > 2. This suggests that 
emporal discriminability is a 
1 recognition, 
nents I and II 


j The same six monkeys which served in 
‘periment II were used, They were divided into 


In the four- 
a set were 
e formance in each complete set (CS) condition 

ld be compared with the F condition in Experi- 
nt II with the same number of stimulus presenta- 
s/unit time, One group of Ss received CS.6 


presentation con- 


T5:4- 6; 
- of stimuli presented 


and each CS.6 
the procedure pro- 
observations (12) on each 
ns. 
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per day, morning and afternoon, fo. ix consecutive 


days. 
Results 

Comparing the results of 1 ‘iments II 
and III, as shown in Table I, i ates that — 
both set size and temporal di "inability — 
affect recognition performanc« Vhen the 
number of stimulus presentat per unit 
time is held constant at four « , Set size 
determines performance. Per, correct 
was greater with two stimuli : ' set, as 
in the F condition, than in the ( ndition 
with the same number of stimu 'senta- 
tions per session, F (3/515) 5.47, p 
< 001. On the other hand, w et size 
was held constant, as in Experir ; I and 
II, the number of times a giv: mulus 
Was presented during a session v: - found 
to determine performance. Th. ure to 
find significant differences betw.« ur and 
Six presentations in Experim« i and 
four and six alternatives in Experiment i 
makes further interpretation dous; 
however, performance in Experi IH 
was somewhat better with few: mulus 
presentations and a larger number of stim- 


uli in the set, Suggesting again that iempo- 
ral descriminability is a major factor in 
recognition performance. 


GENERAL Discussion 


An undifferentiated strength theory of recog- 
nition memory cannot account for the data of 
Experiments I and II. If frequency of presen- 
tation were the attribute used for discrimina- 
tion in the MTS task, performance would be at 
chance level, Not only is total frequency of 
Presentation equal for the target and dis- 
tractor in all conditions, but within any block 
of balanced trials, the distractor item will have 
a higher frequency of presentation on half of 
the trials presented. Therefore, a strength 
theory invoking differences in frequency be- 
tween the sample and the distractor item would 
predict chance performance under all experi- 
mental conditions. Thus, any difference in 
Strength necessary for correct discrimination of 
the target item to occur would have to be based 
On recency of presentation. However, the tar- 
get item is always the item most recently pre- 
sented in the MTS paradigm. Furthermore, a 
simple strength theory cannot predict that per- 
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formance 


iid be poorer when a stimulus was 
presented imes during an experimental ses- 
sion than when it was presented 2, 4, or 6 
times. 


The dai: of Experiments I and II support a 


context r -rker theory, such as the one ad- 
vanced by .\nderson and Bower (1972). In the 
MTS tas., the nature of the contextual infor- 
mation tt must be retrieved for recognition 
to occur .: clearly temporal. The implication 
of Expe: ments I and II for investigators of 
recognition memory in nonhuman primates is 
that th- question "What was it?” is not dis- 
tinct |^ n the question "When was it last 
seen?" ^s Hinrichs (1970) pointed out, the 
judgm of recency is itself a memory-depen- 
dent p nomenon; a stimulus must be identi- 
fied bi ore a judgment of when it occurred can 
be m It would appear in turn that the re- 


trieva’ of temporal information plays a role in 
ident: .cation of the stimulus. When the effect 
of nu ber of alternatives on recognition mem- 
ory is che variable of interest, it is necessary to 
unco: {ound differences in temporal discrimin- 
ability inadvertently introduced by changing 
the »umber of alternatives. 

The research described in this paper also has 
implications for the study of human memory. 
The Anderson and Bower (1972) theory that 
context is associated with a stimulus via à 
paired-associate paradigm is a heuristic device 
for bringing together "what" and "where, 
when, and how." According to the theory, rec- 
ognition is accomplished via retrieval of associ- 
ated contextual information. The nature of 
the contextual information is nonspecific. As 
used by Anderson and Bower (1972), “‘con- 
text” includes cognitive activities on the part 
of S such as ideas, feelings, associations, às 
well as physical aspects of the stimulus and 
temporal information. This makes it difficult 
to make critical tests of a context marker the- 
ory in human adults. 

Brown (1973), in her investigation of retar- 
dates’ recognition memory for pictures, manip- 
ulated what is probably the most obvious type 
of contextual information by providing two 
distinct experimental contexts for target and 
distractor items. Minimizing the differences 
between the two contexts had virtually no ef- 
fect on recognition preformance. However, 
varying the degree of temporal separation be- 

tween the target and distractor items did have 
a marked effect on recognition performance. 
Even a slight temporal separation, within abe 
same context, helped subsequent discrimina- 
tion of target and distractor items. Thus, the 


role of temporal information in item differentia 
tion was clearly brought into focus by Brown. 


Temporal context can be subsumed under 


context in general. Underwood (1969) hi 
made the point that the memory of an eveni 
includes a unique temporal attribute. Since 
only one memory (itself an ensemble of attri- 
butes) can occupy one point in time, the tem 
poral attribute is unique. Given that huma 
and animals can and do keep separate even: 
distinct in memory, it would seem that in t 
quest for what specific type of information ma’ 
serve as context markers, temporal informa- 
tion is a prime candidate because of its unique 
one-to-one mapping with a specific stimulu 
event. Itis difficult to see how a given poi 

in time can have a representation in memory — 
except in terms of the event that occurred at - 
that given point in time. Indeed, a recent 
study by Hintzman and Block (1973) offers 
empirical data to negate the notion that tem 
poral variables are directly encoded in memor: 
Rather than times of occurrence of stimulu 
events being represented by distinctive inde- 
pendent representations, it would appear from 
their study that the spacing of repetitions i 
encoded as an implicit judgment of recency. 
The experiments reported here are consistent. 
with this conclusion, oe 
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Two experiments 
were varied from 
In both experiments, the 


trial to trial, while 


enhance the degree of learning. Delayed recall (Experiment I) and the degree 
II) favored a repetition effect. 


of learning (Experiment 


into question the notion that the first few digits in each string are 


address the strings in memory. 


‘oth Schwartz and Bryden (1971) and 

Vonzenz (1972) have demonstrated that 

S. may fail to learn material in spite of 

r: ated presentations. Basically, Ss were 

re juired to repeat back digit strings im- 

n diately after each string was presented, 

S ne-of the strings, e.g, every other 

s ‘ng, were nearly identical—only the first 

| » or three digits changed from trial to 

t al. Surprisingly, Ss failed to make use 

c the remaining repeated portion, and 

r "all did not improve. The sole exception 

vas in one condition in the Schwartz and 

-yden study where only the first digit 

. c .anged across trials and a repetition effect 

© was obtained. 

| Taken as a whole, these data may in- 

T cicate that digit strings are stored in 

various memory locations, the first three 

or so letters serving as the address for a 

| location (Schwartz & Bryden, 1971). The 

repeated portions of past strings cannot be 

utilized because they are addressed at dif- 

ferent locations. It could be argued that 

chen only the first digit changes, the 

identity of the remaining digits in the 

acdress is sufficient to produce a successful 
search for past repetitions. 

The support for such a memory system 
provided by these data is weak, in that 
it relies on a null effect. The present 
study was designed to show that repetition 
effects can be obtained under certain con- 
ditions, and thus to call into question the 
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were conducted in which the initial portions of digit strings 


individual strings were presented more then once to 
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the remaining digits were constant. 


These results call 
used to 


notion of memory locations addressed by j: 
the initial digits of each string. 

In Experiment I, each string was pre- - 
sented twice in succession, ensuring a rela- 
tively strong representation in memory. à 
The strings were recalled under conditions 
of either immediate or delayed recall, since 
it has been previously demonstrated that 
certain repetition effects can be observed 
with delayed but not immediate recall 


string. One group 
sive repetitions, and 
in order to examine the effect of the degree 


of learning of each string. 


METHOD 


¥ 

In each experiment, 72 introductory psychology - 
students served as 5s. They were assigned to one — 
of the two groups, in alternating order, as they 
came to the experiments. xx 
In Experiment I, eac! 
nine-digit strings. Half (every ot 
were R (repeat) strings, 
(Positions 4-9) were always the sa 


to trial. 
a different random sequence of digi 
strings). Each string was prese 
twice in succession (Presentations 
The Ss were instructed to repea' 
they heard and were told that eac 
repeated. The strings were prese 
tape, ina monotone, at à uniform rat 
Four seconds prior to the first digit, a m 
was given. For immediate recall, the last digit. 
was followed by the word recall and 15 sec. were 
allowed for the oral recall period, which was ter 
minated by the ready signal for the next presenta i 
t 


W Immed A 
O Del A 
€ immed B 
O Del B 


Trials 


"IGURE 1. Mean difference scores across trials, 
both Presentations A and B, for Experiment I 
mediate vs, delayed recall) and Experiment II 
O vs. four repetitions). 


The ready signal was the word ready for 
presentation and the word repeat for each B 
tation. For delayed recall a string of 13 


The consonants were 
ented at a l-sec. rate and Ss were required to 
at each consonant immediately after it was 


Each trial consisted of Presentations A and B of 
R String, and an N string, for a total of six 
als per 5. Within both groups, half of the Ss 
on an R string and half on an N string. 
‘oss Ss, each R string and N string was used 
ally often on each trial. 


Th 
of A presentations was scored separately fom 
B set. A digit was scored as correct if it ap- 
ared in the correct absolute position in output 
if it was in a misplaced run of four or more 
rrect digits. 

The materials consisted of three different sets of 
Strings, used equally often in each group. The N 
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strings of each set were generated ír 
0-9 using a table of random numb: 
restriction that no digit be used mor: 


The constant portion of the R string each set 
was determined in the same mannei h left a 
total of four digits to fill in the first t) positions 
of the six R strings. The positions a quences, 
of these leading digits were made a: nilar as 
possible, e.g., if a digit served in the position 
of an R string, it could not serve in »osition. 
again unless at least two interveni strings 
had occurred. 

In Experiment ll, the strings we: thened 
by adding three additional digits t trings 
constructed earlier. For each N strin three 
digits were chosen randomly, without : ment, 
from the digits 0-9. For the R string 1 each 
Set, a single set of three digits was ri ly de- 
termined and added to each R string nine 
digits repeated in each R string. Th erence 
scores were based on Positions 4—12. 

The procedural details of Experim were 
essentially the same as those of Exp | for 
immediate recall. One group of Ss two 
Successive presentations of each stri the 
other group received four presentatic By C; 
and D). 

RESULTS AND Discussio 

The trial-by-trial difference « for 
Experiment I are shown in the u; alf 
of Figure 1. There was no over: peti- 
tion effect on Presentation A, / 350) 
= 1.45, $ > .05. The Trials X Ix in- 
teraction was significant, Æ (5, 350) 4.00, 
b < .005, and an analysis of simpl- -fects 
indicated that the effect of trials was not 
reliable for the delay condition, F (5, 175) 
= 101, p> .05. Although there was a 


reliable simple effect of trials for the im- 
mediate recall condition, F (5, 175) = 4.03, 
b < .005, it cannot be taken as reasonable 
evidence for a repetition effect in view of 
the sudden drop on Trial 6. The linear 
component of -this effect was not signifi- 
cant (F < 1). 

For Presentation B, a repetition effect 
was observed for the delayed condition. 
The overall effect of trials was significant, 
F (5, 350) = 5.95, p < .001, as well as 
the Trials X Delay interaction, F (5, 350) 
= 8.21, p < .001. The analyses of simple 
effects indicated a significant improvement 
for delayed recall, F (5, 175) = 6.12, p 
< .001, but not for immediate recall, 
(F « 1). 


—— © 


E 


T! — difference scores for Experiment II 
zown in the lower half of Figure 1. 


are 
The -ifect of trials was significant for both 
Pres station. A, F (5, 350) = 8.50, p < 


00: «nd Presentation B, F (5, 350) = 6.98, 
p< 901. The Trials X Groups interac- 
was significant for Presentation A, 
F 350) = 3.28, p < .01, but not for 
Pr ‘tation B, F (5, 350) = 1.40, p > .05. 
Ti. interaction for Presentation A indi- 


ca — superior improvement for the group 
w four repetitions. The analysis of 
si de effects for Presentation A indicated 
si. \ficant improvement for both the two- 


ro tition group, F (5, 175) = 6.16, p < 
©., and the four-repetition group, F 
( 175) = 4.90, p < .001. These analyses 
wre essentially unchanged when only Po- 
s: ons 4-9 were considered. 

hus, there is evidence that the number 
o: -epetitions of each string and the pro- 
c iure of delayed recall contribute to the 
a nonstration or enhancement of a repeti- 
(on effect. Under these conditions, at 
| ist, it does not appear that each digit 


PARTIAL REPETITION OF DIGIT STRINGS IN LEARNING | 


string is addressed in memory by its ini 
digits. 

However, it is still possible to reconc 
these data with the view that digit stri 
are stored in various locations and 
some portion of the content of each stri 
serves as an address. One could assu 


address. Some Ss may actually use t 
initial digits, while others use salient dig 
patterns in other portions of the string, - 
or perhaps a digit that occurs twice within: 
a string. These data do not, however, — 
offer positive evidence that such stora; 


strategies are actually employed. 
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messages were relevant. 


of attention. 


Experimental evidence that has accumu- 
ed during the last twenty years demon- 
rates that it is extremely difficult to divide 
ention between two concurrent speech 

ages. Some theories of attention ex- 
lain this difficulty on the assumption that 
multaneous messages can only be analyzed 
ally. This idea is shared by filter theory 
(Broadbent, 1958, 1971; Treisman, 1964), 
_ which assumes à general limitation on per- 
ption, and by analyzer theory (Treisman, 
(969; Treisman & Davies, 1973), which 
_ assumes that processing is necessarily serial 
ithin each analyzer system, although it 
nay occur in parallel in different systems. 


processing of concur 


ble, but at a distinct cost in speed and 
effectiveness. 
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The Ss listened to dichotic lists of words and responded to animal nav. 
by pressing a key. Group 1 performed in a condition of focused attenti 
to one of the messages and in a condition of divided attention, where bo: 
Group 2 performed in focused attention and 

a single-message condition. There were many more omissions in divided th 
in focused attention, and mean reaction time (RT) was prolonged. The: 
was no difference in RT between focused attention and the single-messa 
condition. The occurrence of an animal name in the irrelevant messa; 
occasionally caused errors. The results are consistent with an effort theor 


Much evidence that is relex » these 
theories is already available i$, the 
assumption that perceptual p: es are 
parallel and effortless implies t hould 
be easy to watch for a parti target 
word, or class of words, in tw irrent 
messages. Contrary to this n, it 
has been shown that when S si ys one 
of two messages that are sin: ously 
presented to his two ears, he ! easy 
to detect a target word embed: the 
shadowed message, but not in ther 
(Treisman & Geffen, 1967; 1 in & 
Riley, 1969). On the other hanc re is 
also evidence against filter theory. “hus, 
it has been shown that some para! ces- 
sing occurs even in a situation e sS 
intentionally focuses attention on one of 
the concurrent messages (Corteen & \\ ood, 
1972; Greenwald, 1970; Lewis, 1°: A 
study by Treisman (1970, Experiient 5) 


provides particularly strong evidence for 
parallel processing. She measured reaction 
time (RT) for the decision of whether an 
item is a digit or a letter. Reaction time 
was reduced by informing S in advance of 
which digit he should watch for, and the 
reduction was the same (115 msec.), re- 
gardless of whether S performed a digit- 
letter discrimination on one item or on a 
pair of simultaneous items. This finding 
Suggests that the decision that an item is 
or is not a digit can be made in parallel for 
two simultaneous inputs. Simultaneous 
decisions on two items were slower, how- 
ever, as might be expected from an effort 
theory. 
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e. 


RT IN FOCUSED AND IN DIVIDED ATTENTION ; 


in the experiments reported in this paper, 
studied RT for the detection of animal 
:es in a word list under three conditions. 

one group of Ss, different lists of words 
e presented to the two ears, and Ss 
e required either to focus their atten- 
1 on one ear or to divide attention be- 

‘en the two ears. Another group of Ss 

‘formed in the condition of focused at- 

ntion and in a condition where a single 

ssage was presented to one ear. Differ- 
theories of attention entail different 

-dictions for the comparison between the 
\rious conditions. 

Consider the condition of divided atten- 
on. A theory which assumes that parallel 
rocessing is automatic, complete, and 
ilortless suggests that performance in 
ivided attention should not differ ma- 
rially from performance in focused atten- 
on. If the activities of processing the 
vo inputs do not interact, there is no 
sason to expect a slowing of RT or other 
vidence of interference in divided atten- 
ion, since the present design never requires 
aore than one response at a time. 

In contrast, a filter theory entails a 
üfference between the mean RT in focused 
ind in divided attention. A long RT is 
xpected whenever S is not attending to 
the correct channel at the critical time and 
only recovers the target word in a subse- 
quent search of buffer storage. A substan- 
tial number of omissions is also expected. 
However, filter theory implies that RT to 
the target will sometimes be as fast in 
divided as in focused attention, if 5 happens 
to be attending the correct channel at the 
instant the target is presented. Like filter 

heory, an effort theory implies an impair- 
ment of performance in divided attention, 
but the two theories lead to different pre- 
dictions concerning the details of the RT 
distribution. While filter theory assumes 
that S in divided attention is sometimes in 
the same state as if he were focusing atten- 
tion, effort theory proposes that the two 
states are consistently different. Conse- 
quently, filter theory entails that some of 
the responses in divided attention will be 
as fast as the fastest responses in focused 
attention. Effort theory entails that there 


should be no overlap between the two dis: 
tributions in the range of fast RTs. 


METHOD 


Subjects. All Ss were first-year psychology under- 
graduates fulfilling a course requirement. All wei 
right-handed and without gross hearing defects. 
There were 36 Ss in Group 1 and 8 in Group 2. "n 

Equipment. A Revox two-channel tape recorder — 
was used to present the stimuli through stereo- Si 
phonic headphones. b 

Materials. A total of 45 dichotic lists were 
recorded. Each list consisted of a warning tone, 
followed—after approximately 2 sec.—by 10 pairs 
of different words to the two ears, read by the - 
same female speaker at a rate of 2 pairs/sec, AIL 
words were bisyllabic Hebrew words with the accent 
on the second syllable. The duration of each word — 
was 300-400 msec., and the average asynchrony — 
of onset between concurrent words was about - 
20 msec. 3 

Within each list of 10 pairs of words, there were - 
two names of animals, one in each ear. The animal: 
names were inserted in Serial Positions 5, 6, 7, 8, - 
or9. The two animal names were never presented 
simultaneously. On the average, the first animal 
name was presented in Position 6, and the second | 
in Position 8. Only 20 names of animals were - 
used. Each name was presented once to the right 
ear and once to the left ear in each half of the 
experiment. The other words in the lists were of 
high frequency, matching the average frequency 
of the animal names (Mehlman, Rosen, & Shaked, 
1960). n 

Design and procedure. There were three experi- | 
mental conditions, described below. E 

1. Divided attention: The S was instructed to 
listen to the words on both ears, to press a response Na 
key as soon as he heard the name of an animal, 
and afterward to report the name that he had 
heard. Only the first animal name in the message | 
was responded to. No opportunity was given to 
correct errors, and no feedback was given on RT 
or errors. 

2. Focused attention: The S was told before - 
each trial which message (right or left) was relevant 
for that trial. In half of the series, an animal ' 
name occurred in the irrelevant list prior to the 3 
presentation of the target. pi 

3. Single-message: A single message Was pre 
sented to one ear. The S was told before each xi 
trial which ear was relevant, but he was not in- - 
formed of whether an irrelevant message would be - 
presented to the other ear. + 

The 36 Ss in Group 1 performed in the condi- — 

tions of divided and focused attention, The 8 E 
in Group 2 performed in the conditions of focused: 
attention and single message. 3 

Both groups had 5 practice trials and 40 experi- y 
mental trials The experimental trials were divided 
equally between the two task conditions, whi h 
appeared in quasi-random order. In the condi- 


Type of error 


Omission 
cu ni 
Focused (1) 2. $ -— 
- Focused D 44 3.0 2.5 
Focused (total) 3.6 2.2 1.3 
5.0 = — 
5.0 — — 
11.3 Lu — 
Focused (total) 8.1 — — 


‘ote. Error rate percentages are computed from the number 


s in each condition. 
n the focused (1) condition, the was the first animal 


e on either message. In the focused (2) condition, the target 
precede an animal name on the irrelevant message. 


s of focused attention and single message, the 
ant message was presented with equal fre- 
cy to each ear. Four different sequences of 
uctions were used for Group 1, so that each 
led message was presented for divided atten- 
| to half of the Ss and for focused attention to 
' others, with a further subdivision to ensure 
t the left-ear message and the right-ear message 
relevant for an equal number of Ss, Similar 
tions were taken for Group 2, so that each 
lessage was relevant equally often in the condi- 
ns of focused attention and single message. 
Measurement of reaction time, The warning tone 
preceded each message started the reaction 
; which was stopped by S's key press. The 
between the warning tone and the beginning 
e target word was precalibrated to an accuracy 
bout 10 msec. by feeding the output of the 
recorder to a high-speed pen writer. The 
of RT were adjusted to the beginning of 
target word. 


RESULTS 


oup 1. Table 1 presents the frequency 
rious types of errors under the differ- 
experimental conditions. It is apparent 
it omissions were far more frequent in 
ded attention than in focused attention, 
35) = 13.27, p < 01. In focused 
ttention, there were more omissions when 
e target was preceded by an animal name 
n the irrelevant ear than when it was not, 
(35) = 2.55, p< 05 There were no 
ignificant differences between conditions 
in the incidence of errors of identification or 


E 
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false alarms. All such errors »»2ceded the — 


occurrence of an animal nai in either 
series. There was no signifi: effect of 
the ear to which the target w resented. 

The mean reaction time c rrect re- 
sponses was 605 msec. (SD - msec.) in 
focused attention, and 741 ms: D = 85 
msec.) in divided attention, / \. = 11.89, 
p « .001. All but 2 of the had a 
longer RT in divided attenti: In the 
focused attention condition, m RT was 
597 msec. when the target was p ded by 
an animal name on the irrelev: r, and 
616 msec. when the target w: e first 
animal name to appear in eith: ssage, 
12 1.99, ns. Additional analys licated 
that mean RT did not vary wit! serial 
position of the target in the lis that 
there was no significant differen: ween 
latencies of response to targets uted 
to the right or to the left ear. 

Figure 1 presents the mean | ige 
of RT's falling in successive i: ls of 
50 msec. above and below the n: F of 
each S in the conditions of foc: ind 
divided attention. The two dist: "ns 
are quite similar, although the disi ion 
of RTs for divided attention i itly 
more variable and more skewed thon the 


distribution of RTs under focused 
tion. The greater variability of «i in 
divided attention is a consistent «sult: 
The mean standard deviation within the 
data of individual Ss was 186 msec. in this 
condition, which compares to 14^ nsec. 


for focused attention, ¢ (35) 3.121 
p «.01. $ 
As indicated in the introduction, the 


critical test between filter theory and effort 
theory involves the frequency of very fast 
reactions in divided attention. The close 
similarity of the distributions in Figure 1 
(after adjustment for a mean difference of 
136 msec.) indicates that there is very little 
overlap between unadjusted distributions 
in the range of fast RTs. Detailed analysis 
of individual distributions confirms this 
impression. For each individual, we com- 
puted the percentage of responses in divided 
attention that fell within the range defined 
by the three fastest responses in focused 
attention. On the average, this range con- 


Ficure 1. Distribution of 
individual means under the two ex 


ed 14% of the RT distribution in 
sed attention, but only 3.4% of the 


fo 

R? distribution in divided attention. For 

2: of 36 Ss, there were no responses in 
fast as any 


divided attention that were as 
the three fastest responses in focuse 

aiention. In addition, we compared the 
means of the three fastest responses in the 
two conditions. The difference between 
the means was 121 msec., which is almost 
as large as the difference between the means 


of the total distributions. 
Group 2. The error rates for this group 


are shown in Table 1. Five of the eight 
Ss made more errors in focused attention 
than in the single-message condition, one 
made more errors in the single-message 


condition, and two made the same number 
The mean 


of errors in both conditions. 
correct reaction time in both conditions 


was 480 msec., and the standard deviations 
were 58 msec. in the focused attention con- 
dition and 45 msec. in the single-message 
condition. We have found no explanation 
for the difference between Groups 1 and 2 
in their RT with focused attention. The 
two groups were run at different times, but 
the experimental conditions were similar. 


latencies of correct 


responses, adjusted to the 
perimental conditions in Group 1. 


DISCUSSION 


The pattern of errors in both Groups 1 and 2 
suggests that a relevant item is sometimes 
detected even when it appears in the rejected | 
message in focused attention: An animal name 
in that message elicited a response on 3% of 
trials and prevented the response to a sub- 
sequent relevant target on perhaps 496-695 of © 
trials. When a target did elicit a correct 
response, however, that response was unde- - 
layed: Neither the presence of an irrelevant — 
message nor the occurrence of an animal name ^ 
on that message 


had a significant effect on RT. 
Thus, focusing attention was € 


ffective but not 
erfect in the presen 


E 
a 


t experiment. 
The critical results of this study were ob- 
tained in the condition of divided attention. 
These results are not compatible with filter — 
theory or with a theory which assumes that 
the processing of concurrent inputs occ! i 
arallel and without interference (Keele, 
According to filter theory, an alert listener 
can be in one of four states when a targe 


word arrives, say, On his right ear: he may b 


attending to the right ear or to the left ear, OT. .— 


he may be in transit from one channel to the 
other. The probability of detecting the target 
and the reaction time to a detected target will | 
both vary, depending on the listener's state — 


when the target is presented. 


- It is possible to derive precise predictions 
om filter theory if we make the simplifying 
assumption that the time required to switch 
between channels is negligible, relative to the 
dwell time on each channel. If S is always 
attending to one of the two channels, the 
probability that he is attending to the correct 
channel when the target is presented is .50. 
_ The error data for focused attention show that 
the probability of responding to a target on an 
attended channel is .96. Since the omission 
|. rate in divided attention is .23, it follows that 

the probability of responding to a target on 
an unattended channel is 2(.77 — .50 X .96), 
or .58. It follows that 62%—or .96/(.96 + 
^ 458)—of all the responses made in divided 

attention represent cases in which the correct 
hannel was attended at the critical time. 
Since this class of responses is undistinguish- 
able from the responses made in focused atten- 
tion, the probability of a fast response in 
divided attention should be at least .62 times 
as high as the probability of an equally fast 
esponse in focused attention. In fact, as was 
shown earlier, the ratio of the probabilities of 
last responses in the two conditions is much 
lower. When the responses in divided atten- 
— tion were compared to the three fastest re- 


ratio was 3.4/14.0, or .24. 

The ratio predicted from filter theory will 
be lower if it is assumed that Switching time is 
. mot negligible when compared to dwell time. 
us On this assumption, the listener can be in any 
. one of four states at the critical time, and his 
. response in three of these states will be slower 
han when he attends to the correct channel. 
: To generate. the observed results, however, 


Emi He ge tetur 
. detected on a channel. This theory Talle 3 
_ predict the major difference in RT between 
: the conditions of focused and divided attention 
Which was observed in our results. 
The different RT observed in focused and 
in divided attention also poses a difficulty for 
theories which assert that Simultaneous in- 


puts can be analyzed in perception without 
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sponses in focused attention, the observed - 


interference (Deutsch & Deu: 
1973; Norman, 1968; Posne 
In the present experiment 
divided attention was clea: 
than the condition of focused 
the response requirements « 
tions are precisely the same 
divided attention must arise 
of processing, e.g., perceptual . 
retrieval, or decision. 

The conclusion that inte: 
these early stages of processi 
with a view of attention as a c 


1963; Keele, 
Boies, 1971); 
condition of 


two condi- 
difficulty in 
'arlier stage 
sis, memory 


istent 
lity which 


is available in limited quantity which can 
be allocated with considerab! lity to a 
single activity or to several act in paral- 
lel, if this is required by the ta ahneman, 
1973). In this view, the alloc: of atten- 
tion to some stimuli in prefc^ to others - 
increases the likelihood that t) imuli will 
activate corresponding units i ory and 
will be recognized. Only "spo: pacity is 
allocated to stimuli that are d: ed as ir- 
relevant, and the likelihood th ı stimuli 
will activate recognition units i respond- 
ingly reduced. When a significa n on the 


irrelevant message is neverthele 
attention is drawn to it, and t 
of the relevant message suffers. 


tion of divided attention, se. listinet 
stimuli are attended at once, a: | suffer 
from the competition for the limit pacity. 
The results of the present stud) t the 
conclusion that parallel processi f con- 
current speech inputs is neither i: ible, as 
suggested by some theories, nor co;ipulsory 


and effortless, as suggested by othe: 
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structions. 


- A considerable body of evidence indi- 
cates that elaborative encoding instruc- 
‘tions strongly facilitate paired-associate 
learning. "Those Ss instructed to make up 
interactive images or sentences are gen- 
ally able to recall many more items than 
s either left to their own mnemonic 
evices (standard) or simply instructed to 
repeat the pairs in a rote manner (Bower, 
1972; Paivio, 1971; Rohwer, 1973). How- 
ver, since interest has centered primarily 
cued recall, there have been few empiri- 
cal analyses of relationships between elabo- 
rative encoding instructions and acknowl- 
» edged paired-associate subtasks. This ne- 
glect is particularly striking in view of the 
'ecent concern with stimulus encoding and 
ponse processes in paired-associate learn- 
g, especially with the relationship be- 
een stimulus recognition and associative 
learning (Ellis, 1973; Martin, 1968). Thus, 
1e purpose of the present study was to 
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COMPONENT ANALYSIS OF THE ELABORATIVE ENC’ ING 
“EFFECT IN PAIRED-ASSOCIATE LEARNING: 


FRANK N. DEMPSTER? ann WILLIAM D. ROHWER, Jr. 
University of California, Berkeley 


Three experiments investigated the effect of elaborative encoding instruction- 
on three components of paired-associate performance: stimulus recognition 
response learning, and associative learning. Sixth-grade children were giv« 
noun pair lists to learn using one of two kinds of elaboration instructions 
(interactive imagery or sentence) or using separate imagery, standard, or repe 
tition instructions. The results showed that the major effect of elaboratio:: 
instructions occurred on the associative measures. Contrary to a previous 
report, however, stimulus recognition was also enhanced by elaboration in- 
Moreover, the effect appears to be more compatible with a: 
encoding interpretation than one that emphasizes the role of associative cucs 
at the time of recognition testing. Finally, response learning as measured by 
equating response availability and by free response recall was little affected 
and only by interactive imagery instructions. 


learning. 


determine the effects of elabora 
ing instructions on three comp: 
paired-associate performance: sti 
ognition, response learning, and 


Prior to paired-associate reci! 
first identify the nominal stimu!: 
that was presented earlier (Gos:, 
Martin, 1967). Moreover, the (uicti 
properties of the stimulus as coded, 
permit recognition, should also b 
portant determinant of paired-assoc 
success. The greater the distinctiveness 
the code (Saltz, 1963) or the more reliably 
that same code is elicited, both on the 
study and test trials (Martin, 1* the 
less the interference that might be expected 3 
and the better the associative performance. ^ 

In a previous experiment using adult Ss, 
imagery elaboration instructions were re- 
ported not to be a factor in stimulus rec- - 
ognition (Bower, 1970). The results of 
this study, however, are open to an alterna- — 
tive interpretation. When data from per- : 
formance on three successive lists were 
pooled, the results showed no significant ^ 
differences between imagery and repetition 
instructions. Because first-list experience — 
may haye affected second- and third-list 
performance, and because of a possible 
ceiling problem on the latter lists, how- 1 
ever, pooling may have obscured experi- 
mental effects. To test this hypothesis, 


Lst 1 results were analyzed separately.* 
A» expected, imagery instructions were 
r lably superior to repetition instructions 
i dentifying old stimuli, F (1, 18) = 9.85, 
p < 01 (the means were 25.3 and 22.3). 

Che role of response learning in the ac- 
quisition of meaningful paired associates 
hos received little attention, primarily be- 

c use meaningful responses are well-learned 

words. Even so, some response learning is 

r quired in the sense that S must learn 
E ch of many possible words have been 
pu ed in the experiment and make them 
a ailable in his immediate repertoire. Ac- 
pe rdingly, when cued recall is the index 
o! learning, the superiority of elaborative 
e: coding instructions may be due to their 
elect on response availability rather than 
o: the formation of associations per se. In 
a: earlier study, response availability was 
e uated by a multiple-choice recognition 
{st of paired-associate learning (Bower & 
V./nzenz, 1970). Unfortunately, a ceiling 
poblem may have contributed to the lack 
- o' significant variance between groups given 
- interactive-imagery, sentence, or repetition 
instructions. 

The major purpose of the present study, 
therefore, was to investigate more fully the 
eect of two kinds of elaborative encoding 
instructions, interactive imagery and sen- 
tence, upon stimulus recognition, response 
lcarning, and associative learning. Sixth- 
«rade childern were sampled on the premise 
that it should be easier to gain control over 
their mnemonic strategies since they are 
less likely than adults to have well-estab- 
liched habits of their own. 


EXPERIMENT | 


Mei/:od 


Design, The Ss were randomly assigned to 1 of 16 
treatment conditions (4 Encoding Instructions X 2 
Set Formats X 2 Response Methods). Each S was 
presented with 36 concrete noun pairs for one study 
trial after receiving encoding instructions to relate 
the members of each pair by either: (a) forming à 
vivid intcractive visual image (imagery), (b) form- 


4 The authors wish to thank Gordon H. Bower for 
making his data available to them. Unfortunately 
the false-alarm rates and confidence judgments could 
no longer be obtained. 


ing a relational sentence (sentence), (c) usin, : E 
; g any —— 

method or methods that come to mind (standard), 

or (d) repeating them in a rote manner (repetition). 

Within each condition, Ss were asked to rehearse 


each pair covertly. For example, in the imagery 
condition once the image was formed, S was to 
rehearse that image in the time remaining before ——— 
the next pair appeared. This was done in an at- ; 
tempt to gain added control over S's mnemonic " 
activity. 

Half of the Ss in each encoding condition were 
given a symmetrical learning set, and half an asym- z 
metrical set. In the symmetrical set, Ss were in- 


that they could later remember either item when 
presented with the other, The Ss in the asym- 
metrical set were told to associate the pair so that 
they could remember the rightmost item (response) 
when given the leftmost (stimulus) item. Set was 
manipulated because it has varied from study to 
study in previous research. 

The testing phase consisted of the presentation 
of 36 study trial stimuli interwoven with 36 dis — 
tractor stimuli. For each item, S first made a ‘ 
recognition response and then an associative re» - 
sponse if possible, Half of the 5s were tested for — 
associative learning by a cued recall method and 
half by a cued multiple-choice method. E 

Materials, All words used in the experiment were — 
concrete nouns common enough to be readily famil — — 
iar to sixth-grade children, Most words were taken 
from published norms (Paivio, Yuille, & Madigan, 
1968) while others were selected on the basis of 
their judged (by the authors and colleagues) appro- 
priateness, Obvious semantic and formal relation- 
ships among words were strictly avoided, A 
Carousel projector paced by à Wollensak audio 
cassette was used to project the word slides onto a 
large screen. 

Booklets were provided for each S in which to 
record responses. There were two types of booklets, — 
One contained alternately a stimulus recognition — 
page followed by a recall page and the other cons — — 
tained alternately a stimulus recognition followed 
by a multiple-choice page. In the center of the — 
recognition page was either an “old” study trial 
stimulus or a "new" distractor stimulus. To the — 
left of the stimulus word were the words yes, did see 
it and no, did not see it. Each of these phrases, 
which were arranged horizontally, was preceded by — — 
a space enclosed by brackets. On the right hand — 
side of each recognition page was à confidence scale ~~ 
ranging over the values 1 (sure no), 2 (think no), — 
3 (don't know), 4 (think yes), and 5 (sure yes). 

Each recall page consisted of a study trial stimulus 


or distractor word followed by à blank, The mul- 
ined the same stimulus or = 


tiple-choice pages contai s 
distractor words followed by 6 study trial response 3 
words arranged in à vertical alignment. For each 3 S 
page with a study trial stimulus, 5 of the response — 
words were incorrect alternatives and 1 was the E. 
In the case of pages con- - 1 


correct stimulus match. s 
there was obviously nO 


taining distractor words, 


pm 
ere 


= 
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FIGURE 1. 


"correct match. Every booklet of the multiple- 
$ oice type contained the same 72 randomly drawn 
iponse pools with the sole restriction that each of 
e 36 study trial responses appear 12 times and 
cupy each of the 6 possible positions equally often. 
(twice), The sequential order of the booklet pages 
was the same for all Ss. 
2 Procedure, The majority of the Ss (all but eight) 
"were Tun in groups of six, although some testing 
-was in groups of two in order to complete cells that 
e affected by booklet failure or failure to follow 
- directions, During the experiment, Ss were seated 
side by side at tables separated by cardboard 
dividers. 
o begin with, Ss were informed that they would 
see 36 word pairs on the screen at a rate of 10 
/pair. It was carefully explained what consti- 
^t ted a pair and that one member would always 
_ occupy the leftmost position (stimulus) and the 
other the rightmost (response) position. Depending 
- upon the experimental condition to which they had 
en assigned, groups were given one of the set 
mats—either symmetry or asymmetry. Aside 
)m set information, the nature of the test trial 
ocedure was not described until the completion of 
ie study trial. 
3 Next, Ss were given one of four types of encoding 
. Instructions and two example pairs were given 
orally to illustrate the strategy to be used. In the 
standard conditions, Ss were told to use the examples 
to generate a strategy for themselves. It was em- 
phasized to Ss in the other conditions that they 
should use only the instructed method. 
An 8-min. delay interval following the study trial 


. each. For each item, Ss had 8 sec. to indicate 

whether they recognized the word and to rate their 
confidence in this judgment. The Ss then heard 
the command, “Turn,” pretaped in a female voice. 
as a signal for turning one booklet page to expose 


Encoding Instructions 
9-:—. Imagery 

== Sentence 
A—— Stondord 
eem] Repetition 


00 


Memory operating curves as a function of encoding 
instructions and response method. 


2 4 6 


8 1,0 
P(soy old/new item) 


B Multiple- Choice Method 


the appropriate association page. It essed 
beforehand that even though they m: have 
recognized the stimulus word, they wer: mpt 
to complete the association page. Afte the 
command, “Turn,” signaled Ss to turn vext 
(recognition) page. Simultaneously, « test 
word appeared on the screen, beginnii ycle 
again. The cycle was repeated 72 times 

Subjects. The were 96 sixth-gr: 
attending schools servicing an uppe 
neighborhood in Orinda, California. 
randomly assigned individually to the ent 
conditions and then to the groups, princi f 6, 
in which they were run. Eight additional > ially 
participated in the experiment, but wer: re- 
tained either because of booklet failure or re to 
follow directions. Two of the Ss elimi i for 
booklet failure were from an imagery gr id 4 
were from a standard group. The 2 elimins:ou be- 
cause of failure to follow directions were im. «y 58. 


Iren 
m lass 
vere 


Results and Discussion 


The stimulus recognition and associative 
learning results are reported under separate 
headings. The principal analysis oí var- 
iance design applied to these data was a 
three-way factorial with set and instruc- 
tions nested within response method. Al- 
pha was set at .025 since it was of interest 
to assess all possible pair-wise comparisons 
among levels of instruction. The compart- 
sons that were most critical to the hypothe- 
ses throughout the entire study were be- 
tween imagery and sentence instructions 
on the one hand and repetition instructions 
on the other, since the latter was designed 
to prevent the use of elaborative encoding. 


cumulati 
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Stimulus recognition. 
operatin 
tion o! 
condit 
curves vy 


Type 2 memory 
curves (Banks, 1970) as a func- 
ncoding condition and response 

u are presented in Figure 1. These 

ere constructed by plotting the 

e proportions of old and new 

-d in each category of confidence 

: yes (leftmost point) to sure no 
The hit (responding yes to an 

rate is plotted on the ordinate and 

alarm (responding yes to a new 
on the abscissa. Since the posi- 
mal represents chance perform- 
criminating between old and new 
ure 1 indicates that performance 
or the elaboration conditions. 


items : 
from 
(1.0, 
old iten 
the fals 
item) : 
tive d 
ance i 


was b: 


The sults were analyzed using hit — 
false- ; rates and d’, a measure devel- 
oped in the framework of signal de- 
tecti: cory. But since these measures 
yield« ilar effects and since the data 

P are re bly well described by the bowed- 
shape es predicted from signal detec- 
tion t , only analysis on the d^ measure 
will b rted. The points at which each 
curve cepts the negative diagonal (the 
point hich the sum of the ordinate and 
absci ; unity) were used to determine 


the vaines for d', presented separately by 
resp.::se method in Table 1. The d’ meas- 
ure is defined as the mean familiarity dif- 
ference between the distribution of old and 
new items and, when applied to memory, 
is considered to be a relatively pure indica- 
tor of memory strength unbiased by S's 
Hr lecision criterion. The values 
c i are based on group rather than 
| data, since a large number of Ss 
“fect hit rates or perfect false-alarm 

‘fortunately, d' is not defined 
values. Accordingly, the data 
zed using a chi-square procedure 
, 1970): For the cued recall 
ill pair-wise instructions con- 
trasts, except that between the sentence 
and standard conditions, were significant. 
"For the multiple-choice sequence, all but 
lie imagery-sentence and standard-repe- 
on contrasts were significant. 


1 
inc 
had 
rates 


“The ns used in the signal detection analysis were 
number of Ss/group times the number of study 
Or distractor stimuli. 
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TABLE 1 


STIMULUS RECOGNITION MEMORY AS A FUNCTION 
OF ENCODING INSTRUCTIONS AND RESPONSE 


METHOD 
ATE x fe F: Hits — 
Encoding instructions | Hits | False. dae | d 
Cued recall n 
Imagery 31.08 | 4.75 | 26.33 | 2,26 — 
Sentence 2925| 7.42 | 21.83 | 1.76 — 
Standard 26.42 | 6.58 | 19.83 | 148  — 
Repetition 23.25 | 10.67 | 12.58 | 88 
Multiple choice i 
Imagery 28.75 | 2.42 | 26.33 | 2.08 — 
Sentence 30.83 | 9.17 | 21.67 | 1.76 7 
Standard 26.33 | 10.00 | 16.33 | 1.22 
Repetition 26.58 | 10.50 | 16.08 | 1.22 
MS^ 14.29 | 35.62 | 50.87 
adj = 80. 


The results of the d’ analysis together - 
with Figure 1 provide clear evidence that 3 
elaborative encoding instructions facilitate 
performance in stimulus recognition. Over- 
all, Ss given imagery instructions were most 
successful and Ss given repetition instruc- 
tions were least successful in achieving a — 
high rate of hits without sacrificing accu- 
racy in distractor detection. Furthermore, - 
the magnitude of the differences between . 
the elaboration groups and the repetition — 
group was greatest in cued recall, the | 
procedure most commonly used to assess | 
paired-associate performance. i 

No main effect or interaction of set with 
the instructions conditions on recognition 
was significant. 

Associative learning. The principal meas- 
ures of associative learning were the total 
number correct and the conditional prob- 
ability of correct associations given hits. 
The conditionalized values were subjected — 
to an arc sine transformation prior to analy- 
sis of variance. The means of the raw scores — 
are entered in Table 2 as a function of en- - 
coding conditions and response method. 

For cued recall, all ordered pair-wise - 
comparisons except sentence Vs. standard, | 

F (1, 80) = 3.52, were significant. These 
include the critical contrasts between the. 
elaboration instructions and repetition in- 
structions: imagery vs. repetition, F (t 
80) — 44.97, and sentence vs. repetition, F 
(1,80) — 18.68. The contrasts of imagery 


TABLE 2 


— ASSOCIATIVE PERFORMANCE AS A FUNCTION OF EN- 
by CODING INSTRUCTIONS AND RESFONSE 


METHOD 
Encoding in- Number Proportion | Conditional 
structions correct correct correct. 
K a pin 20.92 58 67 
mage! D s 
Sonane 14.67 ES 49 
Standard 9.75 27 34 
Repetition 3.33 .09 AS 
ultiple choice 
- Imagery 21.33 -16 89 
Sentence 28.75 .80 .90 
Standard 18.17 .50 .66 
Repetition 14.83 ES 53 
MS 41.25 .03 04 
a 
df = 80. 


ry vs. sentence, F (1, 80) = 5.68, were 
so significant. When recall was condi- 
onalized on hits, however, the latter dif- 
erence was no longer reliable, F (1, 80) = 
69. This can be accounted for by supe- 
rior stimulus recognition by imagery Ss. 
Because of the relatively higher hit rate for 
e standard condition, the standard vs. 


— $.52. Otherwise, relative per- 
lormance was not appreciably affected by 
-. the conditionalized measure. 


1 


Con- 
2 ng iple-choice performance 
n hits did not significantly alter these 
findings. 
As in recognition performance, no main 
effect or significant interaction of set 
with instructions was found in associative 
learning. 

Taken together, the results indicate a 
large and reliable effect of elaboration en- 
coding instructions, Particularly imagery 
instructions, on associative learning, an ef- 
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fect which persists on the co: '‘tionalized 
measure. The implication tha: ‘he effects 
of elaborative instructions on .ssociative 
performance cannot be accow | for by 


their effects on hits is rein! 
fact that when correct ass 


| by the 
ions are 


conditionalized upon hits wi ertainty 
(5), only one other contrast, : nce vs. 
standard, fails to reach significo» e, F (1, 
80) = 5.01, and that by a margi nount. 
To what extent associative per! nce is 
related to stimulus discrimina liffer- 
ences, as indexed by d', canno iscer- 
tained because d’ was undefine: indi- 
viduals or single items, 

Another implication that aris: n the 
associative learning data, speci! the 
multiple-choice results, is thai ;onse 
availability was not differential!: ected 
by encoding instructions. Howe. lose 
inspection of Table 2 indicates the 
difference in the level of perfor: be- 


tween cued recall and multiple e is 
least impressive for the imagery c 
When compared to a substantia! 
for sentence and repetition inst: 
this suggests that imagery may inc: 
availability of responses relative to ‘ 
encoding. This possibility was ev: 
in Experiment II. 


EXPERIMENT II 


In this experiment a traditional free-re- 
call method (Underwood, Runquist, & 
Schulz, 1959), slightly modified to iit the 
purposes of the present study, was used to 
index response availability. If imagery 
does facilitate the availability of response 
nouns, as suggested by Experiment I, free 
response recall should be enhanced. Set 
was again manipulated, as it was of interest 
to assess its effects under the present 
conditions. 


Method 


Design. Forty-eight Ss were randomly assigned 
to the same encoding conditions described in Ex 
periment I, with half of the Ss in each group given 
a symmetrical set and half an asymmetrical set- 
For all, a single study trial was followed by free 
response recall. The study trial was paced at 4 
10-sec. rate, while a total of 3 min. was permitt 
for free recall. 

Materials and procedure. The study list was iden- 
tical in all respects to the one used in Experiment I. 


Following the study trial, which was administered 
in the same manner as in the previous experiment, 
there was an 8-min, delay interval. This ensured 
comparability with the temporal course of the first 
experiment. During the final 3 min. of the delay 
interval, Ss were given free-recall instructions and 
blank paper. They were informed that they would 
be given 3 min. to write down all the rightmost 
(response) words from the study list that they could. 
If in doubt as to whether a word was from the 
right side of the pair or from the left, they were 
instructed to include it anyway. 

Subjects. The Ss were 48 sixth-grade children 
from a different school than that used in Experiment 
I but servicing the same upper-middle-class popula- 
tion in Orinda, California. They were randomly 
assigned individually to the conditions and run in 
groups of 6. 


Results and Discussion 


The mean values for free recall are en- 
tered in Table 3. The contrasts used to 
assess the effects of instructions and set 
were the same as in the previous experi- 
ment, with alpha again set at .025. Al- 
though imagery instructions were associ- 
ated with the highest level of recall, only 
the imagery vs. standard effect was reliable, 
F (1, 40) 5.88. The facilitation that 
occurs with imagery instructions, however, 
is clearly of insufficient magnitude to have 
been responsible for the imagery effects in 
tests of cued recall. Furthermore, the fail- 
ure of the imagery vs. sentence and imagery 
vs. repetition differences to reach signifi- 
cance offers little support for the hypothesis 
that imagery instructions enhance the 
availability of response nouns relative to its 

verbal” counterparts. 

Although there was no main effect of set, 
in. gery performance was considerably bet- 
ter under asymmetrical conditions (the 
means were 8.50 and 3.17). This resulted 
in an interaction of set with two instruc- 
tions contrasts, imagery vs. sentences, F 
(1, 40) = 6.67, and imagery Vs. standard, 
F (1, 40) = 9.31. The latter F is especially 
large since Ss given standard instructions 
- performed best under symmetrical condi- 
tions. The principal source of the interac- 
"tions was revealed by subsequent analysis, 
"Which showed a simple main effect of 
Set with imagery instructions, F (1, 40) 
= 12.55. Thus, it appears as though the 
effect of imagery instructions in free recall 

enhanced by the asymmetrical set. 
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TABLE 3 


FREE RECALL PERFORMANCE AS A FUNCTION OF 
ENCODING INSTRUCTIONS 


Encoding instructions Free recall 
Imagery 5.83 
Sentence 4.08 
Standard 3.34 
Repetition 4.41 

MS¢. 6.80 
adf = 40. ES 


EXPERIMENT III 


While an effect of instructions on stim- 
ulus recognition was observed in Experi- 
ment I, a serious problem of interpretation 
remains unresolved. It is possible that S's 
response to a stimulus is determined by 
whether or not he has learned an associa- 
tion between it and a response. Thus, 
recognition differences may be a function 
of associative-dependent recall cues oper- 
ating at the time of recognition testing 
rather than of events occurring during 
initial encoding. 

To appraise the plausibility of this hy- — 
pothesis, two provisions were made in Ex- - 
periment III to reduce the influence of 
associative cues at the time of recognition E 
testing. One wasa procedural change that 
separated the recognition from the recall — 
trials. That is, instead of interweaving 
recognition with recall, the two were as- - 
sessed in successive test trials and Ss were 
not informed about recall until recognition 
was completed. S 

The more significant departure from Ex- 
periment I, however, was the addition of a 
noninteractive imagery instructions condi- 
tion (separate imagery). Bower (1970, - 
1972) found associative learning to be no - 
better for this condition than for repetition. 
instructions. lf separate imagery instruc- 
tions enhance recognition but not recall, 
this will argue against the notion that the 
presence of intact associations is necessary — 
for stimulus recognition. 

Unfortunately, Bower's (1970) results in s 
this regard, even when first-list performance 
is analyzed separately, are not conclusive. 
Separate imagery Ss recognized more old. | 


stimuli (X — 23.4) than Ss given repetition - 
instructions. (X — 


22.8) and less than | 
Ss given interactive ima 


ee PIRE 


gery instructions | 


Encoding Instructions. 


Interactive Imagery 
O Sentence 

X=— Seporate Imagery 
Ves» Repetition 


2 4 6 


3 4 8 
P (say old/new item) 


10 


Memory operating curves as a function 
of encoding instructions. 


X — 25.3). However, since neither of 
ese differences was significant and since 
formation about false-alarm rates is not 
ailable, the outcome is difficult to inter- 
pret. Accordingly, the present experiment 
= was designed to clarify this issue. 


Design. Forty-eight Ss were randomly assigned 
o one of four instruction conditions. The condi- 
tions were the same as those described previously, 
ept for the deletion of standard instructions and 
he addition of a separate imagery group in which 
5 were instructed to form an image of the objects 
uggested by each of the pair members, one next to 
B other, and then to rehearse them as if they were 
pictures on opposite sides of the room. 
aterials and procedure. During a single study 
all Ss learned a common list of 44 familiar 
te noun pairs under asymmetrical learning 
ctions. The presentation rate was 10 sec/pair. 
ng a S-min delay interval during which 
cognition instructions Ss were pre- 
. sented 
22 uni 


oed sheet on which 
ibed (see Experi- 


As each stimulus was pr - 
"moved the top card from the hemmed aie 
- number from 1 to 6 and then deposited the card in 
a box designed for that purpose. 
. Upon completion of this phase of the experiment 
and a 3-min. period of recall instructions, all 44 
_ original study trial stimuli were presented at a 10- 
sec. rate for cued recall. The blank side of the same 
_ set of cards was used by Ss to record their responses. 
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Thus, in contrast with Experiment ! recogni- 
tion and associative test phases we: nducted 
successively rather than concurrently. 

Subjects. The 48 Ss were sixth grad: tending 
school in Orinda, California. As befo: rey were 
tested in groups of 6, 

Results and Discussion 

All analyses were performed v pha 
set at .025. As in Experiment I, nory 
operating curves were constructe: l are 
shown in Figure 2. Additional nx es of 
stimulus recognition were calcu! for 
each condition and are presented in le 4. 
Statistical analyses were perío: on 
hits — false alarms and d', but si: oth 
measures yielded the same resul nly 
those for d’ will be reported. 

Four measures of associative perfoi nce 
are entered in Table 5. Besides th 'an 
number of responses correctly r od, 
there are three measures of partial all 
for those responses paired with stim at 
had appeared in the recognition tes \s 
in Experiment I, therefore, the condi il 
measure reflects the probability of il 
given a correct recognition. Since : se 


measures revealed the same effects, iy 
analyses on partial correct are preser d. 

As Figure 2 and Table 4 indicate, el ` v- 
rative instructions resulted in a higher l 
of recognition performance than the rep- i- 
tion condition. Using the procedure ce 
scribed by Marascuilo (1970) to make pir- 
wise comparisons, these differences were 
found to be statistically reliable. 

With regard to these same conditions, as- 
sociative recall paralleled stimulus recogni- 
tion performance (Table 5). The difference 
between interactive imagery and repetition 
instructions was statistically significant, 


TABLE 4 


STIMULUS RECOGNITION MEMORY AS A FUNCTION 
or ENCODING INSTRUCTIONS 


2 False | Hits— 
Encodinginstructions | Hits | parma | false | d’ | 
larms | 
Interactiveimagery | 18.00 | 3.83 | 14.17 | 1.88 
Sentence 18.42 | 5.08 | 13.33 | 1.76 
Separate imagery 17.33 | 3.25 | 14.08 | 1.76 
Repetition 15.58 | 7.33 | 8.25 | .99 
MSs 6.46 | 9.67 | 61.80 


adf = 44. a 


J SOc 
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F (1. - +) = 28.94, as was the difference be- 
twec ntence and repetition instructions, 
F (1. 4)- 26.40. 

T! se results replicate the major findings 
of E eriment I and increase their general- 
ity, e a different list and list length were 
usec More importantly, the recognition 
effc emerged when the influence of as- 

ve cues at the time of recognition 
tes was presumably reduced. 

trary to the results of the cued recall 5 
po on of Experiment I, the differences 
be cen interactive imagery and sentence 
in ctions were small and not significant, 
be when d’ was analyzed and when partial 
re il scores were compared, F (1, 44) <1. 
T failure to detect an imagery-sentence 


di erence in stimulus recognition and cued 
re ll is consistent with as yet unpublished 
d: a collected by the authors. Thus, it 
s as that the preferable conclusion to 
d w is that there are no appreciable 
d rences in the effects of elaboration 
i tructions. 

)f particular interest are the results for 
t © separate imagery condition, indicating 
{ cilitation of stimulus recognition but not 
c recall. With regard to stimulus recogni- 
ton, Ss in this condition performed as well 
as Ss given elaboration instructions and 
ignificantly better than Ss given repetition 
nstructions. In contrast, the partial recall 
scores in the separate imagery condition 
significantly different from those 
on condition, F (1, 44) <1, 
than for Ss given 
F (i, 44) = 
F (1,44) = 


were not 

in the repetiti 
and were reliably poorer 
either interactive imagery, 
24.57, or sentence instructions 
22.23. 

Overall, the separate imagery data indi- 
cate that elaboration instructions per se are 
not the source of the recognition effect. 
Moreover, they suggest that the locus of the 
elaborative effect on stimulus recognition 
is at the time of encoding rather than at 
the time of testing. 


SuMMARY AND GENERAL DISCUSSION 


To summarize the results of the three ex- 


periments, it is noted that, consistent with 
previous studies (cf. Bower, 1972; Paivio, 
1971; Rohwer, 1973), cued recall performance 
was substantially facilitated by elaborative 
encoding instructions. This effect persisted 


TABLE 5 


ASSOCIATIVE PERFORMANCE AS A FUNCTION OF 
ENCODING INSTRUCTIONS 2 


Num- | Par- | Propor-| Condi- 


Encoding instructions ber tial tion | tional - 
correct | correct correct | correct | 

Interactive imagery | 18.92 | 9.25 EVI 56 
Sentence. 17:17 | 8.92 | .4 oy 
Separate imagery 4.92] 2.42] 1 16 
Repetition 3.12 | 1.83} .08 | .12 

MS 39.93 | 1140 | .02 | .03. 

adf = 44. i 


both when response availability was equated 
by a multiple-choice method of testing and 
when performance was conditionalized on hits : 
or hits with certainty. Second, elaboration — 
and separate imagery instructions were found 
to be a significant factor in recognition mem- 
ory, producing more hits and fewer false n. 
alarms than either standard or repetition in- f; 
structions, Third, the free response recall 
data in conjunction with a comparison be- p 
tween cued recall and multiple-choice perform- 5 
ance suggest a small facilitative effect of 
imagery instructions on response learning. 
Finally, set had an inconsistent and generally 
unreliable effect on performance. Taken to- 
gether, these findings indicate that in paired- 
associate learning, elaborative instructions have 
the greatest effect on the associative compo- 
nent, a significant but less impressive effect 
on the stimulus recognition component, and | 
no general effect on the response learning 
component. 

Four comments are in order with regard to 
the pronounced effect of encoding instructions — 
on stimulus recognition. First, in agreement .— 
with data from previous studies (Ellis & - 
Shumate, 1973; Wicker, 1970), it was not 
necessary for the response to be accessible - 
during recognition in order for stimulus recog- 
nition to be facilitated. Thus, the present - 
results seem more compatible with an encoding Y 
interpretation than one that emphasizes the ~ 
importance of the associated response as ac 
retrieval cue. ^ 

Second, the recognition findings do not | 
“conceptual coding hypothesis,” 
of the conditions under which - 
ted (Ellis, 1973). — 


stimulus encoding is facilita! 

This view strongly implies that instructions - 
likely to facilitate linkage between two units — 
willexert little effect except on "ámpoverished,' 1 
“fractionated,” 


or otherwise difficult to encode - 
stimuli. As the present results show, even À 
highly meaningful nouns can be substantially 
affected by appropriate encoding instructions: 


support the 
an account 


Encoding Instructions 
@—-— Interactive Imagery 
=== Sentence 

X——— Separate Imagery 
v * Repetition 


2 4 


E 6 8 
P (say old/new item) 
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of encoding instructions. 


(X = 25.3). However, since neither of 
ese differences was significant and since 
nformation about false-alarm rates is not 
ilable, the outcome is difficult to inter- 
pret. Accordingly, the present experiment 
- was designed to clarify this issue. 


A Design. Forty-eight Ss were randomly assigned 
to one of four instruction conditions. The condi- 
_ tions were the same as those described previously, 
_ except for the deletion of standard instructions and 
e addition of a separate imagery group in which 
i were instructed to form an image of the objects 

ested by each of the pair members, one next to 
other, and then to rehearse them as if they were 
9 pictures on opposite sides of the room. 


the top 
number from 1 to 6 and then deposited the card in 
à box designed for that purpose. 

Upon completion of this phase of the experiment 
and a 3-min. period of recall instructions, all 44 
original study trial stimuli were presented at a 10- 
sec. rate for cued recall. The blank side of. the same 
set of cards was used by .Ss to record their responses. 


Thus, in contrast with Experime::: 


he recogni- 
tion and associative test phases v onducted 
successively rather than concurrently 

Subjects. The 48 Ss were sixth gra attending 
school in Orinda, California. As b: rey were 
tested in groups of 6. 

Results and Discussion 

All analyses were performed alpha 
set at .025. As in Experiment mory 
operating curves were construct: d are 
shown in Figure 2. Additional n “es of 
stimulus: recognition were calci | for 
each condition and are presented i: lle 4. 
Statistical analyses were perío | on 
hits — false alarms and d’, but si: oth 
measures yielded the same res: nly 
those for d’ will be reported. 

Four measures of associative per! mce 
are entered in Table 5. Besides t! ean 
number of responses correctly : jed, 
there are three measures of parti all 
for those responses paired with stim: vat 


had appeared in the recognition t« \s 


in Experiment I, therefore, the conc ial 
measure reflects the probability o! all 
given a correct recognition. Sinc: se 
measures revealed the same effects, | ly 
analyses on partial correct are prese d. 

As Figure 2 and Table 4 indicate, © 'o- 
rative instructions resulted in a higher vel 
of recognition performance than the : iz 


tion condition. Using the procedure de- 
scribed by Marascuilo (1970) to make puir- 
wise comparisons, these differences were 
found to be statistically reliable. 

With regard to these same conditions, as 
sociative recall paralleled stimulus rec 
tion performance (Table 5). The difference 
between interactive imagery and repetition 
instructions was statistically significant, 


TABLE 4 


StimuLus RECOGNITION MEMORY AS A FUNCTION 
OF ENCODING INSTRUCTIONS 


Hits— 
Encodinginstructions | Hits | Fale | “false | a’ 
alarms 
Interactiveimagery | 18.00 | 3.83 | 14.17 | 1.88 
Sentence 18.42 | 5.08 | 13.33 | 1.76 
Separate imagery 17.33 | 3.25 | 14.08 | 1.76 
Repetition 15.58 | 7.33 | 825| .99 
MSs 6.46 | 9.67 | 61.80 


adf = 44, 
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F (1,44) t, as was the difference be- TABLE 5 
tween set and repetition instructions, ASSOCIATIVE PERFORMANCE AS A FUNCTION oF 
F (1, 44) 40. ENCODING INSTRUCTIONS 
These 1 s replicate the major findings i 
of Exper | and increase their general- inari Pers M rM 
ity, sinc ‘erent list and list length were correct: | correct | correct | corae A 
- N importantly, the recognition ine. imagery |1892| 928 | -42 56 - 
effects « 3 m . x ntence | 1747| 892| 4 E 
Sati ed when the influence of aS- Separate imagery 492| 242| 41 | 16 e 
socia WV es at the time of recognition Repetition 3.12 | 1.83 | -08 12 
L testing presumably reduced. MS - 39,93 | 11.40 | 02 | 03 
Cont to the results of the cued recall “pys EE 
portio: Experiment I, the differences : ^ 
betwe ‘teractive imagery and sentence Mic : 
instru ns were small and not significant, both when response availability was equas 
botl Dar T 5 by a multiple-choice method of testing am 
oth | d' was analyzed and when partial i healt i 
Am E red. F (1, 44 1 when performance was conditionalized on hits 
m 4 Te were comparec, (1,44) € l- or hits with certainty. Second, elaboration 
he ire to detect an imagery-sentence and separate imagery instructions were found 
diffe e in stimulus recognition and cued to be a significant factor in recognition mem- - 
producing more hits and fewer falsi 


reca; consistent with as yet unpublished ory, 
dat: jlected by the authors. Thus, it alarms than either standard or repetition in- 
that the preferable conclusion to structions. Third, the free response recall 
appreciable data in conjunction with a comparison be- 2 
tween cued recall and multiple-choice perform- 
all facilitative effect of 


seen 
dra is that there are no 
differences in the effects of elaboration 
insi. uctions. ance suggest a sm . 
( TX í its f imagery instructions on response learning. 
particular interest are the resu ts for Finally, set had an inconsistent and generally 
the separate imagery condition, indicating unreliable effect on performance. Taken to- 
fa ilitation of stimulus recognition but not gether, these findings indicate that in paired- ` 
of recall. With regard to stimulus recogni- gente learning, elaborativeinstruetions have © 


tion, Ss in this condition performed aswell the greatest effect on the associative compo- - 
as Ss given ela nent, a significant but less impressive effect | 


poration instructions an i$ le 
significantly better than Ss given repetition ©? the stimulus recognition. component, and . 
instructions. In contrast, the partial recall °° general effect on the response learning 
scores in the separate imagery component. 


esp ; condor Four comments ar 

were not significantly different from those the pronounced effect of encoding instructions — 
in the repetition condition, F (1, 44) < 1, on stimulus recognition. First, in agreement ia 
and were reliably poorer than for Ss given with data from previous studies (Ellis & 
either interactive imagery» (1, 44) = Shumate, 1973; Wicker, 1970), it was not 
24.51, or sentence instructions F (1, 44) = to be accessible - 
22.23. 


necessary for the response 
during recognition in order for stimulus recog- 
Overall, the separate imagery data indi- : i Thus, the presen 
ion i i ts seem more compa i 
d laboration instructions per se are Tesu n 
ae thet of the esed effect. interpretation than one that emphasizes the 
not the sOUree importance of the associated response as a 


nition to be facilitated. 
ible with an encoding ^ 
st that the locus of the a ricvaL cue. 


Moreover, they suggest t í 
elaborative effect on stimulus recognition Second, the recognition findings do m 
is at the time of encoding rather than at support the “conceptual coding hypothesis 
the time of testing. an account of the conditions under which 
stimulus encoding 15 facilitated (Ellis, 1973). 
gly implies that instructio! 


p GENERAL DISCUSSION This view stron 


SUMMARY AN 
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To s he results of the three ex likely to f: y o 

ie EE aes that, consistent wit likely va jtteeffect except on impoveri s 

die o, 1912; Paivio, “fractionated,” or otherwise difficult to encod 
4 ults show, even 


periments, 
previous studies 
1971; Rohwer, 1973), cu 
was substantial i 
encoding instructions. 


stimuli. As 
ingful nouns can 2" 


highly mean x 
affected by appropriate encodi 
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Third, the present data indicate that when 
timulus is placed in some form of relation- 
ship with a response, stimulus recognition is 
nhanced, not hindered. Thus, even though 
stimulus may be encoded as part of an 
tegrated ''visual scene," it does not lose its 
entity." This is surprising in view of 
periments which have shown that recogni- 
n of part of a well-unitized pair is poorer 
than that of a less unitized pair (Horowitz & 
Tanelis, 1973) or of an individual item 
(Winograd, Karchmer, & Russell, 1971). 
Finally, by showing that the effects of inter- 
ive imagery, separate imagery, and sentence 
tructions are equivalent, the present results 
le out an explanation of recognition in terms 
unique aspects of imagery or elaboration 
structions per se. Rather, it is likely that 
he effects of instructions share a common 
roperty such as that of promoting item en- 
oding in terms of semantic attributes. These 
nits may therefore undergo a more complex 
el of semantic analysis than units learned 
der standard or repetition instructions, As 
| previous research has indicated (Elias & 
| rfetti, 1973), recognition is a function of 
W successful Ss are in processing semantic 
ittributes sufficient to discriminate between 
and new items. 
‘Turning to other matters, it is likely that 
ferential encoding underlies the ability to 
_ retrieve or match a response given the stimulus 
a5 well as stimulus recognition. However, as 
<periments I and III Suggest, these opera- 
s can be independent and probably reflect 
rent processes. The processes necessary 
associative learning may be identified as 
e that facilitate relational organization 
wer, 1972) or foster semantic sharing 
ng items that are initially disparate 
hwer, 1973). 
contrast to their facilitative effect on 
mulus recognition and associative recall, 
boration instructions did not produce a gen- 
effect on response learning. This can be 
rpreted to mean that elaboration instruc- 
tions do little to Promote the organization of 
; ponse members into readily available units. 
Why, then, the interactive imagery instruc- 
dons were a minor source of facilitation in 
‘free recall is not known. However, the fact 
that facilitation was confined to the asym- 
metrical set condition indicates that the effect 


depends on Ss knowing whi i 
g which s 
will be demanded in recall, oo 
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PRECONDITIONING THE EFFECTS OF SHOCK-CORRELATED 
REINFORCEMENT! 


JOHN G. 


CARLSON * 


University of Hawaii 


Rats learned a discrimination problem with respect to two auditory stimuli, 
Sı and S, Pressing one lever in the presence of S; was followed by food and 


a mild electric shock, and pressing a 
reinforced with food alone. A group foi 


second lever in the presence of S» was 
r which the stimuli had been paired with 


the reinforcers in an earlier phase in the same relationship, S; — food plus shock, 


S- food alone, acquired the discrimination most rapidly. 


A group for 


which the stimuli and reinforcers had been prepaired in the opposite of this 
order, that is, S; — food plus shock, S; — food alone, learned least rapidly. The 


results were interpreted in the light of 


an associative mediational theory and a 


current “distinctive cue" hypothesis of shock-correlated reinforcement effects. 


In the recent development of two-process 
heories of learning, considerable emphasis 
ias been given to mediational mechanisms 
vith stimulus rather than motivational 
properties. Apparent discriminative effects 
of anticipations based upon both qualitative 
and quantitative aspects of positive rein- 
forcers or conditions surrounding reinforce- 
ment have been obtained in related research 
in which generalized drive variables have 
been controlled in several ways (Carlson & 
Wielkiewicz, 1972; Friedman & Carlson, 
1973; Gross, 1971; Trapold, 1970). 

In parallel with these demonstrations, 
other recent studies suggest the involve- 
ment of related or common processes in 
the effects of negative reinforcers. Over- 
mier, Bull, and Trapold (1971) suggested 
that "distinctive fears" developed in their 
animals which mediated effects of quali- 
tatively distinct electric shocks in a two- 
choice avoidance task. Similar effects of 
the presence and absence of electric shock 
upon appetitive discrimination learning 
were reported by Carlson (1973). In the 
latter study, it appeared that when shock 
was correlated with food for one and not the 
other of two alternatives in a two-choice 
discrimination problem, central anticipa- 
tions of the shock contributed discrimina- 
tive stimuli to others available for the dis- 
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Carlson, Department of Psychology, University of 
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crimination and thereby facilitated the f 
rate of learning. 

The foregoing interpretation leads to the 
prediction that anticipations of electric 
shock may be conditioned to external 
stimuli independently of instrumental dis- 
crimination training. That is, prior pair- 
ings between an external stimulus and a 
shock-food combination might be expected 
to establish a qualitatively distinct anticipa- 
tion to the stimulus. If this is so, the effec- | 
tiveness of the stimulus as a discriminative 
cue for subsequent instrumental responding ; 
may be affected. The present study dealt — 
with this issue in the following way. For - 
one group of rats one stimulus, S, was cor- | 
related with food and electric shock, while — 
another stimulus, S» was correlated with — 
food alone. A second group was exposed to — 
the opposite of these pairings, i.e, S» with 
food plus shock, S; with food alone, These 
groups were then given discrimination 
training in which pressing one lever in the - 
presence of Sı was reinforced with food plus 
shock, while pressing the other lever in the 
presence of S, was reinforced with food 
alone. It was expected that the prior train- - 
ing of the first group would have preestab- 1 
lished anticipations consistent with those 
maintained by the reinforcers in the dis- 
crimination phase, while the training of the- 
second group would have preestablished - 
inconsistent (opposite) anticipations. Rates” 
of discrimination learning of these two. 
groups were determined relative to a third 
group for which the stimuli and reinforcers 
were previously randomly paired. : 
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METHOD 


subjects 
Twenty-four albino rats, 60 days old at the start 
te of the study, were maintained at 80% of free-feeding 
Eus throughout on a daily portion of Purina 
- Lab Chow. 


Apparatus 

* — Two standard Lehigh Valley operant conditioning 

— chambers were each equipped with two retractable 

_ response levers, spaced 85 mm to each side of a food 
trough. Noyes food pellets (45 mg.) were dispensed 


- tory stimulation, and each chamber was equipped 
with an electric grid floor. The chambers were 
joused in sound- and light-attenuating cubicles, 
id.ambient white noise in the experimental room 
'ompletely masked the sound of programming and 


recording equipment located in another room. 
gi 


Procedure 


Pretraining. The Ss were randomly assigned in 
equal numbers to the two chambers. Following 
laptation and magazine training, all Ss were given 
er press training on both levers, during which 
every response was reinforced with a single pellet. 
Next, the two levers were introduced to the cham- 
bers individually at varying intertrial intervals 
averaging 21 sec., timed from the preceding rein- 
forcement. A lever was retracted at the instant of 
nforcement. Each lever was inserted into a 
amber 20 times per session in a random order. 
Across eight sessions, the response requirement was 
gradually increased until the animals were emitting 
even responses for each pellet. 

_ Stimulus-reinforcer prepairings. This phase served 
hree functions. One, additional instrumental 
_ response training was provided. Two, specific 
P stimulus-reinforcer pairing configurations embedded 
E the task presumably served to establish re- 


E 


lated anticipatory responses. Three, an index of 
he effectiveness of the pairing operations was ob- 
ined through measures on the lever-pressing 
ponse. 
... Across six sessions, the response requirement was 
increased to 10 responses per reinforcement. At 
e same time, prior to the onset of each trial, 
efined by the insertion. of a response lever, either 
oximately 1,000 cps) or a click (ap- 
pps) stimulus was presented for 3 
until the delivery of reinforcement. 


nerator) at the 
o r | retraction of the 
The click terminated in food rein- 


forcement alone. For the interfer: zroup, the 
tone terminated in food alone, an click ter- 
minated in shock plus food. For the: «Jom group, 
both the tone and the click terminate shock and 
food on a random half of the trials ; o remaining 


trials, each stimulus terminated in fc ne. 


Discrimination training. In the fi se of the 
study, all of the Ss were placed o vo-choice 
discrimination problem in which t ) levers 
were inserted simultaneously on eacl: Either 
the tone or the click stimulus was pr d for 3 


sec. prior to the insertion of the respons: «. The 
first response on either lever caused : ernate 
lever to be retracted. Nine additiona! ses on 
the selected lever terminated the audit imulus 
and the trial. In addition, in the pr« of the 


tone stimulus, selection of the predetin rect" 
lever delivered the mild electric shock : od re- 
inforcement. In the presence of the clic nulus, 
the animals were reinforced for 10 resp n the 
alternate lever with food alone. Ten r es on 
the predefined “incorrect” lever termin ı trial 
without shock or food. At the end of l, an 
intertrial interval averaging 21 sec. in du | was 
timed prior to the reinsertion of the resp: vers. 
There were 20 tone and 20 click trials p» ion. 
The correct lever position was count ced 
within each of the three groups: for hal! > Ss 
the assignment was tone-right lever left 
lever, while for the remaining Ss it was left 
lever, click-right lever. 
RESULTS 

Stimulus—Reinforcer Prepairings 

During the stimulus-reinforcer pro nir- 
ings, the time that elapsed from thc ser- 
tion of a response lever to the first response 
was determined in the presence of each 


stimulus. It soon appeared that this mea- 
sure was quite insensitive to conditioned 
effects of the electric shock. Therefore, 
during the remaining 20 sessions of this 
training, a measure was taken of the time 
that elapsed from the first response to the 
tenth response, and reinforcement, on à 
lever (ratio time). In these terms, the 
effects of the shock upon the facilitation and 
interference groups were substantial and 
consistent across all sessions. Longer ratio 
times were obtained in the presence of the 
stimulus correlated with the shock than 
with the alternate stimulus. An analysis 
of variance with groups, stimuli, and ses- 
sions as factors was performed at the .05 
level of significance. This test yielded a 
highly significant stimulus effect, F (1, 14) 
= 29.78, p < .0005. A gradual improve- 
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ment in performance (increasingly shorter 
catio times) across sessions was reflected 
y a significant sessions effect, F (19, 266) 
= 4,38, p «.0005. There were no sig- 
ificant effects due to groups or to interac- 
ions among factors. Within the random 
roup, day-to-day effects of the two stimuli 
»ere inconsistent but, as with the other 
roups, a general improvement in perform- 
ince in both stimuli across sessions was 
\pparent. 


Discrimination Training 


The overall performance of the three 
roups on the discrimination problem, in 
erms of mean percentage of correct re- 
ponses in blocks of two sessions, is shown 
1 Figure 1. Following 8 to 10 sessions with 
ttle or no improvement, all groups showed 
-dual acquisition of the discrimination. 
he facilitation group appeared to learn 
ne most rapidly of the three groups across 
ie remaining sessions. The interference 
oup showed somewhat less rapid acquisi- 
on than the random group during approxi- 
iately the first half of training. An analy- 
is of variance on mean number correct 
'as performed at the .05 rejection level 
with groups, session blocks, and the 
ounterbalanced variables, chambers and 
stimuli (tone vs. click), as factors. The 

overall improvement in performance across 
sessions was reflected by a significant blocks 
effect, F (18, 216) — 64.52, p « .0005. 
The differences among the groups were re- 
flected by a significant Groups X Blocks 
interaction, F (36, 216) = 1.86, p < .005. 
A subsequent trend analysis performed on 
his interaction yielded significant linear, 
cxadratic, and cubic components, Fs 
(72, 216) = 3.13, 13.00, 5.26, respectively, 
ps < .05, .01, .01, respectively. In order 
to ‘urther partial out the sources of these 
effe ts, two additional trend analyses were 
peri xrmed, one on the interaction between 
blocis and the facilitation and random 
groups and the other on the interaction 
between blocks and the interference and 
random groups. In view of the dependence 
of these tests, the rejection level was con- 
servatively set at .O1. The differences 
between the facilitation and random groups 
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Ficure 1. Mean percentage of correct responses 
for the three groups across both response levers in 
discrimination training. 


were reflected in a significant quadratic — 
component, F (1, 144) = 8.94, p < .01, 
The somewhat retarded acquisition per- 
formance in early sessions of the interfer- 
ence group relative to the random group - 
was reflected by a significant cubic com- — 
ponent, F (1, 144) = 8.82, p < .01. All 
remaining variance components in both . 
tests were nonsignificant. 
The sources of these overall group differ- | 
ences are more clearly revealed in Figure 2, 
which shows discrimination performance on 
each lever. In all three groups a preference 
for the no-shock lever developed within the 
first 2 training sessions and persisted for 
about 10-15 sessions, resulting in a sub- 
stantial number of correct (and incorrect) 
responses on this lever. As a consequence, 
differences among the groups on this lever 
were largely obscured. However, on the 
lever correlated with the shock, following 
the early sessions in which relatively few 
responses (correct or incorrect) were - 
emitted, performance then began to im- | 
prove and a pattern of differences among — 
the groups emerged which is apparent in - 
Figure 1. 


DISCUSSION i 


The results are consistent with the expecta- 
tion that prior temporal correlations between 
external stimuli and combinations of shock E 
and food may affect subsequent discriminative —- 
instrumental responding with respect to the 
stimuli. The findings have theoretical sig- — 
nificance in several major respects. à 
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FiGURE 2. Mean percentage of correct responses 

for the three groups in the presence of the stimulus 

orrelated with shock and food and in the presence 

the stimulus correlated with food alone (no shock) 
| discrimination training. 


First, the development of longer ratio times 
the presence of the shock-correlated stimulus 
uring the prepairing phase reflected the 
Heuppressive properties of the electric shock 
used throughout the experiment. While it is 
nceivable that a nonaversive and perhaps 
E "neutral" event might have served as 
wi ll as the shock in establishing a distinctive 
anticipation (cf. Friedman & Carlson, 1973), 
on the basis of the present results it appears 
that an event that is at least mildly aversive 
may clearly function in this role. This dem- 
Onstration takes on particular significance in 
he theoretical account below of the effects 
of i he stimulus-reinforcer prepairings upon dis- 
mination learning. 
ond, the results of the discrimination 


timulus, S;, 
the discrimination trainin; 
stimulus-reinforcer relatio 


& phase, since the 


E nships remained the 
same, the onset of either Si or So wi 


ould have 
stent with 
rs used in 


evoked anticipatory reactions consi: 
those conditioned by the reinforce: 
this phase. Hence, stimuli arising from the 
inticipations would have been available to 
inhance the discriminability of the cues avail- 


able to these animals. 


By con 
ference group may have acqui: 
tion of food alone in S; and of fo 
in S; in the prepairing pha« 
discrimination phase the ext timulus- 
reinforcer relationships were r« for these 
animals, and a consequent rel g of the 
"appropriate" anticipations co ve been 


the inter- 
1 anticipa- 
! plus shock 
'en in the 


expected. In effect, there maj been a 
period during the extinction anı juisition 
of anticipatory reactions durin, h, as a 
result of common mediating : s, the 
effective differences between the . ul cues 
were reduced and discriminatio: mance 
retarded, It may be noted that ` point 
does this view invoke motivatio ncepts 
in accounting for effects of the con- 
sistent with the view of mediationa nding 
in an avoidance task outlined by rmier 
et al. (1971). Taken with the i: ndent 
demonstration of the aversiveness « shock 
in the prepairing phase of the pri tudy, 
this suggests that the same proce ider- 
lying the relationship between ctive 
"fears" and avoidance behavior hy; sized 
by Overmier and his colleagues ma ome 
involved in the control of appetitiy stru- 
mental responses. 

This interpretation appears also to |... fea- 
tures in common with that of Fi and 
Wischner (1969). These theorists hav sued 
that the shock-right facilitation « t is 
attributable to "distinctive cue" pr "ties, 
due at least in part to conditioned fear, de- 
veloped by stimuli paired with shock an: 'ood. 
That is, if an animal is shocked and fed in one 
arm of a T-maze and not the other, t! timuli 
of the maze are said to become more distinctive 


than if shock is not presented. Consequently, 
there will be less generalization of conditioned 
reinforcement (and inhibition) in the maze and 
discrimination performance will be enhanced. 
In the typical demonstration of this effect, the 
increased distinctiveness of shock-food-related 
cues presumably develops at the same time as 
the measured discriminative response itself 
(eg., Fowler, Spelt, & Wischner, 1967). 
However, to the extent that conditioned fear 
is involved, the distinctive-cue hypothesis also 
predicts that discriminative stimuli may be- 
come more distinctive outside the discrimina- 
tion setting through procedures equivalent to 
Pavlovian stimulus pairings—a prediction 
borne out in the present study. 

Third, the methods of this experiment con- 
trolled for the involvement of peripheral 
operant mediators in the effects. In most 


TE 


tral mediational phe- 
ena, a common d culty has been the 
ntial role of perip ral operants in the 
ation of effects in extended discus- 
4 see Trapold & Overmier, 1972), Typi- 
ally, it is argued th sponding which de- 
lops during clas~! stimulus-reinforcer 
ngs (for instanc «forcer-related activi- 
lies or distinctive res) may persist to 
interact with the t ponse in later “trans- 
er" phases of an í sent, In the present 
idy, however, ^ . mechanical form of 
operant mediatio logically precluded. 
1 ion group, during the 


s research on ce! 


hat is, in the ! 

prepairing phas ictive operants would 
have had to dev in the presence of the 
external stimuli ured with the shock-food 


during discrimination 
ave had to 
half of the 


n, 
ponses would hi 
oing behavior in 
ior in the remain- 


ombination. 


t-going behavior 1 
1 the innovator of this control 
paradigm has suggested, such a feat would 
demand an amazing predictive ability in the 
d the argu- 


To compoun 
he same operants to 
in the interference 
on performance of 
On these grounds, 
e some more 
this instru- 


t (Trapold. 1970). 
"ment, one v ould expect t 
have been conditioned 
group—yet the discriminati 
these animals was retarded. 
the present data strongly implicat 
central mediational process in 
mental learning task. 
Apart from the theore 


data, a final point shoul 1 
the disparity in performance 1n the presence 


- of the two stimuli, shown in Figure 2. On the 

- one hand, the data would seem to suggest that 

— differential anticipations arose in the shock- 

food-related stimulus and not in the food-only 

4imulus. Such asymmetrical effects of the 
procedures would be extremely 
However, in all prob- 
imply attributable to an 
to mediators on the 
he strong preference 
ages of discrimina- 
ly 100% “correct” 
ll of the animals. Therefore, 
show differential 
epairings On the 
within the first 
of responding on 
ely low 


tical relevance of the 
made concerning 


t 


ability, 
insensitivity 
food-only lever- 
for this lever in 
tion learning res 
responding i 


That is, t 
the early st 
ulted in near 


E onversely, 


t 
few sessi 
the shock-food 1 
levels as the animals 
schedule of 
forcement across levers; 
ceiling effects to mask in 


thus, 
fluences of di 
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anticipations. In this connection, an extremely 
interesting parallel to these data may be foun 
in a study by Gross (1971). This investigato! 
used procedures somewhat analogous to thi 
present ones in a study of mediational activity 
based upon magnitude of positive reinforei 
eference of the animals fora 
d a relatively high 
f the 


second (low mag 
between Gross's 
suggests that if 
used which would not in 
preferences, these procedures would 

more sensitive to stimulus effects of mediationa 


processes. 
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_ ditions have produced conflicting data (Fry, 
.. 1967; Fry & Craven, 1972; Revesz, 1934). 
— The early work of Revesz indicated that 
_ the bisected line of the figure was judged 


shorter than the bisector, though to a lesser 
degree than was similarly found for vision 
and active touch. In contrast, Fry's more 
recent studies indicate that the bisected 
line is judged longer by about 997—196; 
among children and adults. The experi- 
ments reported here were designed to con- 
firm the earlier findings of Fry and Craven 

and to test the hypothesis that the elliptical 
| skin surface provided by the forearm and 
S pa palin Peine the tactile HV illusion 

anner analogous to the role pla 

by the elliptical visual field rtm 


1955, 1957) in the visual form of the HV 
illusion. 


LT 


first author. 
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INFLUENCE OF SHAPE OF RECEPTOR ORGAN ON ` IE 
HORIZONTAL-VERTICAL ILLUSION 
IN PASSIVE TOUCH ' 


T. S. WONG, R. HO, anb J. HO 
University of Waikato, Hamilton, New Zealand 


In four experiments involving 156 Ss, stimulus templates were traced ont« 
the volar surface of S’s forearm, Experiment I showed that rotation of a T 
figure over 180? resulted in an illusion function, with a reversal of the effect 
at 90°. A similar function was obtained in Experiment II with an L figure, 
indicating the absence of a bisection effect. 
shorter lateral axis was judged longer than that aligned with the longitudinal 
axis of the forearm. Experiments III and IV indicated that the effect was 
independent of the degree of stimulation on the skin and that an inscribed 
circle was similarly affected and perceived as a lateral ellipse. It was con- 
cluded that the horizontal-vertical illusion in passive touch is a function 
of the orientation of the figure with reference to the elongated frame of the 
receptor organ and is independent of the effect in vision and active touch. 


The component line along the 


, and 
their 
ons, 
ent. 
gers 
972) 


Although Revesz (1934), Fry (1° 
Fry and Craven (1972) conduc: 
studies under passive haptic co: 
their procedures were essentially c 
While Revesz required S to press hi 
onto the figure, Fry and Craven 


traced the figure through a templa: onto 
the palm of S's preferred hand. Asno -d by 
Over (1968), tactual presentation wi . -eby 
the total figure is impressed onto S- skin 


has disadvantages in that rapid adaj:'=tion 
of the skin renders judgments di:-.-ult. 
This problem is also manifest in the mu:hod 
employed by Revesz and undermines the 
validity of data thus collected. Apart from 
circumventing the problem of rapid ada; 
tion of the skin, the Fry and Craven 
has one notable feature. The variable 
"vertical" line was traced on the proximal- 
distal axis of S’s supine palm, while the 
standard “horizontal” line was traced at 
right angles to the variable line and located 
along the lateral axis of the palm near the 
wrist. The stimulus figure was thus im- | 
posed onto the natural elongated frame of ; 
the outstretched hand such that the bisec- 
tor and bisected line were along the longi- 
tudinal and lateral axis, respectively. The 
Overestimation of the bisected line is ac- 
countable in terms of this elongated frame 
of the extended hand if one assumes that 
the greater the proportion of the frame 
covered by the stimulus, the greater the 
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SHAPE OF RECEPTOR ORGAN AND TACTUAL ILLUSIONS 


went length. This explanation is simi- 
le -n principle to Künnapas's (1955, 1957) 
v al frame hypothesis, which attributes 
overestimation of the vertical compo- 
t of the HV illusion to its alignment 
w n the shorter component of the natural 
tical orbit of the eye. 


EXPERIMENT | 


if the primary determinant of the HV 
i ision in passive touch is the orientation 
« the component lines relative to the 
€ »ngated boundary of the receptor surface, 
i would be expected that variation in the 
c ientation of the figure would correspond- 
i sly effect changes in the illusion. Specifi- 
lly, the bisector of the T figure when 
! scribed onto the longitudinal axis of the 
lar surface of the supine forearm should 
judged shorter (defined here as positive 
asion) than the objectively equal bisected 
ie inscribed along the lateral axis of the 
-srearm. It would be expected that rota- 
on of the figure through 180° would pro- 
ice an illusion function with positive 
axima at 0° and 180° with the bisector 
mgitudinal, and a negative maximum 
illusion at 90° with the bisector lateral. 
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\Tethod 

Apparatus. Stenciled T figures were cut using 
;ymmetrical pieces of hard translucent Perspex each 
measuring 63.5 X 63.5 X 1.5 mm. The width of 
the stencil lines of the T was kept uniform at 2.5 
mm. By using an aluminum rod 152.4 mm. long 
and 1.6 mm. cross section, 
could be traced onto the volar surface of the fore- 
arm. The length of the bisected stencil line was 
kept constant at 381 mm., while the bisector 
varied from 19 mm. to 58 mm. in 3-mm. gaps, to 
give a total of 13 stimulus templates. The bisector 
was measured inclusive of the width of the bisected 


line. 

Subjects. There were 60 unpaid volunteer Ss, 
25 males and 35 females. Their ages ranged 17-26 
yr., with a mean agë of 19 yr. 

Procedure. The Ss wore blindfold goggles and 
were seated with. their supine forearms extende! 
and rested horizontally on a table 
of them. The template was traced 
a site just 


ipsilaterally 
directly in front 
onto the volar surface of the forearm on 
distal of the juncture with the upper arm. The E 
traced the stenciled figure onto S's skin, without 
lifting the stylus off the template, until the T was 
completed. The starting position from either line 
was counterbalanced across Ss. After each trace, 
S was instructed to indicate whether the first or 


a template of the figure _ 


415 


second line was felt as longer. Previous work (Day . 


& Wong, 1971) and preliminary observations indi- 
cated that a proportion of the Ss would directly 
request multiple presentations of the stimulus before 
attempting a response. In order to minimize the 
bias against the more diffident S, each S was specifi- 
cally instructed that he could request up to two 
repetitions of the same stimulus template before 
making a response, although he was encouraged to 


make a judgment on the first presentation. The . j 


stimulus was repeated only upon a specific request 
from 5. 

The double-staircase technique (Wetherill, 1963; 
Wetherill & Levitt, 1965) was used throughout to 
establish the point of subjective equality (PSE). 
Each staircase started with the bisector (variable) 
equal to the 38.1-mm. bisected line (standard) and 
was replaced by a shorter or longer variable accord- 
ing to S's judgment. Steps of 3 mm. were used 
until six reversals of judgment from longer to 
shorter (or vice versa) occurred. After the sixth 
reversal, the procedure was repeated on S's other 
arm until six more reversals were obtained. 

The 60 Ss were assigned to five groups of 12 Ss 
each. Each group was tested under only one of the 
figure orientations at 0°, 45°, 90°, 135°, or 180°. 
These orientations are depicted in Figure 1. The 
longitudinal axis of the forearm was initially deter- 
mined and marked lightly with indicator dots, The 
orientation of the stimulus figure was then deter- 
mined with reference to the longitudinal axis and 
marker lines on the templates calibrated according 
to the five stimulus conditions. A pilot study with 
12 Ss using the palm as the stimulus surface and 
the T figure at 0° produced a significant positive 
illusion of 13.72%, t(11) = 3.080, p < 01. This 


confirmed the findings of Fry and Craven (1972), 


who employed figures of similar dimensions and 
homologous sites on the palm. Preliminary ob- 
servations also indicated that Ss differed markedly 
in terms of topographic eccentricities of the palm, 


This feature would enhance the difficulty of obtain- 


ing a uniform template across the different figure 
the forearm, with its 


orientations. Accordingly, 
relatively even receptor surface and a greater 
polarity of outline shape, was picked as the logical 


receptor site. 


Results 


The PSEs were derived from the mean 
of the 12 lengths obtained from both arms. 
The difference between this mean and 38.1 
mm. (the standard length) was used as an 
index of the illusion and expressed as a 
percentage. The mean PSE for each con- 
dition, the standard deviation, and the 
percentage of illusion are shown in Table 1. 

Differences among mean PSEs across 
orientations were found to be significant, 
F (4, 55) = 4.869, p < .01. Duncan's new 


VET NONE 


TUUM ae ee 


Tr EA M rper en ELTE 


TABLE 1 


EAN PSEs (IN MM.) OF BISECTOR WITH 38.1-MM. 
ISECTED LINE (STANDARD), STANDARD DEVIA- 
TIONS, AND PERCENTAGE OF ILLUSIONS FOR THE 
Five ORIENTATIONS OF THE T FIGURE IN 
EXPERIMENT I 


T figure orientation 
Statistic 


0° 45° 90° 135° 180° 
PSE 41.503 | 38.735 | 36.779 | 37.693 | 40.767 
SD 2.463 .050 „431 219 ,889 
% illusion 8.933 1.666 | —3.466 | —1.066 7.000 


Note. Abbreviation: PSE = point of subjective equality. 


ultiple-range test indicated that the only 
ignificant comparisons (p < .05) were 
those between orientations at 0° vs. 90°, 
90° vs. 180°, and 0? vs. 135°. A trend 
analysis (Kirk, 1968) across orientations 
indicated no significant linear trend, F 
(1, 55) = 1215, p> .05; a significant 
quadratic trend, F (1, 55) = 18.393, p < 
- .0005; and no significant departure from 
uadratic trend, F (3, 55) = .3616, p > 
05. The least squares curve of best fit 
- was found to be: X = — 3.4342 — 0.6500 
Y + 2.9071 Y*. This curve, together with 
the data points derived for the mean per- 
centage of illusion, are shown in Figure 1. 
The summary data indicate that as the T 
figure is rotated through 180°, the direc- 
- tion of the illusion is reversed at 90°. 

= These results, taken in conjunction with 
those in the pilot study, indicate that the 
function of the illusion with the T figure 
dependent on its orientation with respect 
_to the boundary of the receptor surface. 


EXPERIMENT II 


E Recent studies (Day & Avery, 1970; Day 
Uu Wong, 1971; Deregowski & Ellis, 1972) 
b indicate that under active haptic condi- 
y tions, the HV illusion with the L figure is 
= only present in the horizontal plane, 

Whereas the inverted T figure invokes a 
substantial illusion when presented to S 
in either the vertical or horizontal plane. 
In accord with such observations, these 
authors have suggested that the active 
haptic illusion with the L figure is func- 
tionally related to the components of radial 
and tangential exploratory arm movements 
described earlier by Davidon and Cheng 
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(1964), while the effect of the inverted T *& 
figure is ascribed to the bisection effect 
similarly found in the visual figure (Finger 
& Spelt, 1947; Künnapas, 1955). A further 
question relates to whether the bis: tion of 
the lines contributes in any degre to the 
illusion in passive touch. If the ¿fect is 
solely determined by the shape of the recep- 
tor surface, it would be expected ‘jit the 
L figure, when rotated to the same «iegree, 
would elicit an illusion function sin ilar to 
that obtained for the T figure in | :peri- 
ment I. This prediction is tested Ex- 
periment II. 


Method. 


Apparatus. The same materials and r: 
stimulus values were used as those in Experi 
except stenciled L figures were employed. ( 
(A) of the L was kept constant at 38.1 mm 
the other line (B) varied from 19 mm. to § 
in 3-mm. gaps, to give a total of 13 «s! 


:e of 
nt I, 
> line 
while 
mm, 
ulus 


templates. 

Subjects. There were 60 unpaid voluntecr Ss, 
34 males and 26 females. Their ages ranged | 7-28 
yr., with a mean age of 19 yr. None of the *: had 


participated in Experiment I. 

Procedure, The psychophysical procedure, n: thod 
of testing, derivation of PSEs, and statistica! veat- | | 
ment were the same as for Experiment I. Live B 
(variable) was inscribed along the longitudinai axis 
for orientations at 0° and 180°, and along the 
lateral axis at 90°. 


Results 


The mean PSE for each condition, the | 
standard deviation, and the percentage of 
illusion are shown in Table 2. Differences 
among mean PSEs across orientations were 
found to be significant, F (4, 55) — 3.496, 
p < .05. Duncan's new multiple range 
test indicated that the only significant 


TABLE 2 


MEAN PSEs (IN MM.) OF VARIABLE (LINE B) WITH 
38.1-MM. STANDARD (LINE A), STANDARD DEVIA- 
TIONS, AND PERCENTAGE OF ILLUSIONS FOR THE 
Five ORIENTATIONS OF THE L FIGURE IN 
EXPERIMENT II 


L. figure orientation 


Statistic 

0° 45° 90° 135° 180° 
PSE 40.563 | 38.760 | 36.779 | 39.598 | 41.275 
SD 1.981 | 4.216 | 3.048] 2.387 3,886 
% illusion. 6.466 1.733 | —3.466 | 3.933 | 8.33. 


Note. Abbreviation: PSE = point of subjective equality. 


UDE OF ILLUSION (percent) 


0? 
to 180? (judged component lateral). 


Comparisons (5 < .05) were those between 
Orientations at 0° vs. 90°, and 90° vs. 180°. 
A trend analysis across orientations indi- 
ted no significant linear trend, F (1, 55) 
590, p> .05, a significant quadratic 
trend, F (1, 55) = 11.409, p < 01, and 
no significant departure from quadratic 
E F (3, 55) 4.865, p > 05. The 
least squares curve of best fit was found to 
be: X = — 3.4000 + .5500 Y + 2.7500 Y*. 
This curve, together with the data points 
derived for the mean percentage of illusions, 
jc shown in Figure 1, The data, together 
h those obtained in Experiment I, were 
further analyzed in terms of a 2X5 
(Figure X Orientation) factorial design. 
The analysis revealed no significant differ- 
lence between mean PSEs obtained across 
T figures, F (1, 110) = .216, p 
nificant difference among mean 
s orientations, F (4, 110) — 
< 001, and no significant interac- 
-is between figure type and orien- 
= .624, p > 05. 

could be raised re- 
Ss could in fact discrimi- 
T and L figures. Accord- 
ix females 
nted with 


wi 


ding whether 
e between the 
ly, an additional eight Ss, si 
and two males, were each prese 


ANGLE OF FIGURES (degrees) 


vicure 1. Percentage of illusion as a fun 
(jdged component lateral) through 90° (judged component longitudinal) 


ction of figure orientation from 


both the standard T and L stimulus figures, — 
orientated at 0°, on the volar surface of the 4 
forearm. Each stimulus figure was pre- 4 
sented twice, once on each forearm. The — 
order of the four stimulus presentations | 
was randomized. After each stimulus was — 
presented, S was required to indicate 
whether the stimulus was that of an L or 
inverted T. The results indicated that all — 
Ss could discriminate between the L and | 
T figures on each of the four presentation 
trials, without exception. 

The results, taken in conjunction with - 
those obtained in Experiment l, indicate | 
that the bisection of the lines does not play | 
a role in the HV illusion under passive 
haptic conditions. Furthermore, essen 
tially the same illusion function can be - 
obtained with either the L or T figures 
when the figure is rotated with reference — 
to the boundary of the receptor surface of — 
the forearm. ik 


EXPERIMENT III 


If the distorting effect of the receptor 
frame is a general one, it should operate — - 
irrespective of the method of presenting the — — 
stimulus figure. Specifically, if the Te 


figure is presented by stimulating the skin 
at strategic points of the template figure 
instead of a movement trace along all 
“parts, the effect of the receptor frame 
should still be manifest. This prediction 
-is tested in Experiment III. 


Method. 


. Apparatus. The same set of templates with the 
. stencil T figure that was used in Experiment I was 
. employed. 

= Subjects. There were 12 unpaid volunteer Ss, 7 
- males and 5 females, with a mean age of 19 yr. 
- None of the Ss had taken part in the previous two 
experiments. 

Procedure. The method of testing was similar to 
that in Experiment I for the figure orientation at 
0°, except the T figure was defined by six discrete 
= points impressed onto S's skin with the tip of the 
- aluminum stylus. The points were successively 
localized at the end point of the stenciled bisector, 
- its midpoint, the intersection of the line, one end of 
_ the bisected line, the intersection, and the other end 
- of the bisected line. A T figure was thus defined by 
_ the six discrete point stimuli, The order of present- 
et 
LE 


" ing the points was alternated between the bisector 


and bisected stencil lines, across Ss. 


Results 


The mean PSE was found to be 40.259 
mm. (SD — 3.352) to give a positive illu- 
sion of 5.66%, £ (11) = 2.205, p < .05. 
This directional £ test is achieved with an 
estimated power of .8011. For the corre- 
sponding illusion (8.93%) found in Experi- 
ment I with the T figure at 0°, a directional 
t test, £ (11) = 4.745, p < .01, is obtained 
vith an estimated power of at least .98 

when «æ is set at .05. Thus, it has been 
E that the illusion with the T figure 
| operates irrespective of the manner of pre- 
- senting the stimulus template onto the 
forearm. 

w 
4 


EXPERIMENT IV 


= The generality of the receptor frame 

effect should also extend to distortions of 
shapes, as with its demonstrated influence 

. on the apparent sizes of lines. Thus, a 
circle traced onto the volar surface of the 
forearm should feel like an ellipse with the 
longer axis aligned with the lateral axis of 
the arm. This prediction was tested in 
Experiment IV. 
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Method 


Apparatus. One circular and six « 
plates were cut from translucent Pe 
each measuring 63.5 X 63.5 X 1.5 mm 
measured 50.8 mm. in diameter, whilc llipses 
had a constant 50,8-mm. axis and a sh: s that 
varied from 47 mm, to 32 mm. in 3-mm 


Subjects. There were 12 unpaid v or Ss, 
7 males and 5 females, with a mean of 20 
yr. The Ss had not taken part in th evious 
experiments. 

Procedure. The method of testing wa» vilar to 
that employed in Experiment I for the f. orien- 
tation at 0°, except that the templa fined 
circular and elliptical outlines onto S's The 
S was told that each stimulus shape was | of an 
ellipse with its longer axis located either g the 
longitudinal or lateral axis of the forea His 


task was to judge, on each trial, whether 
was that of a longitudinal or lateral ellip 
staircase started with the circle and was 
by a longitudinal or lateral ellipse accordi 
judgment. A positive illusion would be ol 
the mean PSE indicated that the circle v 
ceived as a lateral ellipse. 


shape 
Each 
laced 

» S's 
ied if 


per- 


Results 


The PSEs were derived from t: 12 
reversals obtained from both arms. ich 
PSE was calculated from the diffe nce 
between the variable axis and the 50.*- 1m. 
constant. For reversals with a longitu nal 
ellipse, the difference was added to 0.8 
mm., while for a lateral ellipse, the d.''er- 
ence was subtracted from 50.8 mn.. to 
give the PSE. The mean PSE was found 
to be 52.984 mm. (SD = .355), indicating ^ 
that the circle was perceived as a lateral 
ellipse with a distortion of 4.300%, ¢ (11) 4 
= 2.461, p < .05. The differences among 
the mean illusion percentages obtained for 
the T, L, "dotted" T, and circle templates 
at 0? orientation were found to be insig- 
nificant, F (3, 44) = .9771, p > .05. These 
results indicate that the effect of the shape 
of the forearm on the judgment of lines is 
similarly manifest in the judgment of the d 
shape of a stimulus circle. \ 


DISCUSSION 


The HY illusion in passive touch was found 
to be about 695-995 on the volar surface of 
the forearm irrespective of whether the T or 
L figure was used as stimulus. A rotation O 
the inscribed T and L figures in Experiments 
Iand II through 180? on the forearm produced 
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usion functions with a reversal of the 
90°. The stimulus dimension aligned 
;e shorter lateral axis of the forearm 
wa dged larger relative to parts inscribed 
: longitudinal axis. The effect is inde- 
p nt of the degree of local stimulation of 
tl. «kin surface as shown in Experiment II 
ar can be generalized to account for a similar 
d' ortion in the judgment of shape (Experi- 
it IV). The larger illusion of 13.72% ob- 
ned on the palm is comparable to that of 
out 15% obtained by Fry and Craven 
1972). This larger value is more likely due 
greater spatial acuity of the palm com- 
wed with the forearm (Weinstein, 1968) than 
he operation of additional effects. 

‘he data support the view that the illusion 
due to characteristics of the receptor organ 
ther than to phenomenal features of the 

timulus. Nevertheless, the question remains 
. to whether a common relational principle 
in be invoked to account for the HV effect 
icross conditions of visual, active haptic, and 
ive haptic stimulation. 
As the bisection effect is absent in passive 
touch, the illusion with the T figure is specific 

to the operating characteristics of active touch 
and vision. With visual and active haptic 
inspection, attention can be focused selectively 

* onto stimulus parts, and similar judgmental 
errors can be expected if a common pattern of 
inspection pertains to the two modalities. 
This issue remains open to an empirical test. 
Contrary to the earlier claim of Künnapas 
(1955, 1957), the effect of the visual frame has 
been relegated to a minor role in its influence on 
the illusion with the L figure (Avery & Day, 
1969; Houck, Mefferd, & Greenstein, 1972). 
As the effect in passive touch has been shown to 
be relatively large, its relation in principle to 
the visual frame effect may be only superficial. 

Since the illusion in active touch has been 

assigned to the operating features of the mov- 
ing limb (Cheng, 1968; Davidon & Cheng, 
1964; Day & Wong, 1971; Deregowski & 
Ellis, 1972), it is obviously not associated with 
the effects ascribed to the illusion under pas- 
sive haptic conditions. It can be concluded, 
therefore, that the HV illusion in passive 
touch operates independently of the illusion 
in vision and active touch. 


da 
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ented by stimulating the skin Method 
t strategic points of the template figure Apparatus. One circular and six elliptic 
of a movement trace along à lates were cut from translucent. Pers 
e effect of the receptor frame each measuring 63.5 X 63.5 X L5 mm. 4 cle 
be manifest. This prediction measured 50.8 mm. in diameter, while the ses 
Experiment had a constant 50.8-mm. axis and a short hat 
k : varied from 47 mm. to 32 mm. in 3-mm. st 
Subjects. There were 12 unpaid volun Ss, 
1 males and 3 females, with a mean ag 20 
ous, 


‘The Ss had not taken part in the 


- Method 
. Apparatus. The same set of templates with the experiments. 
| stencil T figure that was used in Experiment lwas Procedure. The method of testing was gin st tO 
employed. 3 that employed in Experiment I for the figure em 
Subjects. There were 12 unpaid volunteer Ss, T- tation’ at 0°, except that the templates ved 
and elliptical outlines onto S's skin. The 


E f 
ean age of 19 yr. — circular 


nd 5 females, with à m 


f: E a 
N the Ss had taken part in the previous tWO — S was tol t 
pr Ed t ellipse with its longer axis located either al the 
The method of testing was similar to longitudinal or lateral axis of the foreatr lis 
the figure orientation at task was to judge, on each trial, whether the . ape 
lateral ellips: 


Pu ok umi six UE was that of a longitudinal or 
s skin with the tip 9 the staircase started with the circle and was t 


ints were successively by a longitudinal or lateral ellipse according 
itive illusion would be obt: 


points impressed onto 


i 


aluminum stylus. The po! 
- localized at the end int of the stencil ; 
Ls ion of the line, one end of judgmen- indi n 
x the mean PSE indicated that the circle we 


its midpoint, the intersect! 


the bisected line, the intersection, 
. of the bisected line. thus defined by 


the six discrete point stimuli. The order of present- 
ng the points was alternated between Results 
nd bisected stencil lines, across Ss. The PSEs were derived from th 
reversals obtained from both arms. 
PSE was calculated from the diffe: 
between the variable axis and the 50.8- 
mm. (SD — 3.352) to give a positive illu- constant. For reversals with a longitu: 
sion of 5.66%, ! (11) = 2.205, p < 05. ellipse, the difference was added to 8 
This directional ¢ test is achieved with an mm., while for a lateral ellipse, the di^; ers 
estimated power of 8011. For the corre- ence was subtracted from 50.8 mn: to 
usion (8.93%) found in Experi- give the PSE. The mean PSE was found 
reat 0°, a directional to be 52.984 mm. (SD = 355), indica! ng 
4.145, p < -01, is obtained rceived as a lateral 
ed power of at least .98 ellipse with a distortion of 4.300%, t GL) 
05. Thus, it has been = 2.461, p < .05. The differences among © 
the mean illusion percentages obtained for 


and the other end ceived as à lateral ellipse. 


‘The mean PSE was found to be 40.259 


lusion with the T figure 

tive of the manner of pre- the T, L, "dotted" T, and circle templates 

ulus template onto the at 0° orientation were ound to be insig- ? 
nificant, F (3, 44) = 9711, p > 05. These 
results indicate that the effect of the shape 

EXPERIMENT IV of the forearm on the judgment of lines is 
similarly manifest in the judgment of the . ~ 


. The generali of th ; Z 3 
effect should NEA ksi d qno ee d shape of a stimulus circle. 
shapes, as with its demonstrated influence 
on the apparent sizes of lines. Thus, a Tet 

circle traced onto the volar surface of the The HV illusion 1n passive tou! 
forearm should feel like an ellipse with the * be about 676-976. 
longer axis aligned with the lateral axis of c c C RN alus 
bee TS d BIS T and nre i 

xperiment 1V. T and II through 180° on the forear 


DiscussioN 


A rotation O 
Experiments 
m produce , 


similar illusion functions with a reversal of the 
-t at 90°. The stimulus dimension aligned 
i the shorter lateral axis of the forearm 
i larger relative to parts inscribed 
ongitudinal axis. The effect is inde- 
t of the degree of local stimulation of 
ace as shown in Experiment III 


istorti 

nt IV 
ained on 
about 1 


(1972) 


generalized to account for a similar 
in the judgment of shape (Experi- 
Che larger illusion of 13.72% ob- 
the palm is comparable to that of 
; obtained by Fry and Craven 
This larger value is more likely due 
ter spatial acuity of the palm com- 
| with the forearm (Weinstein, 1968) than 
he operation of additional effects. 
he data support the view that the illusion 
A to characteristics of the receptor organ 
than to phenomenal features of the 
Nevertheless, the question remains 
as to w ether a common relational principle 
/ can be avoked to account for the HV effect 
! acr onditions of visual, active haptic, and 
a) pa haptic stimulation. 
Y -he bisection effect is absent in passive 
tc . the illusion with the T figure is specific 
aj to e operating characteristics of active touch 
f a vision, With visual and active haptic 
i' nection, attention can be focused selectively 
o stimulus parts, and similar judgmental 
rors can be expected if a common pattern of 
uspection pertains to the two modalities. 
this issue remains open to an empirical test. 
Contrary to the earlier claim of Kiinnapas 
(1955, 1957), the effect of the visual frame has 
been relegated to a minor role in its influence on 
the illusion with the L figure (Avery & Day, 
1969; Houck, Mefferd, & Greenstein, 1972). 
As the effect in passive touch has been shown to 
be relatively large, its relation in principle to 
the visual frame effect may be only superficial. 
Since the illusion in active touch has been 
assigned to the operating features of the mov- 
ing limb (Cheng, 1968; Davidon & Cheng, 
1964; Day & Wong, 1971; Deregowski & 
Ellis, 1972), it is obviously not associated with 
the effects ascribed to the illusion under pas- 
sive haptic conditions. It can be concluded, 
m therefore, that the HV illusion in passive 
~ touch operates independently of the illusion 
in vision and active touch. 
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THE SPACING EFFECT AND THE A-B, A-C PARADIGM : 


EVIDENCE FOR RETROACTIVE FACILITATION ' 


DONALD ROBBINS? anp JAMES F. BRAY 
Emory University 


The retention interval in a continuous paired-associate task was varied after 
one or two presentations of a pair of words, The lag between the two presenta- 
tions was also varied. Half of the twice-presented items represented an A-B, 
A-C negative transfer design, while the other half were A-B, A-B items. 
Three different groups were instructed, with regard to the A-B, A-C items, 
to recall on test trials either Response B, C, or both B and C. The results 
from the A-B, A-C items revealed that Ss asked to recall both B and C per- 
formed at the same level as Ss required to recall only B or only C. In addition, 
under some conditions, evidence of retroactive facilitation was found. Specifi- 
cally, under these conditions the presentation of A-C was as effective as a 
second presentation of A-B for the recall of B for a relatively long retention 
interval. It was concluded that current memory models must be modified to 


1 account for retroactive facilitation. .. 


Considerable evidence indicates that re- 
all performance in a continuous paired- 
- associate task improves as the time between 
"presentations increases (see Bjork, 1970; 
Melton, 1970). The theories proposed to 
ccount for this spacing effect fall into 
two broad categories. In one approach, 
the time or “lag” between presentations is 
the source of the spacing effect. It is as- 
umed that increased lag allows additional 
ime to transfer information from a tran- 
lent short-term memory store to a rela- 
ively permanent long-term store (e.g., 
inson & Shiffrin, 1968). In the other 
approach, events occurring at the second 
Presentation account for the spacing effect 
(eg. Melton, 1970), For example, Melton 
assumes that increasing the lag results in 

context change that increases the number 
erent retrieval cues available, leading 
$ 


‘to an increase in recall, 


from this operation than the approach 
emphasizing the second presentation. To 


1 This research was supported by Grant MH-20331 
from the National Institute of Mental Health. 

? Requests for reprints should be sent to Donald 
Robbins, Department of Psychology, Emory Uni- 
versity, Atlanta, Georgia 30322. 


given interval, instead of repeating .'air 
A-B we presented Pair A-C. In his 
regard, Bruce and Weaver (1973), usin : a 
paired-associate probe technique, fo: nd 
greater recall of B for A-B, A-C, ^ C 
conditions relative to A-B, C-D, C D 
controls. They called this result retro- 
active facilitation and proposed a modi- 
fication of the Atkinson and Shiffrin- (1963) 
model to account for the phenomenon. 
They proposed a fixed-size rehearsal bul er 
and an internal repetition process, which 
maintains an item in a short-term store 
while simultaneously transferring infornia- 
tion into a long-term store. As a result, 
entry of an A-C item into the buffer after 
A-B has been entered will result in the 
retention of A-B in the buffer and transfer 
of information about A-B to the long-term 
store. No such facilitatory effect should 
occur for items that have a different 
stimulus term, namely; A-B, C-D, C-D 
items. Bruce and Weaver, using word 
pairs, also found retroactive facilitation 
when a lag of three pairs was introduced 
between A-B and A-C, A-C, as well as 
between A-B and C-D, C-D. They argued 
that this result was contrary to a fixed-size - 
rehearsal buffer model and a differential 

rehearsal notion since they assumed that 

the lag of 9 sec. should insure that A-B 


\ 
accomplish this, we presented a pai of 
common English words, A-B, and aftr à 
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would no longer be in the buffer when A-C 
was presented. It may be the case that 
the rehearsal buffer is larger than the three- 
pair fixed buffer size they assumed, and 
thus the result would not be contrary to 
| the modified Atkinson and Shiffrin model 
they proposed. 

In the present study we focused on two 
4 

| 


questions. The first regards the conditions 
under which retroactive facilitation of A-B, 
A-C occurs relative to A-B, C-D. The 
second question deals with the amount of 

- facilitation that occurs, particularly in the 
l A-B, A-C paradigm, relative to an identi- 
cal repetition, the A-B, A-B paradigm. 

B Predic can be generated from the 
T Atkinson and Shiffrin (1968) model based 
o 1° modifications suggested by Bruce 

a \ er (1973). If A-B or, more 
pr iv, its memorial representation, is 
in the rehearsal buffer when A-C is 
presented, this should provide additional 
opportunity to rehearse and to transfer 
infonnation about A-B to the long-term 
cordingly, as long as A-B is 

E n the buffer, as the lag between A-B 
d A-C increases, a stronger trace for 
BA hould acerue in the long-term store. 
H », when A-B is no longer in the 

E rei uffer, no additional rehearsal of 
| A-B should occur. This is in contrast to 
a repetition condition, A-B, A-B, since 
here when the first A-B is no longer in the 
buffer, the second A-B should be entered. 
Thus, the model generates the prediction 
that for relatively short lags the A-B, A-C 
condition should yield the same level of 
Beca! the A-B, A-B condition, and at 
T lon; lags the recall for the A-B, A-C con- 
l dition should fall to the level of a single- 
presentation control, A-B. It should be 


still 


noted that the model predicts that at short 
‘lags the A-B, A-C condition results in 
higher icvels of recall than appropriate 
A-B control conditions. The predictions 
generated for the A-B, A-C paradigm 
based on Melton's (1970) views are unclear 
without additional machinery. Discussion 
of them will be deferred until the results 
are reported. 
- [n the present study, different groups of 
Ss were given a continuous paired-associate 
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task after being instructed to recall either 
the first response (B) or the second re- 
sponse (C) for A-B, A-C items. A third 
group was instructed to recall both re- 
sponses (B and C) on test trials to evalu- 
ate the possibility of response competition 
(Keppel, 1968; Postman & Underwood 
1973). In addition, all of the Ss were given 
repetition conditions, A-B, A-B, as well 
as single-presentation controls, A-B. 


METHOD 


Design. A continuous paired-associate technique - 
was used in which all of the conditions except in 
structions were within-Ss, There were 18 within-Ss 
conditions. Six of the conditions were single-presen- - 
tation controls, A-B, followed by 1, 3, 5, 7, 9, or 11 ` 
pairs or tests of other pairs (trials) and then a test 
trial (since the trials were presented at a 5-sec. rate, 
the retention interval ranged 5-55 sec.). Six of the ~ 
conditions were repetitions, A-B, A-B, and repre- — 
sented a factorial combination of a lag of either 1, 
3, or 5 trials (5, 15, or 25 sec., respectively) and 1 
or 5 trials (5 or 25 sec., respectively) in the retention ' 
interval, i.e., the interval between the second pre- - 
sentation and the test trial. The last 6 conditions 
were also a 3 X 2 factorial combination of the same | 
lag and retention intervals, but these 6 conditions ~ 
represented an A-B, A-C paradigm. M 

A continuous paired-associate study-test pri 
cedure was used. Each of the 18 conditions wi 
represented 6 times in the list. The order of the 
conditions was counterbalanced throughout the list. 
Each S was given a different counterbalanced order, - 
A total of 24 filler items was used and inserted - 
where necessary to obtain the appropriate spacing 
conditions; approximately half of the filler items 
were presented once and the remaining items twice, 
All ‘of the filler items were tested, although these. 
data were not included in the analyses. 
were divided into three groups and told that, with ~ 
regard to the A-B, A-C pairs, either the first 
(Group First) or the second (Group Second) pairing 
was considered “correct” on test trials, while a third —.— 
group (Group Both) was told to recall both responses 
on test trials. 

Subjects. Sixty Ss were recruited from introdu 
tory psychology classes and participated in a 40-5 
min. session. 

Materials. The stimuli were pairs of six-letter 
English words with a Thorndike-Lorge (1944) fre- — 
quency count of 22 or more. The words were — 
randomly assigned to pairs with the restriction that 
obviously associated words not be paired. On the — 
presentation trials the two words for each pair were - 
typed on 2 X 2 in. slides separated by a dash 
while on test trials the stimulus term was typed 
on the left hand side of the slide, followed by a 1 
dash. 


f 


TABLE 1 


Rerroactive Errects: PROPORTION RECALLED 
or RESPONSE B k 


Condition 

A Single-pre- 

A-B, A-B A-B, A-C V RUE 

.86 63 .37 (.74) 

-18 32 .39 (.74) 

4 38 -28 (.74) 

1 54 .28 (.39) 

15 +52 AT .21 (.39) 
25 54 -30 .24 (.39) 


'ote. Abbreviation: RI — retention interval. 
Values not in parentheses represent a single presentation 
A-B followed by a retention interval equal to the total time 
wween the first A~B and the retention test for the A-B, A-B 
A-B, A-C conditions, Values in. bparentheees represent the 
ean proportion recalled for the single-presentation condi- 
ns when they are equated for the retention interval, i.e., 
time from A-C or the second A-B to the test, 


Procedure. Twenty Ss were assigned to each 
oup in order of appearance, in accordance with 
E random permutations of the three groups. The 
_ Ss were tested individually. They were given in- 
"structions that informed them of the nature of 
_ study and test trials and were told that some pairs 
uld be presented once and some twice. They 
re also informed of the A-B, A-C condition and 
old that either the first or second pairing was con- 
lered correct, or to recall both. The Ss did not 
ow in advance which condition a particular pair 
in. They were told that the object was to be 
‘orrect as often as possible on the test trials. No 
back was given on test trials. 
he study and test trials were presented visually 
a 5-sec. rate and the responses were given orally. 
he Ss were given a practice series of 18 items 
which served as a primacy buffer and was followed 
ithout interruption by the experimental list. An 
itional 6 items added to the end of the experi- 
iental list served as a recency buffer. After the 
pletion of the task, the next minute was filled 
ith answering a questionnaire designed to fill the 
erval, Then Ss were given a sheet that con- 
ined the stimulus terms from all of the experi- 
ental pairs (in a random order) followed by two 
lank spaces. They were asked to write down as 
many of the responses as they could remember and 
to record both responses for those stimuli that had 
had two responses associated with them. The Ss 
= were given approximately 5 min. for this delayed 
all test. It should be noted that during the 
ial phase of the study, Ss were not told that they 
would be given this additional test, 


RESULTS 


E The mean proportion of first responses, 
— B, recalled by Group First and Group Both 


for the A-B, A-C items was compared and 
revealed no difference between the groups 
(F < 1, est. SE, = .085). The overall 
mean proportions recalled were .45 ard .43 
for Groups First and Both, respect ‘ely. 
Similar results were found for the an 
proportion of second responses (C) rec- ^d 


(F < 1, est. SE, = .049. The ovi- II 
mean proportions recalled were .54 an.’ 2 
for Groups Second and Both, respect: 

None of the interactions involving gr. >s 


in either case were statistically signific t 
(Fs < 1). These analyses reveal i: t 
Group Both recalled the same propor! a 
of Response B as Group First and thes e 
proportion of Response C as Group Seco |, 
even though Ss in Group Both were c- 
quired to retain the two associations, A 3, 
and A-C, which had the same nominal « ^, 
A. Asa result, in all subsequent anal) :s 
these data were combined. 

Retroactive effects. Table 1 shows | e 
mean proportion of Response B correc: y 
recalled for the various conditions. Th: 
are two comparisons of interest : A-B, A- 
vs. the single-presentation controls, A—! 
and A-B, A-C vs. the repetition condition 
A-B, A-B. The mean proportion recalle: 
for the A-B, A-C items, for the relatively 
long retention interval (25 sec.), was ap 
proximately equal to that of the A-B, A 
items for two of the three lag condition 
In addition, these values were greater tha: 
the corresponding single-presentation con- 
trol values. This was confirmed by au 
analysis of variance? comparing the A-B, 
A-C conditions, the A-B, A-B conditions, 
and the corresponding A-B conditions. 
The analysis revealed a significant inter- 
action between condition and total time 
between the first A-B and the retention 
test, F (4, 156) = 9.74, p < .001, est. SE 
= .013. Therefore, when a relatively long 
retention interval followed A-C, and the 
presentation of A-C followed A-B by 5 or 
15 sec. it was as effective as a second pre- 
sentation of A-B with respect to the recall 
of B. Further, under these conditions the 
recall level of the A-B, A-C items was 


* Although some of the statistical analyses are 
not independent, the levels of significance obtained 
are such as to minimize interpretative problems. 
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greater than that of the A-B controls. 
However, whe" the lag between A-B and 
A-C was 25 sec. recall was at the same 
level as th« je-presentation control. 

When ar: tively short retention interval 
(5 sec.) foi 1 A-C, the A-B, A-B con- 
ditions wer- ¿perior to the corresponding 
A-B, A-C ¿© ditions. The A-B, A-C con- 
ditions in were similar to the corre- 
sponding e-presentation control con- 
ditions w ;e exception. When the lag 
was 5 s all in the A-B, A-C condi- 
tion wa: :oximately midway between 
that for -B, A-B condition and the 
A-B cor: An analysis of variance 
revealed nificant interaction between 
conditio: | the total time between the 
first A-P the retention test, F (4, 156) 
=10.38 001, est. SEy = -012. In 
additio: formance on the A-B, A-C 

items d icd as the lag increased for 
both re: n intervals. 

Proa ects. Table 2 shows the mean 
propor: í Response C recalled for the 
A-B, A- items and for the single-presen- 
tation «vols, Two one-way analyses of 
varianc »mparing the three A-B, A-C 
conditi revealed a significant difference 
for bot the short retention interval, F 

(2,78) 14.40, p < .001, est. SE = .021, 

and Jo: retention interval conditions, F 

(2,78) — 26.87, p < .001, est. SEn = .023. 

| .Howev.:, comparison of the three A-B, 

A-C cov ditions to the corresponding A-B 

contro’ revealed no significant differences 

(Fs < 1). These analyses reveal that 
` although the A-B, A-C conditions did not 

differ irom their single-presentation con- 


trols, they were different from one another. 
Further, performance declined for the A-B, 
A-C items as the lag increased. 

Recall of both B and C. A comparison 
of the proportion of times that both re- 
sponses were recalled for Group Both was 
made for the 3 X 2 factorial combination 
of lag and retention interval. In four of 
the six cases the proportion of times both 
responses were recalled was approximately 
equal to the product of the separate re- 
sponse proportions, i.» P(B&C = 
P(B)P(C). In only one case was P(B&C) 
less than P(B)P(C). These data are con- 


TABLE 2 
PROACTIVE EFFECTS: PROPORTION RECALLED Ol 
RESPONSE C 
Condition 
Lag (in sec.) 
Single- a 
anac | PR 
5-sec. RI 
P 84 m 
15 ri a 
25 Th Ü 
25-sec. RI 
2 32 39 
15 25 39 
25 22 S 


Note. Abbreviation: RI = retention interval. 


sistent with recent findings of "independent 
retrieval” (e.g., Martin, 1971). 

Repetition effects. Table 1 also shows the 
mean proportion recalled for the A-B, A-B 
conditions. An analysis of variance com: 
paring the three groups revealed a signifi 
cant retention interval effect, F (1,57) = 
128.00, p < .001, est. SE, = .030, and a. 
significant Lag X Retention Interval in- | 
teraction, F (2, 114) = 5.81, p < .01, SE Hi 
= .016. However, neither the’ lag effect, 
F (2, 114) = 1.99, nor any other com- - 
parison (Fs < 1), was statistically signifi- A 
cant. These data reveal a failure to detect 
a lag effect. $ 

In Table 1 the repetition items were - 
compared to single-presentation controls - 
equated for the time between the first A-B. 
and the retention test and revealed at 
least a 2:1 superiority of the repetition 
items. However, if the repetition condi- 
tions are compared to single-presentation | 
items equated for the retention interval, 
as shown in Table 1 in parentheses, the 
repetition differences are less marked. To 
evaluate performance when the retention. 
interval was equated, a two-way analysis. 
of variance was performed comparing the 
A-B, A-B conditions, collapsed across lag, 
to the A-B controls for both retention 
intervals. The analysis revealed a signifi- 
cant retention interval effect, F (1, By 
15487, p < .001, est. SE = 036, and. 
a significant repetition effect (number of 


presentations), F (1, 57) = 2512, p e 


.001, est. SE, = .020. The Lag X Num- 


f 


TABLE 3 


PROPORTION RECALLED ON 
DELAYED RECALL TESTS 


Response B Response C 
Single- Single- 
A-B, | A-B, | presen- | A-B, | presen- 
A-B A-C | tation | A-B tation 
control control 


ly significant, F (1, 57) = 4.04, p = .05, 
t SE, = .020. No other interaction was 
ificant (Fs < 1). It should be noted 
t the single-presentation (A-B) con- 
ols showed a rapid decline from .74 at the 
sec. retention interval to .37 at 15 sec. 
leveled off at .24 at 55 sec. 
- Delayed tests. The delayed recall data 
e recall test following the continuous 
red-associate task), shown in Table 3, 
ealed that for the single-presentation 
ms the mean proportion correct in- 
eased as a function of the original reten- 
on interval. For A-B, A-B items that 
d a long retention interval, the mean 
roportion increased as a function of lag. 
imilar result was found for A-B, A-C 
ems, recall B, for both the short and long 
tention intervals. The remaining con- 
ons led to relatively horizontal func- 
ons of lag. 
n. 


Discussion 


The major result of the present study arises 
om the comparison of the recall of Response 
for the A-B, A-C conditions and the A-B, 


l ag was 25 sec., 
call in the A-B, A-C condition dropped to 
jat of the single-presentation condition. It 
ould be noted that two types of retroactive 
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facilitation were found here. One 
better performance for A-B, A-C iter 
contrast to A-B controls, a result w 
similar to that of Bruce and Weaver (i 
The second type revealed that perforn 
for A-B, A-C items was equivalent t 
identical repetition condition, A-B, 
Thus, retroactive facilitation may b 
scribed as a condition under which the 
sentation of A-C not only fails to int 
with the recall of B but rather facilitate 
When the retention interval was short, fac 
tion was found only when the lag bet: 
A-B and A-C was 5 sec, in comparis: 
the comparable single-presentation co: 
The finding that a presentation of A-C | 
tated the recall of Response B is not 
counterintuitive but seems to be at odds 
most views of response interference 
Keppel, 1968; Underwood & Ekstrand, 1555). 
However, in the present study as well in 
Bruce and Weaver, Ss were informed oi (he 
A-B, A-C condition prior to input. In ta- 
ditional studies of retroactive interference no 
such instructions are given. Obviously, ‘he 
role of instructions will have to be eval 1 
before any conclusions can be drawn. fn 
addition, the failure to find any difference be- 
tween Group Both and Groups First eid 
Second in the recall of B-and C, respectively, 
appears to be in contrast to most interfere oce 
views. 

A peculiar feature of the data is the failu 
to find a spacing effect for the repetition « 
ditions, although an interaction between ag 
and retention interval, previously reporte 
Peterson, Hillner, and Saltzman (1962), v 
found. It is unclear why we failed to find a 
spacing effect, although the possibility exists 
that the inclusion of A-B, A-C items in the 
list led to an attenuation of the Spacing effect. 

A problem arises as to the appropriate A-B 
control in assessing repetition effects. When 
the repetition items are compared to single- 
presentation controls equated for the time 
from the first A-B to the recall test, at least 
2:1 differences are noted. However, when the 
comparison is based on the time from the 
second A-B, the differences, although statisti- 
cally significant, are much smaller. In par- 
ticular, there were very small differences at the 
Short retention interval. If we assume that, 
at short retention intervals, information is 
largely retrieved from the short-term store, 
then these data indicate that the increment in 
information in the short-term buffer arising 
from a repetition is fairly small. However, 
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ion is retrieved largely from the 
as may be assumed for the 
nterval, the additional entry 
- appears to lead to additional in- 
g stored in the long term store. 
The findi-;: of retroactive facilitation are 
onsistent with the expectations of the Atkin- 
on and Shi#-in model (1968) as amended by 
Weaver (1973).. An alternative 
;sy also account for retroactive 
\long with Tulving (1968) we 
iat there are retrieval cues that 
|! as well as those that are long 
assume that the stimulus, A, 
etrieval cue. The second pre- 
\ may serve as a cue to retrieve 
ı A-B, and this may be a func- 
ie A-B, A-C lag and the reten- 
i. Further, assume that the act 
esults in additional, different re- 
ing formed with regard to A-B. 
‚uld then lead to an expectation 
facilitation. 
both Bower (1972) and Martin 
ted that A-B, A-C items may 
lly stored as a result of different 
‘aes. Their suggestions also appear 
. framework to account for retro- 
ration using a traditional negative 
'adigm. We must point out that 
lata cannot discriminate between 
;ative formulations. In any event, 
»s of existing theories of memory 
ed in order to account for retro- 
tation, The finding of retroactive 
;: is surprising given the historical 
mphasis on proactive and retroactive inter- 
ference cfects in paired-associate learning. 


of retroac 
mee Recenti 
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. Numerous experiments concerning the 
effects of stimulus predictions on choice 
^ reaction time (RT) have demonstrated 
horter RT to correctly predicted stimuli 
than to incorrectly predicted stimuli (e.g., 
Bernstein & Reese, 1965; Geller & Whit- 
| man, 1973). Furthermore, other studies 
' have shown sequential effects of correct and 
‘incorrect predictions on choice RT (e.g., 
Whitman & Geller, 1971, 1972). In gen- 
eral, RT to correctly and incorrectly antici- 
pated stimuli was shorter when the pre- 

ceding prediction outcome (PO) was correct 
_ than when the preceding PO was incorrect. 
— The observed effects of current and pre- 
eding PO on choice RT have been ac- 
ounted for by the continuous expectancy 
‘model entertained by Geller and Pitz 
Bp» That is, Ss’ verbal stimulus pre- 

dictions were presumed to be an indication 
of their expectancy for the predicted stimu- 
‘lus, and thus reactions were facilitated fol- 
_ lowing confirmed expectancies and inhibited 
following disconfirmed expectancies. The 
basic assumption of Geller and Pitz was 
that Ss’ expectancy for a given stimulus 
may be represented by a continuous dimen- 


s 1 This research was partially supported by the 
P Small Grants Program of the College of Arts and 
v Sciences, Virginia Polytechnic Institute and State 
B, University. The author is grateful for the assistance 
_ of Don McKay and Charles Whitman in writing 
» the computer programs for this study, 

-—— " Requests for reprints should be sent to Scott 
Geller, Department of Psychology, Virginia Poly- 
technic Institute and State University, Blacksburg, 
- Virginia 24061. A : 


PRECEDING PREDICTION OUTCOME AND PREDICTION 
OUTCOME PROBABILITY : 


INTERACTING DETERMINANTS OF CHOICE REACTION TIME 


E. SCOTT GELLER? 
Virginia Polytechnic Institute and State University 


In a two-choice reaction time (RT) task in which Ss made a stimulus predic- 
tion prior to each stimulus presentation, the probability of a correct stimulus 
prediction was manipulated between Ss. As the probability of a correct pre- 
diction increased, RT to correctly predicted stimuli decreased, while RT to 
incorrectly predicted stimuli remained unchanged. A significant second-order 
effect of prediction outcome on RT to correctly predicted stimuli was a decreas- 
ing function of the probability of a correct prediction. These results are inter- 
preted within the framework of continuous expectancy theory. 


sion. Hence, Whitman and Geller (! 1, 
1972) explained the sequential effects o! ‘O 
on RT by postulating that Ss’ degr of 
expectancy for a predicted stimulu: 
creased following correct prediction: l 
decreased following incorrect predic! 
The RT to a correctly predicted stim 
was faster when Ss' preceding POs 
correct rather than incorrect because 
pectancy for the predicted stimulus 
augmented by prior prediction success. 

The present experiment was designed > 
study the influence of the probability o! . 
correct stimulus prediction on choice ! 
to correct and incorrect POs. The pro! 
bility of a correct prediction was mani; 
lated between Ss and was either .30, 59, 
or .70. Given the notions that (a) expe: 
ancy for a predicted stimulus is a dire t 
function of the probability of a correct pre- 
diction, and (b) increased expectancy for a 
predicted stimulus leads to greater faciliia- 
tion to identify correctly predicted stimuli 
and greater inhibition to identify incor- 
rectly predicted stimuli, the first-order ef- 
fects of prediction outcome should increas 
as the probability of a correct prediction 
increases. In other words, the relationship 
between the probability of a correct predic- 
tion and RT should be inverse when the 
stimulus prediction is correct and direct 
when the prediction is incorrect. 

In a recent study, Whitman and Geller 
(1973) manipulated the probability of a 
correct prediction between Ss and found 
RT to be an inverse function of the predic- 
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ities .10, .30, .50, .70, and .90 
nulus prediction was correct, 
ot significantly influenced by 
y of a correct prediction when 
'wasincorrect. The hypothe- 
erein were supported by only 
ita in that study (i.e., RTs to 
dicted stimuli). The present 
esented a second attempt to 
:ts of PO probability on RT to 
ncorrect POs. Moreover, the 
explored the possibility of an 

:fluence on RT of PO probabil- 

'eding PO, and also examined 

timulus probability and repeti- 

in analyses of preceding PO, 
and PO probability as deter- 

:'hoice RT. à 
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METHOD 


1» 60 Ss of the present experiment were 
un introductory psychology classes at 
technic Institute and State University. 
:ndomly assigned to one of three exper- 

litions defined by the probability of a 
‘lus prediction, i.e., .30, .50, or .10. 
and procedure. The two stimulus alter- 
and N (verbally labeled “up” and 
“dow: espectively), were presented by a ES 
X 2.5 digital readout mounted in a partition 
located 4 desk top and separating E from S. Two 
reactic ingers were a left-hand and a right-hand 
micro. h encased in handles separated by 45 cm. 
Ten < each group identified U with a left 
respons: and (^ with a right response, while the 
remaiii 10 Ss used the reverse S-R mapping 
arrangement, 
x f the 300 trials began when Æ presented a 
|| bar in the center of the readout that sig- 
naled S to make a stimulus prediction by pressing 
one of two prediction switches, and then to indicate 
the choice verbally. The prediction switches were 
spring-return levers, displayed on a panel that was 
positioned 18 cm. to the left of S’s left-hand reaction 
trigger. A .5-sec. buzzer was sounded and the stim- 
ulus appeared after a random time interval varying 
between .5 and 1.5 sec. The S's choice reaction 
terminated the stimulus presentation and stopped 
a digital millisecond timer. After recording the 
reaction latency, E presented the signal to prompt 
S’s prediction and the next trial was initiated. The 
total time for each trial was approximately 8 sec. 
On each trial a paper tape reader sampled one of 
three distributions according to the experimental 
condition (.30, .50, or .70) and matched the correct 
or incorrect bit of information with S's prediction 
in order to determine the stimulus. That is, if the 
paper tape indicated a correct PO then relay logic 
determined a presentation of the stimulus that S 
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Figure 1. Choice reaction time as a function of | 
current prediction outcome (PO), preceding PO, and 
the probability of a correct prediction. 


predicted, but if the paper tape indicated an incor- 
rect PO then the alternative stimulus was presented, 
The 50/50 and 70/30 distributions were determined | 
by filtering a uniform random number sequence on 
an IBM 370 computer system. The 30% schedule 
of correct predictions was the inverse of the 70% 

distribution. i 


RESULTS E 


Trials on which Ss made anticipatory or ^ 
incorrect identifications were deleted from . 
the data analysis and did not exceed 5% 
(ie., 15) for any S. For each experimental. 
group, four categories were determined by 
a 2 X 2 factorial of current PO (correct or 
incorrect prediction of the stimulus presen- 
tation) and preceding PO (correct or inco: 
rect prediction of the stimulus on the 
preceding trial). The mean choice RT o 
each category was calculated for each S, 
and the group means presented in Figure 1 
represent the average of the appropriati 
Ss' means. 
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‘The data illustrated in Figure 1 indicate 
at the first-order effect of PO (i.e., solid 
. dotted lines) was an increasing function 
the probability of a correct prediction, 
ile the second-order effect of PO (i.e., 
circles vs. triangles) was a decreasing func- 
n of the probability of a correct predic- 
tion. The overall analysis of variance, a 
- (Group) X 2(Current Prediction Out- 
ome) X 2 (Preceding Prediction Outcome) 
- factorial, indicated that all three first-order 
"interactions were reliable: Group X Cur- 
ent PO, F (2, 57) = 3.46, p < .05; Group 
Preceding PO, F (2, 57) = 6.71, p < 
005; and Current PO X Preceding PO, 
P (1, 57) = 18.88, p < .001. The sec- 
nd-order interaction was not significant 
Sec lj 
To further clarify these results, the data 
vere separated according to the current PO, 
and two additional analyses were per- 
ormed, i.e., 3 (Group) X 2 (Preceding PO) 
actorials. For RT to correctly predicted 
muli, both main effects and their inter- 


, 57) 


evident in Figure 1 by the observation that 
the RT difference due to the PO on the 
- preceding trial decreased as the probability 
a correct prediction increased. In con- 


the probability of a correct prediction. 
nce the stimulus sequences were de- 
pendent upon Ss’ predictions, the relative 
frequencies of the stimulus alternatives and 
of a stimulus repetition could have varied 
markedly between Ss, and thus bias the 
Observed effects of cu 


PO on choice RT. Two additional analyses 
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we 


To study stimulus probability effec: 
more probable stimulus alternative w 
termined separately for each S and t! 
lowing factorial performed: 3 (Grow. 
2 (Current PO) X 2 (Preceding PO 
(Stimuli, i.e., more frequent vs. les: 
quent alternative). As in the pr 
overall analysis, only main effects of c 
PO and preceding PO were obtained 
only the following interactions were 
able: Group X Current PO, Group X 
ceding PO, and Current PO X Prece 
PO (all ps < .05). A main effect of st 
lus was not found, F (1, 57) = 2.61, .2 
b > .10, and the stimulus variable did | vt 
interact with any other variable (all / 
25). The lack of a stimulus probabi! 
effect is not surprising since the mean p: 
ability for the more frequently occur: 
stimulus was .535 for Group 30, .520 
Group 50, and .522 for Group 70. In í 
the greatest degree of frequency imbala: 
for any S was only 6%. 

Second-order effects of the stimulus p: 
entations were studied by categorizing R 
of each S according to the current PO (c 
rect or incorrect), the current stimu! 
(more probable or less probable), an. 
the second-order stimulus pattern (curren. 
stimulus is a repetition or an alternation) 
Only two main effects were obtained fron 
the analysis of variance: RTs were shorte 
to correct than to incorrect POs (p < .001) 
and RTs were shorter to a stimulus alterna 
tion than to a stimulus repetition, F (1, 
57) = 6.47, p < .025. Only two interac 
tions were reliable: Group X PO (p < .01) 
and PO X Stimulus Pattern, F (1, 57) = 
20.79, p < .001. The latter interaction 
indicates that a reliable alternation effect 
occurred only when Ss’ prediction was in- 
correct. That is, following incorrect POs 
the average RT to a stimulus alternation 
was 578 msec. and the mean RT to a stimu- 
lus repetition was 597 msec., but for correct 
POs these means were 524 msec. and 530 
msec., respectively. 

For both correct and incorrect POs the 
mean probabilities of a stimulus repetition 
did not deviate prominently from .50. 
Specifically, for Group 30 the mean proba- 
bility of a stimulus repetition was .515 for 


kv PX 


and .458 for incorrect POs; re- 
^ese pairs of repetition proba- 
50 and .460 for Group 50, and 


correct POs 
spectively, 
bilities we: 


471 and .5° for Group 70. 
DISCUSSION 

Like \\ ın and Geller (1973), the results 
demonstra: i that RT to correctly predicted 
stimuli wa- : decreasing function of the prob- 
ability of »rect prediction, but that RT to 
incorrectly ..edicted stimuli was not reliably 
influence the probability of a correct pre- 
diction. ıs, the influence of the probability 
of a corr: prediction on first-order effects of 
predictio: tcome confirmed one hypothesis 
develope: m continuous expectancy theory. 
The lac! ı reliable effect of the prediction 
outcom: ^ability on RT to incorrectly pre- 
dicted i failed to support a second ex- 
pectanc) thesis. 

The fi that the influence of preceding 
PO wa cr when a stimulus was correctly 
predicte n when a stimulus was incorrectly 
predict: plicated the results of Whitman 
and Ge 1971, 1972). In addition, the 
probabi! { a correct prediction reliably in- 
fluenced effect of preceding PO on RT to 
correct! -dicted stimuli so that the preced- 
ing PO. ct decreased directly as the proba- 
bility oi correct prediction increased. A 
plausible «planation for this finding is that Ss 
in the .7 condition were so confident in their 
predicti that there was little sequential 
fluctuation in their stimulus expectancies, and 
consequently a relatively reduced effect of 
preceding PO occurred. On the other hand, 
Ss in the .30 condition did not develop an over- 
all high degree of expectancy for the stimuli 
predicted, and therefore each PO may have 


influenced a greater sequential change in confi- 
dence for the stimuli predicted, hence a greater 
sequential effect of PO. 

Àn alternative explanation for the differen- 
tial effects of current and preceding PO be- 
tween the experimental conditions of the pres- 
ent study is based on the premise that the 
between-S differences were the result of higher 
order sequential effects of PO. Given a cor- 
rectly predicted stimulus, Whitman and Geller 
(1972) observed RT to be a decreasing function 
of the number of preceding correct predictions 
and an increasing function of the number of 
preceding incorrect predictions. Hence, the 
present finding that RTs to correctly predicted 
stimuli preceded by incorrect POs were consid- 
erably longer for Group 30 than for Group 70 
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may have been due to the more frequent occur- | 
rence of preceding incorrect POs in the .30 | 
condition than in the .70 condition. Similarly, — 
the observation that reaction latencies to cor- ~ 
rectly predicted stimuli were shorter for Group 
70 than for Group 30 may have been due to the 
greater number of correct predictions preceding — 
each reaction in the .70 condition than in the  - 
-30 condition. It is noteworthy that both in- 


terpretations of the present results include the | 
assumption that S's preparedness to identify a 
correctly predicted stimulus varies continu. 
ously as a function of S's previous prediction 
success. Correct predictions on previous trials 
increase S's expectancy for a predicted event . 
and facilitate RT to a correct PO; prior incor- E 
rect predictions decrease S’s expectancy for a 
predicted stimulus, and thus the response facili- 
tation due to a correct prediction is lessened. 
Categorizing RTs according to stimulus - 
probability and second-order stimulus patterns 
before analyzing the effects of current PO, 
preceding PO, and PO probability demonstra- 
ted the observed PO effects to occur independ- 
ently of first- and second-order stimulus fac- 
tors. Reactions to nonpredicted stimuli were 
significantly influenced by stimulus patterns 
(i.e, shorter RT to an alternation than to à 
repetition), but were not prominently influ- 
enced by preceding PO nor by PO probability. 
However, choice reactions to correctly pre- 
dicted stimuli were significantly influenced by 
preceding PO and PO probability, but not by 
second-order stimulus factors. Likewise, Whit- 
man and Geller (1972) observed effects of 
stimulus patterns on RT to be more prominent 
following incorrect than correct POs, whereas 
sequential effects of PO were more marked 
following correct than incorrect POs. $ 
Differential effects on RT to correct and in- 
correct POs suggest that an expectancy inter- 
pretation must define two separate processes: 
one to account for variations in RT facilitation 
following correct predictions and another to 
explain changes in reactions inhibited by an ~ 
incorrect prediction. À two-process expectancy 
model is also necessary to explain the recent 
observations that RT to correct POs varied 
inversely with Ss’ confidence in their stimulus. 
predictions, but RT to incorrect POs did not 
vary significantly as a function of Ss’ prediction | 
confidence (Geller & Whitman, 1973). Follow- 
ing correctly predicted stimuli, the significant - 
variations of RT as a function of preceding PO, 
PO probability, and prediction confidence can - 
be explained with the general expectancy hy- 
pothesis that RT facilitation increases directly | 


ES 


ncreases in stimulus expectancy. On the 
r hand, reactions to nonpredicted stimuli 
pparently inhibited by Ss’ incorrect pre- 
iction, but the degree of inhibition has not 
prominently manipulated by changes in 
eding PO, PO probability, nor by Ss' pre- 
ction confidence. 
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ORING AND RETRIEVING INFORMATION ABOUT 
ORDERED RELATIONSHIPS! 
GEORGE R. POTTS? 
Dartmouth College 
ibjects learned and answered questions about four- or six-item linear order- 
igs (e.g., Tom is taller than Dick who is taller than Sam, etc.). Such an 
rdering is comprised of some adjacent pairwise relations that are necessary 
; the establishment of the ordering (e.g., Tom is taller than Dick, Dick is 
caller than Sam) and some remote relations that are deducible (e.g., Tom is 
(aller than Sam). 
horter than reaction time to the adjacent relations. This effect reflects the 
peration of two separate factors. First, reaction time is very short to test 
cntences which begin with one of the end terms of the ordering. Second, 
with end term effects eliminated, reaction time is a simple monotonic decreasing 
unction of inferential distance; the more remote, the shorter the reaction time. 
Most nt accounts of how meaning- 
ful ma is encoded and stored assume 
that th ividual sentences in the text are 
combi th with each other and with Ss’ 
genera! nowledge of the world to form 
an ab: representation of the general 
idea ui ing the passage. In an attempt 
to dis the nature of these abstract 
represc ions, Potts (1972) presented .Ss 
with a :graph describing a linear order- 
ing of : terms (e.g., Tom is taller than 


Dick ; ‘ic is taller than Sam; Sam is 


taller t^. : Pete). Such an ordering (which 
will be . «aracterízed as A > B > C > D) 
is comt: sed of six pairwise relations. The 
three «¿jacent pairs (A > B, B >C, C 
> D) «e necessary to the establishment 
of the ordering. The three remote pairs 
(A > B > D, A» D) are deducible 


from some subset of the adjacent pairs.* 
After studying the ordering, Ss were tested 
for their knowledge of all six pairs. Pro- 


1 Portions of this paper were presented at the 
meeting of the Psychonomic Society, St. Louis, 
Missouri, November 1973. 

2 Requests for reprints should be sent to George 
R. Potts, Department of Psychology, Dartmouth 
College, Hanover, New Hampshire 03755. 

? [t should be noted that the designation of one 
end term of the ordering as A and one as D is 
not arbitrary. When taking notes, Ss are con- 
sistent in arranging the terms of the ordering in 
such a way that the best, tallest, largest, etc. is 
on the top or left. This term is designated as A. 
The worst, shortest, smallest, etc. term is con- 
sistently placed on the bottom or right. This term 
is designated as D. 


Reaction time to the remote relations was consistently 


portion correct was higher and reaction 
time shorter on the remote pairs than on 
the adjacent pairs. This was the case 
even when the remote pairs were never 
presented and thus had to be deduced from 
the adjacent pairs. This result clearly 
contradicts any theory which argues that, 
in the interests of cognitive economy, Ss do 
not store deducible information. If the 
deducible remote pairs were not stored, 
then Ss must have deduced them in the 
process of responding to the test sentences. 
This would have resulted in long reaction 
times to these remote pairs. Hence, one 
must conclude that Ss in Potts’ experiment 
inferred and stored information about the 
remote pairs along with the information 
that was actually presented. Many ques- 
tions remain, however, regarding the form 
in which such inferences are stored. Potts 
described two possible alternatives. 

Some researchers (e.g., Huttenlocher, — 
1968) have proposed that Ss encode linear — 
orderings by placing the terms of the - 
ordering on an imaginary scale. One 
could argue that the terms comprising the 
remote pairs, being farther apart on the 
scale, are more discriminable than the 
terms comprising the adjacent pairs. If 
the physical distance between two terms | 
on some imaginary scale were the only 
factor affecting reaction time, however, - 
then one would expect the relative ease 
or difficulty of the six pairs to be the 
same for true and false sentences. This | 
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was not the case. Potts observed a strong 
interaction between the specific pair tested 
and the truth value of the test sentence. 
Specifically, reaction time to true sen- 
tences beginning with the first term (A) 
in the ordering (eg., A > B?) were shorter 
than reaction times to the corresponding 
‘false sentences ending with the term A 
(eg, B» A?) Reaction time to true 
sentences ending with the last term (D) 
in the ordering (eg, B > D?) on the 
‘other hand, were longer than reaction 
times to the corresponding false sentences 
"beginning with the term D (e.g., D > B?). 
— To account for this interaction, Potts 
proposed that Ss learn not only the order- 
ing of the four terms but also that A is 
‘the first term and that D is the last. 
- In responding to a test sentence, Ss adopt 
“the strategy of examining the first term 
in the sentence to see if it is the first or 
last term in the ordering. If it is the first 
term, they respond "true" immediately ; 
if it is the last, they respond "false" 
immediately. Only when the first term 
in the sentence is neither A nor D do 
they go on to process the second term. 
Such a strategy accounts for the observed 
interaction nicely; and since the remote 
- pairs contain more end terms on the aver- 
age than do the adjacent pairs, it also 
‘accounts for the short reaction time to 
these remote pairs. 

While Potts' original result does not 
“enable one to decide conclusively between 
these two alternatives, it does seem clear 
| hat these data are inconsistent with a 
E- model which argues that Ss simply deduce 
- and store some of the remote pairs (cf. 
Potts, 1972). Anderson and Bower (1973) 


have proposed just such a model to ex- 
plain how Ss encode linear orderings. 
Though they acknowledge that their model 
appears to predict a monotonic increasing 
relationship between inferential distance 
and reaction time (i.e, the more remote, 
the longer the reaction time), they argue 
that two methodological considerations 
prevent Potts' data from providing a criti- 
cal test of this model (1973, p. 409). First, 

they argue that the error rate in Potts' 

experiment was too high to enable one to 
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interpret the reaction time scores 
confidence. Second, acknowledging 
viability of the end term processing 
pothesis, Anderson and Bower argue 
their prediction holds only for pair 
containing an end term. Since in a 
term ordering there is only one pair v 
contains no end term, Potts’ original : ilt 
does not constitute a critical test of air 
model. A third limitation of Potts’ o- zi- 
nal result is that the number of difio nt 
paragraphs employed in that study vas 
too small (only two different order: igs 
were used) to enable one to generalize to 
materials as well as to Ss. 

Experiment | of the present series 
designed to replicate Potts’ original re 
using a much larger sample of paragra 
and under conditions which yielded \ 
few errors. Extended training was g! 
to [our Ss. The reaction time profile 
these four Ss are presented to insure ! 
the group profile accurately reflects 
data of individual Ss. Given the des 
of Experiment I, it would be possible '^r 
Ss in that experiment to adopt a strat: 
of rehearsing the four-term ordering 
short-term memory (STM) while respo::! 
ing to the series of test sentences. l 
periment II presents reaction time da 
collected under conditions designed to mc: 
sure the time required to retrieve inforn: 
tion from long-term memory (LTM). Ex- 
periment III unconfounds the effects of 
inferential distance and number of end 
terms by examining the reaction time 
profile on the four inner terms of a six- 
term ordering. 


EXPERIMENT | 
Method 


Subjects. The Ss were 10 Dartmouth under- 
graduates who participated to fulfill a course re- 
quirement. Each participated in two 40-min. ses- 
sions with 1 day intervening between the two 
sessions. 

Materials. Materials consisted of a set of 20 
paragraphs, each describing a four-term linear 
ordering (A > B > C > D) All terms were com- 
mon one-syllable nouns of three to six letters, and 
no two terms of any one relation began with the 
same letter. The terms used for each ordering 
were chosen and arranged so that they followed 
no “natural” order apparent to either the author 


it. The comparative adjectives used 


or his assist 


jn each pa h were chosen from the linguisti- 
cally unmarked better, more, deeper, thicker, 
taller, higher, faster, and longer. Each ordering 
was described by presenting the three adjacent 
pairs comp that ordering (A > B, B >C, 
Cy T! er of presentation of these pairs 
was varied imple paragraph is given below. 

In art , Sally showed her nature paint- 
ing to the teacher., Her teacher felt that 
certain pa of the picture were drawn better 
than oth: (he teacher said her tree was 
better th r grass, her sky was better than 
her bird, «3 her bird was better than her tree. 
Upon he: this, Sally decided to drop art 
and maj psychology. 

A set of cst sentences (6 true and 6 false) 
was used to Ss’ knowledge of the information 
in each par The 6 true test sentences con- 
sisted of 2 ament of the six pairs (three ad- 
jacent and :! remote) comprising the ordering. 
For each t: est sentence (eg, A > B?) there 
was a cor iding false sentence comprised of 
the same tv «ms in reverse order (e.g B > A?). 
All test s es employed the linguistically un- 


rm of the comparative adjectives. The 
vere listed on a computer printout 
The order of presentation of the 


andomized for each paragraph and 


marked f. 


ntation 
sentenc 


for each 

Procedure. After having heard the initial in- 
structions, were given a sheet of paper on which 
the first paroxraph was typed. They were allowed 
as much time as they needed to study the para- 
graph and were given a paper and pencil which 
they could ise to take notes. When S indicated 
he was ready, the paragraph and notes were taken 
away, and he began responding to the first set 
of questior 

The stimulus sentences were presented to each S 
one at a tim use of the paper-advance mecha- 


nism from a high-speed printer. The Ss responded 
by pushing one of two microswitch buttons on à 
response box in front of them: the button marked 
"true" if they felt the sentence was true the 
button marked "false" if they felt the sentence 
was false, A Lafayette Model 54517 millisecond 
reaction time clock was started simultaneously 
with the presentation of a test sentence and was 
stopped automatically when one of the response 
buttons was pressed. After responding to à test 
sentence, S's response and reaction time were 
recorded manually by E. The next test sentence 
was then presented. This procedure was repeated 
until all 12 test sentences pertaining to the first 
paragraph had been presented. After responding 
to these 12 test sentences, the second paragraph was 
presented for Ss to study. à 

The Ss learned 10 of the paragraphs during the 
first session and the remaining 10 during the cu 
The first paragraph in each session was treated as 
a warm-up and was not scored. The Ss were 
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REACTION TIME (sec) 
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Ficure 1. Reaction time profile for the 12 sen- 
tences used to test the time required to retrieve 
information about a four-term ordering. 


instructed to respond to each test sentence as fast 
as possible but not to sacrifice accuracy. The 
importance of not making errors was stressed. To 
reduce the error variance of the reaction times, 
Ss were instructed to position their hands so that 
their left thumb rested on the left response button 
and their right thumb rested on the right response 
button. For each S, the labeling of the buttons 
was reversed in the two sessions. For approxi- 
mately half of the 5s, the buttons were labeled 
irue-false during the first session and false-true 
during the seond. For the remaining Ss, the 
buttons were labeled false-true during the first 
and true-false during the second session. The Ss 
were alerted to the shift in button position prior 
to participating in the second session. 


Results and Discussion 


Overall proportion correct was .95. 
Mean reaction times to the adjacent and 
remote pairs were 1.79 and 1.45 sec. 
respectively. Averaging over paragraphs, 
this superiority on the remote pairs was | 
demonstrated by all 10 Ss (p= .002) ; 


averaging over Ss, this effect was observed 


or all 18 scored paragraphs. Hence, the 
results of Potts (1972) were confirmed. in 
that reaction time to the remote pairs, 
which had to be deduced, was consistently 
shorter than reaction time to the adjacent 
pairs, which were actually presented. 

The reaction time profile for the 12 test 
sentences, averaged over Ss and para- 
graphs, is presented in Figure 1. A simple 
distance model makes a total of nine 
ordinal predictions for true sentences and 
nine for false sentences. According to 
such a model, reaction time to the pair 
A > D should be shorter than reaction 
time to any of the other five pairs; reac- 
tion time to the pair A > C should be 
shorter than reaction time to either A > B 
or B > C; and reaction time to the pair 


time to either B > C or C > D. Exami- 
nation of Figure 1 reveals that all 18 ordinal 
predictions are satisfied by the present data. 
A simple distance model cannot account 
for all of the present data, however. 
Figure 1 reveals the presence of a strong 
interaction between type of pair and truth 
value of the test sentence. When tested 
using a Type of Pair X Truth Value re- 
peated measures analysis of variance, this 
interaction proved to be highly significant, 
F (5, 45) = 23.78, p < .001. Reaction 
times to true sentences beginning with A 
(e.g., A > B?) were shorter than reaction 
- times to the corresponding false sentences 
ending with A (eg., B > A?). Reaction 
times to true sentences ending with D 
—— (eg, B > D?), on the other hand, were 
- longer than reaction times to false sen- 
tences beginning with D (e.g., D > B?). 
As noted earlier, the end term processing 
Strategy described by Potts (1972) ac- 
counts for this interaction nicely. It makes 
two other predictions as well. If S has 
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“Most of the effects described in this pa. 

highly consistent over both Ss and Borde 
Wherever feasible, I have reported the number of 
E and paragraphs showing each particular effect 
described. In the case of Ss, whose scores are 
assumed to be independent, this number can be 
evaluated statistically using a sign test. This was 
done; and the exact two-tailed probability of that 
result, or one more extreme, is presented in paren- 
theses after each statement. 


B» D should be shorter than reaction - 
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successfully stored the fact that th. term 
A is first, then reaction times to . test 
sentences having an A as their fire ‘erm 
should not only be short but also id: ical. 
This follows from the fact that if S:  !izes 


that the first term in the test sente e is 
the first term in the ordering, ^ will 
respond "true" immediately, withov — oth- 
ering to process the second term. Th: res- 
ent data support this prediction i hat 
reaction times to the three test sen: ices 
beginning with A are uniformly shor: 

If S has successfully stored the in 
tion that D is the last term in the: ler- 
ing, then reaction times to all thre est 
sentences beginning with D should « . be 
uniformly short. This was not the se. 


na- 


Though the three sentences beginning ith 
D were indeed next shortest, the: re 
not all equal. Reaction time to thv air 
D > A? was noticeably shorter thi. ve- 
action time to the average of the irs 
D > B? and D» C?. Averaging er 
paragraphs, this effect was found fc all 


10 Ss (p = .002); averaging over Ss, is 
obtained on 14 of the 18 paragraphs 

One possible explanation for this e: -ct 
is that, though virtually all Ss store . nd 
use the information that A is the i st 
term in the ordering, only some Ss code 
the fact that D is last. Only those tat 
do store this information will have și- 
formly short reaction times to sentences 
beginning with D. 

Individual subjects’ data. One way to 
test this hypothesis would be to collect 
enough data on each S to enable one to 
look at the reaction time profiles of indi- 
vidual Ss. To this end, four Ss were paid 
$12 apiece for participating in six 40-min. 
sessions (10 paragraphs per session, three 
trials on each of the 20 paragraphs used 
in the main study). The apparatus, ma- 
terials, and procedure were identical to 
those employed in the main study except 
that as S responded, his responses and 
reaction times were entered manually onto 
the Dartmouth Time-Sharing Computer 
System via a teletype in the experimental 
room. This made it possible to inform Ss 
of the number of errors they had made 
after each block of 12 sentences. 


REACTION TIME (Standardized) 
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Reaction time profile of four individual Ss. (The reaction times for each S were 


normalized by dividing by the standard deviation of that S's scores.) 
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Ovcriii proportions correct for Ss MB, 
RL, PG, and XZ were .98, .91, 1.00, 
and .97, respectively. Reaction times to 
remote pairs were shorter than reaction 
times to adjacent pairs for all four Ss. 


Figure 2 presents the reaction time profile 
for each of these four Ss. 

As can be seen, the reaction time pro- 
files of individual Ss match closely the 
group averages. For all four Ss, reaction 
times were shortest to sentences beginning 
with A. Two Ss (MB and RL) demon- 
strated uniformly short reaction times to 
sentences beginning with D. The remain- 
ing two Ss did not show this effect. In 
view of this, it does not seem unreasonable 
to argue that though all Ss may code and 
use the information that A is the first 


term in the ordering, only some Ss code 
and use the information that D is the last. 


EXPERIMENT II 


It is conceivable that Ss engaged in con- 
tinuous sequential verbal rehearsal of the 
ordering while proceeding through the set 
of test sentences. It is important to de- 


termine whether the effects obtained in | 


Experiment I are also obtained when Ss 
are forced to retrieve information from 
LTM. To answer this question, Ss in 
Experiment Il studied three paragraphs 
simultaneously. After studying the three 
paragraphs, Ss responded to a set of 36 
test sentences. These sentences were ran- 
domly permuted with the restriction that 
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‘no 2 consecutive test sentences pertained 
‘to the same paragraph. 


- Method 


y The Ss were 13 Dartmouth College under- 
E graduates who participated to fulfill a course 
requirement. Each participated in two 40-min. 
ssions, The material, apparatus, and procedure 
ere identical to those employed in Experiment I 
except for the modifications described herein. The 
"same 20 paragraphs were employed. Fora warm-up 
prior to each session, Ss read one paragraph and 
- responded to the set of 12 test questions pertaining 
-to that paragraph. The remainder of the session 
-was divided into three blocks. During each of 
"these blocks, Ss studied a set of three paragraphs. 
‘As in the previous experiment, Ss were given as 
"much time as they needed to study the paragraphs 
and were allowed to take notes if they desired. 
‘When they indicated that they were ready, the 
_ paragraphs and notes were taken away, and Ss began 
“to respond to a set of 36 test questions, 12 from 
~ each of the three paragraphs. The order of pres- 
entation of the 36 test sentences was permuted 
- for each block of paragraphs and for each S. The 
- only restriction to the order of presentation of the 
test sentences was that no 2 consecutive sentences 
‘could pertain to the same paragraph. 
- After each response, that response and its reac- 
-tion time were manually entered onto the Dartmouth 
jme-Sharing System, and after each block of 36 
trials, Ss were informed of the number of errors 
they had made. As in the previous experiment, 
~ during the first session, the response buttons were 
rranged true-false for some Ss and false-true for 
‘others, For all Ss, the arrangement of the buttons 
. was reversed for the second session, and Ss were 
alerted to the shift. 


Results and Discussion 


js XA 

_ Performance was surprisingly good on 
this very difficult task. Overall proportion 
correct was .95. Mean reaction times to 
the adjacent and remote pairs were 2.22 
and 2.02 sec. respectively. Averaging 
ver paragraphs, this superiority on the 
emote pairs was demonstrated by 12 of 
the 13 Ss (p = .004); averaging over Ss, 
this effect was found on 17 of the 18 scored 
paragraphs. The reaction time profile was 
quite similar to the one obtained in Ex- 
periment I, except that the unusually short 
reaction time to the sentence D > A? was 
less pronounced in the present experiment. 
Only 9 of the 13 Ss showed a shorter 
reaction time to this sentence than to the 
average of the sentences D » B? or D 
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>C? (p=.27). A two-way repeated 
measures analysis of variance again found 
the Type of Pair X Truth Value iter- 


action to be significant, F (5, 60) = 5.04, 
p< .001. Hence, the results ob: 

when Ss are forced to retrieve inform 
from LTM are very similar to the r: 
obtained using the standard paradign:, 
the superiority of the remote pairs i: 
readily apparent. 


EXPERIMENT III 


It appears that the reaction time pr: ‘ile 
for a four-term ordering can be effecti. cly 
explained in terms of an end term poc- 
essing strategy such as the one proposed 
by Potts (1972). One must therefore 
question whether the distance notion ias 
any validity at all or if, in fact, Ande on 
and Bower (1973) are correct in predic! ing 
that when the effects of the end te ns 


are eliminated, the relation between n- 
ferential distance and reaction time ~ill 


turn out to be positive. Experiment '!I 
attempts to answer this question by ex:in- 
ining the reaction time profiles for a =x- 
term ordering. The inner four terms of 
such an ordering provide a test of ihe 


distance hypothesis that is unconfoun. «d 
by number of end terms. 


Method 


The Ss were 24 Dartmouth College under- 
graduates who participated to fulfill a course re- 


quirement. Each participated in two 40-min. ses- 
sions with 1 day intervening between sessions 

The study materials consisted of a set oí 12 
paragraphs, each describing a single six-term linear 


ordering. The terms of the ordering were subject 
to the same constraints employed previously. The 
ordering was established by presenting the five 
adjacent pairs in the chained order: A > B, B > C, 
C>D,D>E,E>F. The Ss studied half of 
the paragraphs during each session. As before, 
the first paragraph of each session was treated as 
a warm-up and was not scored. The Ss were given 
as much time as they desired to study each para- 
graph. and were then tested on the information 
contained in that paragraph. 

The test materials for each paragraph consisted 
of 30 sentences (15 true and 15 false) describing 
all possible pairwise relations between the terms 
of the ordering. Responses and their reaction times 
Were again entered manually onto the Dartmouth 
Time-Sharing System, and after each block of 30 
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sentences, Ss were informed of the number of 
errors they had made. The arrangement of the 
response buttons was again counterbalanced across 
Ss, and the arrangement for a particular S was 
reversed for the second session. 


Results and Discussion 


Overall proportion correct was .97. 
Overall reaction times to the adjacent and 
remote pairs were 2.39 and 1.97 sec., re- 
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Reaction time profile for the 30 sentences used to test the time 
required to retrieve information about a six-term ordering. : (Those sentences 
containing an end term, A or F, are designated by solid lines; dashed lines 
are used to designate sentences containing only inner terms, B-E.) 


FALSE 


spectively. Averaging over paragraphs, | 
this superiority on the remote pairs was 
demonstrated by all 24 Ss (p « .001); 
averaging over Ss, it was found for all 
10 scored paragraphs. To understand the 
nature of this effect, examine the reaction — 
time profile presented in Figure 3. 4 


The importance of the end terms be- | 
comes apparent when one examines the - 
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reaction time profile for the nine pairs 
“which contained an end term. These pairs 
‘are designated by the solid lines in Fig- 
ure 3. Reaction times were again uniform 
and shortest to the five test sentences 
beginning with the first term (A) in the 
ordering and relatively short to the five 
“sentences beginning with the last term (F). 
When these nine pairs were analyzed 
“using a two-way (Type of Pair X Truth 
Value) analysis of variance, the interaction 
“was found to account for 52% of the 
‘within-S variance and was highly signifi- 
"tant, F (8, 184) = 21.06, p < .001. The 
Es effects of both type of pair and truth 
"value of the test sentence were also highly 
significant, F (8, 184) = 13.76, p < .001, 
and F (1, 23) = 3847, P < .001, 
respectively. 
. Examination of the reaction time profile 
‘for the six inner pairs (designated by the 
dashed lines in Figure 3) reveals a very 
different pattern. The reaction times to 
"these pairs were also analyzed using a 
two-way repeated measures analysis of 
variance. The interaction, which was 
highly significant and accounted for 52% 
“of the within-S variance for pairs with an 
end term, accounted for virtually no vari- 
ce among these inner pairs and did not 
pproach significance, F (5, 115) — .26, 
= .93. The main effect of truth value 


< 001. This reflected the fact that 
action times to true sentences pertaining 
o these inner pairs were consistently 
horter than reaction times to the cor- 
esponding false sentences. 
The main effect of type of pair was 
highly significant, F (1, 115) = 11.23, p 
= = 001. Examination of Figure 3 reveals 
- that this reflects the presence of a clear 
-inverse relationship between reaction time 
and inferential distance; the more remote 
pair, the shorter the reaction time. All 
18 ordinal predictions of a distance model 
were satisfied. For these inner pairs, 
|| average reaction times to the adjacent 
and remote pairs were 2.67 and 2.38 sec., 
respectively. Averaging over paragraphs, 
“this superiority of the remote pairs was 
shown by all but 1 of the 24 Ss (5 < .001); 


averaging over Ss, this effect was s^ ^ 
for all 10 scored paragraphs. Hence. re- 
action time to the remote pairs is sis f- 
cantly shorter than reaction time tc he 
adjacent pairs even when end term e! «ts 
are eliminated. 


GENERAL DISCUSSION 


The present reaction time data ind: -te 
that neither a distance model nor an 1 
term processing model is sufficient, in an of 
itself, to account for the way Ss stor d 
retrieve information about ordered rela 
ships. Scholz and Potts (1974) came i a 
similar conclusion upon analyzing the nun: r 
of errors made in a similar task. The pro t 
data can be accounted for, however, |) : 
model which assumes that Ss can store ) 
kinds of information about an item. 
kind consists of some measure of the » 
nitude or position of the item with res; 
to the other items in the ordering. If 
item is an end term, Ss may also have st: 
the information that the item is first or ! 
in the ordering. 

Typically, in responding to a test sente: 

S will examine the first term in the 
sentence and retrieve the information he ! 
stored about it. He will then do the sa: 
for the second term in the test senten 
perform some comparison operation, and 
the basis of the results of that operati 
respond "true" or "false," The time requir: 
to complete the comparison operation is p 
sumed to be inversely related to the distan: 
separating the two terms; the larger t^ 
distance, the shorter the reaction time. If the 
first term in the test sentence is an end terin 
and S has stored the fact that it is first or 
last, however, he can bypass both the retrieval 
of the information about the second term and 
the comparison stage. If this first term in 
the test sentence is A, he can respond im- 
mediately that the sentence is true; if the 
first term is D, he can respond immediately 
that it is false. 

According to this model, the end term must 
appear as the first term in the test sentence 
in order to facilitate reaction time, If the 
end term is the second term in the test sen- 
tence, then Ss must retrieve information about 
both terms just as when there are no end 
terms, and the benefit of having an end term 
is lost. The present model easily accounts 
for the interaction between specific pair tested 
and truth value of the test sentence. Reac- 
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> true sentences containing the 
shorter than reaction times to 
s containing A because only in 
ce does the A appear as the first 
> B?). Similarly, reaction times 
ences containing the term D are 
action times to true sentences 
he term D because only in a false 
: the D appear as the first term 
^. The model predicts reaction 
sentences beginning with A or D 
ily short but also uniform. The 
confirm this prediction for sen- 
uing with A but not for sentences 
1 D. This discrepancy can be 

r by arguing that not all Ss code 
ct that D is last. The individual 
n Experiment. I provides evidence 


in ssumption is not unreasonable. 
t critical piece of data in the 


ly is the fact that, contrary to 


ions of Anderson and Bower (1973), 
‘ue to the remote pairs remains 


v shorter than reaction time to 
t pairs even when the confounding 


with number of end terms is eliminated. 
fact, removal of the end term effect serves ti 


interaction between type of pair and trut! 
value disappears completely in this case 
Reaction time to these inner pairs is a simple 
monotonic decreasing function of inferential 
distance; the more remote the pair, the short 
the reaction time. 
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FREE-RECALL PERFORMANCE AS A FUNCTION 
OF OVERT REHEARSAL FREQUENCY’ 
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University of Colorado 


Both overt and silent rehearsal conditions were examined under both simul- 
taneous and successive free-recall list presentation, using unrelated words 
both on a varied-order multitrial list and on another list with one isolated 
item. Simultaneous presentation produced better recall and increased re- 
hearsals which were more consistent both with input and recall output orders 
than under successive presentation, but neither showed substantial relation- 
ships of rehearsal to recall organization. Item rehearsal-recall correspond- 
ences were minimal on later trials, reflecting maximal rehearsal of newly 
recalled items. Isolated-item recall was markedly facilitated despite no in- 
crease in rehearsals thereof, contrary to Rundus' findings in 1971. Thus, 
notable exceptions exist to any causal dependence of free-recall performance 


Single-trial free-recall performance has 
been shown to be closely related to re- 
hearsal frequency, at least under certain 
onditions (e.g., Fischler, Rundus, & At- 
ason, 1970; Rundus, 1971; Rundus & At- 
son, 1970). On later trials, however, 
ere is suggestive evidence of decrements 
such recall-rehearsal relationships, pri- 
ily with categorized word lists (Weist, 
72). 

The present study was designed to ex- 
ine more fully any changes over trials 
recall-rehearsal relationships, using lists 
unrelated words to minimize any con- 
aints on the nature of such relation- 
ps. Simultaneous as well as successive 
ntation conditions were employed to 
rther maximize S's freedom to rehearse 
words in any order. Also included 
rein were silent and forced, as well as 
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upon rehearsal activity, possible explanations for which are discussed. 


free overt rehearsal conditions, along wi 
one trial on a list with a single isolato] 
item as well as multiple trials on hon 
geneous lists. 

Of particular interest herein is the p 
sibility that previously demonstrated :.- 
call-rehearsal relationships may- be elin: 
nated or even reversed on later trials du: 
to S's special attention during study t> 
previously unrecalled items which su! 
sequently tend to be recalled first before 
they can be forgotten (Battig, Allen, & 
Jensen, 1965; Brown & Thompson, 1971). 
More specifically, items rehearsed and co: 
rectly recalled on the first trial may be 
rehearsed less on subsequent trials, wherein 
rehearsal activity is devoted primarily to 
previously unrecalled items, some of which 
therefore become the first to be recalled. 
An empirical evaluation of this possible 
explanation for reduced recall-rehearsal 
relationships on later trials thus represents 
a major purpose of the present experiment. 

Also of direct concern here is the extent 
to which free-recall items become asso- 
ciated or organized together on the basis 
of their rehearsal or input contiguity, for 
which Weist (1972) provides evidence with 
unrelated as well as categorized word lists. 
According to Wallace (1970), free-recall 
output organization can be accounted for 
in terms of “contiguity of experience" 
produced by the order in which S actively 
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E process 


i ər rehearses items as well as 


order during input or output. 
present experiment includes more 
analyses of rehearsal contiguity 
to both recall output order 
entation order. 

itter analyses also permit de- 


actual i 


tailed :luations of any effects of the 
greate: lom in study and/or rehearsal 
under ss vultaneous as compared with the 
successiv: presentation conditions used ex- 
clusiv« ı previous studies involving overt 
rehea: Previous research (e.g., Wino- 
grad, (oun & Rand, 1971) indicates, at 
best, soll differences in overall recall per- 
formance between simultaneous and suc- 
cessi\ sentation, but these may still 
differ s: stantially as to type(s) of process- 
ing l/or organizational strategies 
employed. 

Immediately following the multitrial 
lists, «!! 5s served under a partial replica- 
tion of tundus' (1971) study of rehearsal 
and ul in a list containing a single 
isolat item. Rundus’ explicit instruc- 
tions Ss to be sure to remember the 
isolat-; item could have partially ac- 
counted for his finding of markedly greater 
rehear;;! as well as recall of the isolated 
item, along with similar findings by Belleza 
and Cheney (1973). To eliminate any 


instructional confounding, the present Ss 
Were viven no special instructions con- 
cerning memory for the isolated item. 
Thus the role of distinctiveness of the 
isolated item in producing the “von Res- 
torff effect,” as contrasted with special 
attention and/or overt rehearsal (Wallace, 
1965), could be directly evaluated. 


METHOD 


Design and procedure. The present design in- 
cluded five groups differing as to type of item 
rehearsal (silent, free, or forced) and/or mode of 
list presentation (successive or simultaneous). 
Silent rehearsal conditions were those typical of 
Íree-recall experiments with no overt rehearsal 
being required. Under free rehearsal conditions, 
_ Ss were instructed to rehearse aloud any list words 
they thought of during study and to fill the entire 
study interval with such overt rehearsal. Both 
silent and free rehearsal conditions were run both 
for successive presentation of the 24 list words 
. individually at a 5-sec. rate and for simultaneous 
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presentation of the entire list in four columns of ^ 
6 words each for 2 min. Forced rehearsal, however, _ 
was used only for successive presentation, because 
its requirement that S rehearse each word only 
during its actual presentation becomes indistinguish- 
able from free rehearsal when all words are pre- 
sented simultaneously. Rehearsals by the suc- | 
cessive-forced groups were maintained at a regular 
rate of from four to six rehearsals per item, set to 
match the total number of rehearsals by the pre- 
viously run successive-free group. 4 
Each S in all five groups (labeled successive= 
silent, simultaneous-silent, successive-free, simul 
taneous-free, and successive-forced) served in a 


of seven trials divided among three nonoverlapping 
24-word lists. The first two trials were on a prac- - 
tice list used only to familiarize Ss with the general ^s 
procedure. The multitrial list was then presented ` 


Restorff (VR) list which contained a single isolated. .— 
item. Each trial always began with 2 min. for 
simultaneous or successive (5 sec/item) presenta- E 


written recall. 

Materials and apparatus, The practice list co 
sisted of 24 three- to nine-letter words which were 
minimally similar to words used in the subsequent 
multitrial and VR lists. The latter lists, used 
previously by Rogers and Battig (1972), were both. 
composed of 24 maximally unrelated common four- 
letter words. In the third list (VR) Item 12 was 


letters as contrasted with capital letters for all | 
other words. Within each list, presentation orders — 
were identical for all Ss on each trial but differed: 

across trials within the practice and multitrial 

lists. For the latter, no 2 words were adjacent to — 
each other on more than one trial, and each word. 
appeared in each quadrant of the list on exactly - 
one of the four trials. The latter was done by - 
shifting equal numbers of items within a quadrant 

to each of the other three quadrants on the fol- — 
lowing trial. Re 

For successive conditions, all items were pre- 
sented on a screen by a Kodak Carousel projector, 
Under simultaneous conditions, the words were — 
presented on a 4 X 6 index card for free condi- 
tions and by a lantern slide projector for silem 
conditions. For overt rehearsal conditions (fri 
and forced), a microphone was attached to thi 
armrest of S’s chair to permit tape recording ol 
rehearsal. 

Subjects. The 20 Ss in each condition were 
University of Colorado introductory be 
students fulfilling a course requirement through 
their participation. Those Ss in the two silent — 
rehearsal conditions were run in groups of 2 or ~ 
more, while all overt rehearsal Ss were run indi 
vidually. The order of testing conditions was su 
cessive-free, successive-forced, simultaneous-Íree, 
successive-silent, and simultaneous-silent. 
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RESULTS 


The multitrial data are presented in 
ree separate sections concerned, respec- 
ively, with overall rehearsals and recall 
erformance, their distributions over items 
— and trials, and their organization, followed 
by a section covering all results for the 
von Restorff list. Because of their nu- 


TABLE t 


MEAN RECALL AS A FUNCTION OF 
Groups AND TRIALS 


Group gi Ou Res 

1 2 3 4 | recall | cm 

k Successive-Free 8.60 | 11.90 | 14.30 | 16.30 | 12.78 | 8.30 
E du ice 
^ EPIS 12.55 | 15.35 | 16.90 ae uu ds 
Simultaneous- x : 

~~ Silent 14.80 | 18.10 | 19.18 | 19.45 | 17.88 | 13.65 


@—e SUCCESSIVE FREE 
Erg -O SIMULTANEOUS FREE 
4——-4 SUCCESSIVE FORCED 


ae ee mdp cnr 
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SERIAL POSITION 


FiGURE 1. Serial position functions pooled over trials for rehearsal by each overt rehearsal group 
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merosity, appropriate analyses of vari: ice 
are presented only in terms of probab' t 
levels for the several relevant comparis: s. 

Multitrial overall recall amd rehears!s. 
As shown in Table 1, highly significant 
(p « .001) differences were found between 
the five groups in mean recall over all four 
trials, with the successive-free group shown 
by Duncan test to be significantly (p < .01) 
below each of the other groups. Also sig- 
nificant was the overall superiority of the 
two simultaneous groups over the cor- 
responding two (as well as all three) suc- 
cessive groups (p < .01) and of the silent 
over overt rehearsal groups (p < .001). 
Although the silent-free rehearsal difference 
was greater under successive than simul- 
taneous conditions, this interaction was not 
significant (p > .20). 

Besides the expected marked overall im- 
provement across trials (p « .001), Table 1 
also displays a significant (p < .01) reduc- 
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SERIAL POSITION 
Fi 2. Recall serial position functions for each overt rehearsal group separately for each trial. 
tion i vroup differences over trials, due .025) fewer rehearsals per recalled word by 
mainly jo the marked first-trial superiority _ simultaneous-free and  successive-forced 
and « stently smaller improvement over than successive-free conditions only on 


trials s:own by the two simultaneous than 


by the three successive groups (which ac- 
counted for 78% of the total Groups 


X Trials interaction variance and proba- 
bly reflects more than ceiling effects since 
final-t recall was only 80% of 
maximum). 

Significantly (p < .01) more total re- 
hearsals were produced by the simulta- 
neous-free group (139.2) than by either 
the successive-free (106.2) or successive— 
forced groups (114.7) which had been 
matched on this variable, but none of 
these groups showed any significant changes 
in rehearsals across trials. The latter 
argues against rehearsal as the basis of 
group recall differences, as do further 
analyses showing (a) significantly (p< 


the first but not later trials, and (b) non- ` 
significant within-group correlations be- 
tween Ss’ numbers of rehearsals and first- 
trial recall (rs < .26). Further evidence 
on this point comes from differences be- 
tween recall and rehearsal distributions ' 
across items, as described in the following | 
section. 1 
Distribution of recalls and rehearsals. 
Figure 1 shows the serial position func- 
tions for rehearsals pooled over trials (since 
these were virtually identical on all trials), 
which indicate rehearsals to be quite - 
evenly distributed across items except for — 
the successive-free groups where the first 
few items were disproportionately re- 
hearsed. Displayed in Figure 2 are cor- 
responding recall serial-position functions 
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TABLE 2 


‘CORRELATIONS BETWEEN PROBABILITY OF RECALL 
— . AND MEAN NORMALIZED REHEARSALS FOR 
INpiVIDUAL lTEMS AS A FUNCTION 
OF GROUPS AND TRIALS 


Trial Rs 

Group tori 

1 2 3 4 list 

pues .95 =.01 07 57 94 
imultaneous- 

_ Free t 19 -39 :29 —51 24 

Successive- 
Forced =.23 33 36 26 18 


separately for each trial, which show clear- 
‘cut primacy and recency components 
‘particularly on the first trial for the two 
" successive groups, with increased flattening 
— and irregularity of these curves on later 
rials. 
_ Two types of analyses were performed 
-— to determine more precisely the common- 
alities and differences in recall and re- 
3 distributions across items and 
Following Rundus (1971), mean 
normalized rehearsals per item (excluding 
the last eight recency items) were cor- 
related with probability of recall separately 
È for each trial for each group, as shown in 
Table 2. In agreement with some pre- 
vious results (e.g., Rundus, 1971) but not 
others (Weist, 1972), this correlation was 
very high for the first trial in the succes- 
--sive-free group. However, its value ap- 
proached zero on Trials 2-3, for which it 
^ was even lower than in forced and simul- 
_ taneous-free groups. Although the latter 
- group also showed a substantial first-trial 
“correlation, this became significantly (p 
Sie 05) negative on Trial 4 in contrast 
with the comparably large positive Trial 4 
correlation for the successive-free group. 
Second, to more directly compare re- 
hearsals of subsequently recalled and un- 
recalled words without averaging across Ss, 
mean rehearsals per item were calculated 
separately for those items which were and 
were not recalled correctly by each S on 
E trial. As shown in Table 3, there 
< were significantly (p < .005) more overall 
rehearsals of recalled than nonrecalled 
words in both groups but significantly 
(p < .001) more so in the successive than 
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in the simultaneous group. Cons'-‘ent 
with the correlational changes over ‘vials 
shown in Table 2, differences betwe: : re- 


ems 
ted 


JUS 


hearsals to recalled and nonrecalled 
also declined over trials, being elim.: 
on the final trial for the simult 
group. 

To evaluate whether the foregoing iuc- 
tions in recall-rehearsal relationshi,.. re- 
flect increased rehearsals on later tr:.'s of 


those items not yet recalled corrctly, 
mean rehearsals were calculated separ icly 
for recalled items on each trial which vere 


and were not recalled correctly on . or 
more previous trials, as compared with 
rehearsals to nonrecalled items. 1’ led 
over Trials 2-4, newly recalled item re 


rehearsed by the successive-free "up 
nearly twice as often (7.85) as previo sly 
recalled items (4.16) which in tur; -ig- 
nificantly (p < .001) exceeded nonre ‘led 
items (2.90). Besides being high!) ig- 
nificant (p < .001), this difference be’. cen 
newly and previously recalled word- was 


ive 


1), 


also significantly greater for the succ 
than the simultaneous group (p < 

irrespective of whether or not the firs. six 
and last six presented items were exc! led 
to prevent primacy and recency arti! ts. 
However, despite the more even rehe:sal 
distributions across items for simultan: ous 
Ss (see Figure 1), they still rehearsed newly 
recalled items significantly (p < .001) more 
often (6.70) than either previously recalled 
(5.57) or nonrecalled items (5.29), which 
did not differ significantly.* 

As shown in Table 4, the present greater 
rehearsals of newly recalled than previously 
recalled or nonrecalled items within the 
successive-free group were localized pri- 
marily in those items presented in initial 
serial positions, in agreement with such 
an analysis previously done by Rundus 


*'These results may seem inconsistent with 
Rundus' (1974) report that items not recalled 
on previous trials (including newly recalled pooled 
with nonrecalled items) are, if anything, rehearsed 
less than previously recalled items. However, 
Rundus' findings were replicated when his analysis 
was applied to the present data, because the lesser 
rehearsal frequencies for nonrecalled items effec- 
tively counteract the enhanced rehearsal of the 
often smaller number of newly recalled items. 
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(1974). However, under simultaneous con- 
ditions (not used by Rundus), Table 4 
shows if any change across serial 
positions in relative rehearsals of newly 
recalled as compared with other types of 
items. '" ^us, analyses of variance showed 
highly sisnificant (p < .001) interactions 
betwec: pe of item and serial position 
and of these two variables with simulta- 
neous-su-cessive conditions. 

To determine whether these more fre- 
quently rehearsed newly recalled items also 
replicate! previous findings of earlier pro- 
duction ii the recall sequences (e.g., Battig 
et al., 5), Flores and Brown’s (1974) 
new relive index of priority (RIP) was 
applied i> the present data (excluding the 
last fo resented items to prevent con- 
tamina by a recency artifact). Sig- 
nificant arlier than average recall of 
newly recal items was shown particu- 
larly for successive (b < .005) but also for 
simultancous conditions (p < .05), with 
the successive mean RIP scores (.23) only 
insigni. :.tly (F < 1) larger than for si- 
multancous conditions (.15). Thus, newly 
recalled items were clearly recalled earlier, 
as well «> being rehearsed more often, than 
either 1 "recalled or previously recalled 
Items. 

Multi: ial rehearsal and recall organiza- 
tion. R«\:carsal organization was examined 
by tabu!.ting for each S in simultaneous- 
free and successive-free conditions the 
number of unique item pairs appearing in 
adjacent rehearsal positions (irrespective 
of direction) and counting the number of 
times cach such pair was rehearsed to- 

TABLE 3 


MEAN REHEARSAL TO RECALLED AND NONRECALLED 
WouDs As A FUNCTION OF GROUPS 


AND TRIALS 
Trial 
Group Type of Grand 
word M 
t4. 364 

Successive- | Recalled | 8.23 | 6.27 | 5.44 | 5.20 | 6.29 
Free Non- 

recalled | 2.47 | 2.83 | 3.01 | 2.67 | 2.75 

Simultaneous- Recalled | 6.06 | 6.17 | 6.05 | 5.97 | 6.06 
ee Non- 

"fecalled | 5.70 | 5.07 | $28 | 5.94 | 5.50 


TABLE 4 


MEAN REHEARSAL FREQUENCIES FOR NEWLY: 
RECALLED, PREVIOUSLY RECALLED, AND 
NONRECALLED ITEMS APPEARING IN 
Successive Fourtus OF THE 
PRESENTATION ORDER 


Position in presentation order 


Group 
First | Second | Third | Fourth — 

Successive-Free 

Newly recalled 1214 | 605 | 432 | 217 

Previously recalled 9.40 3,83 3,34 2,36 

Nonrecalled 4:3 | 2:56 | 21 | 190 
Simultaneous-Free 

Newly recalled 7.05 | 6.36 25 | 592 

Previously recalled | 6.24 | 5.98 | 570 | 525 

Nonrecalled (82 | 578 H9 | 4a2 
gether. As shown in the first column of 


Table 5, successive Ss produced signifi- 
cantly (p <.001) more different pairs 
rehearsed only once than did simultaneous 
Ss, whereas the latter significantly (p 


< .001) exceeded successive Ss in number — 


of pairs rehearsed five or more times as 


well as in mean number of rehearsals per — 


rehearsed pair. In addition, more different 
pairs were rehearsed at least once by suc- 
cessive than simultaneous Ss, a difference 
which was significant (p < .01) when based 
only on the first trial but not for all trials 
(p < .10). As shown in the last column 
of Table 5, both groups showed a con- 
sistent and highly significant (p < .001) 
increase in probability of recalling together 
a word pair as its number of rehearsals 
increased. 


Table 5 also presents the numbers of 


rehearsal pairs corresponding to the input 
order and also to output orders on the 
subsequent as well as the prior recall test. 
Both groups show about three times as 
many correspondences with list order as 


with either recall order, as well as signifi- E 


cantly (p < .001) more rehearsal pairs. 
represented in the following than in the 
preceding recall order. All types of cor- 
respondences are also significantly (p < 
.001) greater for simultaneous than suc- 
cessive Ss, even though the latter had 
more different rehearsal pairs. Thus re- 
hearsal pairs were far less closely related 


either to input or recall output order for . 
Also | 


successive than for simultaneous Ss. 
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TABLE 5 


DISTRIBUTION OF REHEARSAL CONTIGUITIES AS A FUNCTION OF TIMES REHEARSED AND AS 
RELATED TO List ORDER, PRIOR RECALL ORDER, AND PROBABILITY OF 
OCCURRENCE IN RECALL 


T 
- = > ree | Pre ity 
Times c M eee ee Ee |" leona wes | 9: 
rehearsed condition contiguities list order prior recall order recall order | ' 
E = 
1 Successive 34.48 5.43 (15.7) 1.38 (4.0) 1.70 (4.9) | 
Simultaneous 19.61 3.01 (15.3) 1.33 (6.8) 1.38 (7.0) 
2 Successive 9.16 2.58 (28.2) .60 (6.6) .78 (8.5) 
Simultaneous 7.46 3.03 (40.6) .65 (8.7) .75 (10.1) | 
3 Successive 3.44 1.41 (41.0) 13 (3.8) 45 (13.1) | 
Simultaneous 5.04 2.69 (53.4) .53 (10.5) 4 (014.7) | 
4 Successive 1.95 .98 (50.3) .07 (3.6) .30 (15.4) | 
Simultaneous 5.33 4.20 (78.8) .52 (9.8) 1.06 (19.9) | 
5+ Successive 4.06 2.61 (64.3) 7 (4.2) 1.29 (31.8) 
Simultaneous 10.00 8.79 (87.9) .90 (9.0) 2.53 (25.3) 
Total Successive 53.09 13.01 (24.5) 2.35 (4.4) 4.52 (8.5) 
Simultaneous 47.44 21.72 (45.8) 3.93 (8.3) 6.46 (13.6) 
Note. Numbers in parentheses represent percentages of total number of rehearsal pairs. 
noteworthy in Table 5 are the marked These values, however, were unif «aly 


_ which were input pairs, especially for the 
simultaneous group. Much smaller in- 
creases are also shown for rehearsal pairs 
overlapping with subsequent recall order, 
- although here these increases are slightly 
larger for the successive than simultaneous 
group. 

Closely comparable results were obtained 
for percentages of possible input and output 
order pairs appearing at least once in Ss' 
rehearsals, which correct for different total 
numbers of pairs appearing in input and/or 
. output orders across groups and trials. 
These analyses further showed no signifi- 
cant changes in percentages of rehearsed 
" list-order or prior recall-order pairs across 
trials, whereas later trials showed a marked 
decrease in percentages of subsequent re- 
_ call-order pairs appearing in Ss’ rehearsals. 
"This latter decline was also significantly 
(b < .025) greater for successive than si- 
multaneous presentation. 

To determine whether this lack of cor- 
respondence of recall to rehearsal organiza- 
tion reflected dependencies between recall 
orders on successive trials, Pellegrino's 
(1971) "subjective organization" measures 
were computed for each S using bidirec- 
tional measures for Unit Sizes 2, 3, and 4. 


quite small and were actually high: 
the successive-forced group (.147) ali 
differences between groups were n 
nificant (p > .10). 


Recall and rehearsal results for vor ṣes- 


lorff list. Of primary interest here -ere 
relative recall and rehearsals to the is: ted 
item as compared with the remaini: list 
items, as related to simultaneous-s. ces- 


sive presentation and/or rehearsal < ndi- 


tions. As shown in Table 6, all 9 »ups 
showed extremely high and nonsignific..ntly 
different recall of the isolated item. Rela- 
tive facilitation on this isolated ‘em, 


however, did differ significantly «cross 
groups, reflecting significant (p < .05) dif- 
ferences in overall recall to the remaining 
nonisolated items which correspond closely 
to the first-trial recall differences described 
previously for the multitrial list (see 
Table 1). Thus the facilitation on the 
isolated relative to nonisolated items was 
significantly (p < .01) larger for successive 
than simultaneous groups. No group 
showed any evidence for enhanced recall 
of items adjacent to the isolated item. 

In sharp contrast with Rundus' (1971) 
results, the present data provide no evi- 
dence whatever that the isolated item was 
rehearsed any more than the remaining 
items. In fact, the successive-forced group 


(which 'equired to rehearse equally to 
all ite: showed at least as large an 
isolatic ‘ect as any other group (see 
Table : Moreover, only the successive— 
free gr« »roduced even numerically more 
rehear or the isolated than the other 
items, ^ fell far short of significance 
(p> Thus the present superiority 
of rec or the isolated item clearly 
cannot 'ccounted for in terms of in- 
creased arsals of this item.* 

Add | analyses based on the re- 
hearsa! ı were in general agreement with 
the res reported in the previous section 
for th: iltitrial list, so that only those 
results 'h differed will be mentioned 
here. c include (a) no significant 
differe in mean rehearsals per recalled 
item | en simultaneous-free and suc- 
cessive groups, although both were 
signif (p < .01) above the succes- 
sive-fc | group, and (b) a much smaller 
recall sal correlation for the simul- 
taneou 'e group which was only slightly 
above for the successive-forced group 
(see la umn of Table 2). 

DISCUSSION 

The ; ent results clearly indicate notable 
excepti: to any direct or causal dependence 
of free- -all performance upon rehearsal ac- 
tivity. |; fact, except for the first trial under 
Successiv- presentation conditions which alone 
has been evaluated for rehearsal effects in 
Most previous research (e.g, Rundus, 1971), 


none oí :he present data offered strong or 
consistent evidence that rehearsals were even 
Closely related to recall performance. More- 
over, facilitated isolated-item recall was de- 


*Still more powerful evidence comes from an 
additional blocked group of 20 Ss run concurrently 
With the present experiment, which showed an 
isolation effect comparable in magnitude to groups 
Shown in Table 1 but had significantly (p « .05) 
fewer rehearsals to the isolated (3.4) than to the 
other items (4.2), This group, with list presenta- 
tion in six blocks of four words each for 20 sec., 
Is excluded from the present report because dif- 
erent and more consistent serial orders were used 
Which would seriously contaminate any direct com- 
Parison with the other groups. Blocked recall 
Performance and rehearsal data, however, were 
quite similar to the simultaneous overt rehearsal 
group. 
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TABLE 6 


MEAN RECALL PROBABILITY AND PERCENTAGE OF 
REHEARSALS PER ITEM FOR ISOLATED AND 
NONISOLATED ITEMS IN VON RESTORFF 
List For EAcH Group 


Isolated Nonisolated 
Group R 
Recall Vals Recall | SEE 
Simultaneous- 
Silent .94 — R59 = 
Simultaneous- 
Free 1.00 3.8 791. 42 
Successive- 
Silent 95 — E = 
Successive- 
Free .90 4.8 .36 4.2 
Successive- 
Forced .95 4.2 42 4.2 


monstrated consistently with, if anything, less 
rehearsal of the isolated item than of other 
items. Thus the major issues requiring dis- 
cussion here concern why this rehearsal-recall 
relationship breaks down, what other factors 
may have been involved, and the possible 
role(s) played by rehearsal and other proc- 
esses in determining free-recall performance 
and organization. 

The present disappearance of any simple 
recall-rehearsal relationship on later trials 
apparently results from Ss’ concentration upon 
and rehearsal of at least some previously un- 
recalled items on later trials, indicated by the 
present analyses also to be primarily respon- 
sible for the prior recall of newly learned 
items (PRNI effect, Battig et al., 1965). The 
PRNI effect is suggested not to be contra- 
dictory to a direct relationship between item 
strength and order of recall (e.g., the “spew” 
hypothesis), provided that rehearsal activity 
during study is treated as a major determinant 
of item strength. Moreover, it is the first- 
presented previously nonrecalled items under 
successive conditions that are most extensively 
rehearsed (see Table 4), indicating that Ss’ 
special attention to previously nonrecalled 
items dissipates as more items from the list 
are presented in succession. In any event, 
greater rehearsal of previously weak and/or 
nonrecalled items can readily account for the 
present findings of little if any rehearsal-recall 
relationship on later trials. 

Perhaps the strongest evidence against re- 
hearsal as a necessary condition for improved 
recall, however, comes from the present marked 
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facilitation in isolated-item recall with no in- 
"crease whatever in its rehearsals (and under 
rced as well as free rehearsal conditions). 
‘Thus, Rundus’ (1971) findings of greater 
isolated-item rehearsals appear to result from 
is instructions encouraging such increased 
ehearsals, rather than any direct dependence 
of recall thereupon. Clearly distinctiveness 
of the isolated item alone can produce facili- 
tated recall thereof without special attention 
and/or overt rehearsals. 

The present recall and rehearsal differences 
between simultaneous and traditional succes- 
ive presentation conditions offer evidence as 
o what rehearsal actually accomplishes in 
-free-recall tasks, as well as arguing against a 
- direct dependence of recall upon rehearsal. 
| In general, the present findings support 

- Jacoby's (1973) idea that rehearsal serves 
only to make items available for additional 
processing, and that without such processing, 
rehearsal is ineffective for later recall. Thus, 
- recall should be facilitated only if rehearsals 
are needed to make items available for addi- 

tional processing, as should hold especially 
ith successive presentation on early trials, 
"where rehearsal may be essential for an item 
to continue to be processed after its limited 
presentation. Simultaneous presentation of 
all items, however, makes them available for 
processing without being rehearsed. Among 
the present findings consistent with such an 
interpretation are (a) the smaller positive 
rehearsal-recall relationships under simulta- 
- neous-free than under successive-free rehear- 
sal conditions, (b) fewer rehearsals per recalled 
item under simultaneous than under succes- 
| sive conditions, (c) superior simultaneous recall 
primarily on the first trial where nonrehearsed 
successive items would be particularly inac- 

y ‘cessible for needed additional processing, and 
1 (d) the marked reduction in recall-rehearsal 

relationships (as well as in rehearsals per 
ecalled item) on later trials, wherein items 
depend less on rehearsal activity to be made 
accessible for additional processing. 
m The foregoing results appear equally con- 
‘sistent with an interpretation whereby re- 
7 aeons id not Sp present provides 
. recall S tris] e EE I. oe 2 
d sever eti tie E js is hard to reconcile, 
TW zable interference of overt 
rehearsal with recall performance especially 
under successive conditions (found also by 

Fischler et al, 1970), since overt rehearsal 
should retard processing more than it does 
retrieval. That such interference from overt 
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suc- 
tions 
ert 
curs 
hen 
Lost 


greater under the present 


rehearsal was 
cond 


cessive-free than under forced 
further suggests less conflict between 
rehearsal and processing if rehearsal 
only during actual item presentatior 
items presumably can be processed 
effectively. 

Although recall of pairs of item 
strongly related to frequency of rehea 
these pairs, this reflected mainly inp: 
tiguities, and otherwise, there was litt 
dence that rehearsal pairs were recai! 
gether especially under successive cond 
This lack of rehearsal-recall organi: 
correspondence may be due to the n 
relatedness between words in the pres: 
although Weist (1972, Experiment I) 
little difference in pair recall-rehears 
relations for unrelated and categorize: 
lists. Nonetheless, there was very little 
organization in the present data, and w 
found higher levels of learning and/o: 
strongly interrelated word materials 
important prerequisites to any sul 
interitem organization in free recall 
grino & Battig, 1974). Thus the 
results do not necessarily conflict with Wal: 
lace's (1970) contention that “contiguity of 
experience" can account for organiza ;on in 
free recall and strongly support his clai that 
functional input order (as indexed by, e.g 
rehearsal orders) can differ markedly from 
actual input order particularly under - cce? 
sive presentation. 

Superficially, the significantly higher free- 
recall performance under the present simul- 


was 
s of 
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taneous than under successive conditions ap- 
pears contradictory to the Winograd et al. 
(1971) report of no such difference. Upon 


closer examination, however, their findings for 
unrelated lists with varied presentation orders 
show a substantial simultaneous (10.50) su- 
periority over successive (8.64) conditions on 
the first trial which disappears on later trials 
(Winograd et al., 1971, Table 1). Moreover, 
the present simultaneous-successive differences 
were somewhat greater under overt rehearsal 
conditions (not used by Winograd et al.). 
The greater simultaneous over successi ve 
superiority herein may also reflect the slower 
(5-sec.) presentation rate than the 2-sec. rate 
used by Winograd et al. (1971), as would 
follow from Foote and Pollio's (1970) demon- 
stration of significant simultaneous superiority 
using unrelated word lists with extremely long 
presentation times. Such increased presenta- 
tion times clearly permit additional types 9 


processin when items are always present 
during study and thus need not be produced 
by S to be further processed. That the present 


simultaneous Ss could have benefited from 

added pr: ion time is indicated by their 

rehearsal | rily of list-order pairs on all 
trials, which may be responsible for their lesser 
improvement in recall over trials than suc- 
cessive . ee Table 1). Combined with the 
more even distributions of rehearsals over all 
items (se« ure 1) and consequent smaller 
increment rehearsals of newly recalled 
items shown by simultaneous than by suc- 
cessive Ss, ‘he present results clearly suggest 
that simu tancous Ss could have processed 
items mc fectively if given more time. 
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Sequential facilitation effects were investigated in the naming of alpha- 
numeric characters. With a stimulus set of four letters and four digits, 
repetition of an item or a category facilitated reaction time (RT). The 
advantage of category and item repetitions over category alternations de- 
creased (a) as the response-signal interval increased and (b) if advance 
information respecting the stimulus category was presented 1.0 sec. (but not 
.5 sec.) prior to stimulus onset. False advance information did not disturb 
the original latency differences between the three transition types. With a 
stimulus set of the digits 2-9, RT varied systematically with the digit's 
ordinal distance from the preceding one in the sequence. The results are 
interpreted as favoring an ‘associative priming’ model for facilitation in 
character identification that is responsible for both item and category repeti- 


tion effects. 


For serial choice reaction tasks there is a 
considerable body of evidence demonstrating 
sequential effects on response latency. Par- 
ticularly if the intertrial interval is brief, the 
time required to identify the second of two 
“successive stimuli is shorter when the items 
are the same (and call for the same re- 
sponse) than when they are different (Bertel- 
- son, 1961, 1963). The effect does not appear 
. to be limited to first-order transitions; the 

advantage associated with repetition has been 
| observed to increase over sequences as long 
s five items (Remington, 1969). A positive 
-— repetition effect, though one of lesser magni- 
- tude, has also been noted in partial identifica- 
tion tasks when two successive perceptually 
different stimuli share a common response 
(Bertelson, 1965; Rabbitt, 1968). However, 
in both of these last two’ studies stimuli as- 
signed to a common response were also par- 
titionable into  nonarbitrary categories. 
Smith’s (1968) evidence suggests this to be 


1 The authors are grateful to Sam Glucksberg 
for helpful discussion of a first draft of this paper 
and to Stuart Baker for writing the original pro- 
gram to run these experiments. The second author 
was a Visiting Fellow at the Laboratory of Experi- 
mental Psychology, University of Sussex, when this 
series of studies was initiated. $ 

2 Requests for reprints should be sent to Tony 
M: arcel, who is now at the Medical Research Coun- 
cil Applied Psychology Unit, 15 Chaucer Road. 
Cambridge, CB2 2EF, England. : 


important since she found that if |! two 
sets of stimuli mapped onto single re: nses 
were not separable into a priori classe. then 
such response repetitions actually too!’ nger 
than unrepeated responses. 

Indeed, both Rabbitt and Vyas (19: and 
Forrin (1974) have recently reported — tran- 
sitional effect that does not depend  : the 
recurrence of either stimulus or ro onse. 
Consider a choice reaction task in wi. ^ the 
stimuli to be identified may be group ' into 
two distinct conceptual categories, say <tters 
and digits. For this case, three t; es of 
transitions may be distinguished: iteu- repe- 
titions (e.g., D preceded by D); c+ gory 
repetitions excluding item repetitions (e+ 
D preceded by K); and category a-ierna- 
tions (e.g, D preceded by 3). This task 


produced shorter reaction latencies for cate- 
gory repetitions than for category «iterna- 
tions even though the successive stimuli were 
perceptually distinct and demanded different 
responses. 

The objectives of the present series of ex- 
periments were to seek confirmation of the 
category repetition effect, to explore vari- 
ables which may regulate its magnitude, and 
to attempt to account for its occurrence. 


EXPERIMENT I 


The item repetition effect has been found 
to decrease as the intertrial interval is !n- 
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creased, :.c., the speed of repetitions decreas- 
ing tow at of nonrepetitions, and even 
to reversc. $e., the latency of repetitions be- 
coming ‘yer than that of nonrepetitions 
(Entus ^. ndra, 1970). The first experi- 
ment att ted to confirm the existence of a 
category ---etition effect and to examine 
whethe: iffected in the same way as the 
item re; on effect by the time between 
Successiv ls. 

Method : undergraduates at Sussex Uni- 
versity a: 25 yr., three male and three female, 
served a: 

The Ss tested individually in a choice reac- 
tion task ; eight alternatives—four digits (3, 
4, 6, and nd four letters (D, K, P, and T). 
These w osen for maximum discriminability 
on the v isplay of an Elliott 4130 computer 
which co: d test sessions, During a session S 
was seat« oximately 2 ft, in front of the com- 


cathode ray tube on which a circle, 
"eter, was continuously visible. A 


trial wa: ited by the presentation within the 
circle of : le character, 3/8 in. in height. The 
S was re to give its common name as quickly 
and as «tely as possible. The computer's 
internal « started at stimulus onset and stopped 
when .$" al reaction activated a voice key. 
Errors ii ng were recorded by £. 

On ea inl S's response also terminated the 
current d: y and triggered a preset delay before 
the appea e of the next character. There was 
no explici: irning signal. Three values were used 
for the « ion of the response-stimulus interval 
(RSI) : 6, and 2.9 sec, Within a single ex- 
perimenta sion, however, the value of RSI was 
fixed. E» | 5 was tested in six sessions conducted 
on 6 succ e days. The RSIs were ordered over 


ssions in the manner ABCCBA ; one 
^d to each of the six possible orders. 


In each ssion there were 40 practice trials fol- 
lowed by i20 test trials. Over the 160 trials all 
eight char s occurred equally often. Within 
each session 1/2 of the trials involved the alterna- 
tion of a category (digit preceded by letter or 
letter by digit), 3/8 involved the repetition of a 
category (but not of an item), and 1/8 involved 


the repetition of an item. Response latencies for 
the three types of transition—defined by successive 
Stimuli regardless of response accuracy—were cum- 
ulated separately by the control program. Times 
for incorrect reactions were identified and were 
excluded from subsequent analyses. 


Results. Means of Ss’ mean reaction la- 
tencies on error-free test trials are shown in 
Figure 1 for each combination of Transition 
Type and RSI. Errors occurred on 1.2% 
Of the test trials, A two-way analysis of 
variance for repeated measures revealed a 
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Figure 1. Mean reaction time (RT) for the 


three types of sequential transition as a function of. 
response-signal interval. 


statistically significant interaction between 
the experimental variables, F(2, 40) = 
64.26, p < .001, Latencies on category al- 
ternation trials were not reliably affected by 
RSI. In contrast, reaction time (RT) on 
item repetition trials, F(2, 10) = 18.56, p < 
.001, and on category repetition trials, F (2, 
10) = 9.43, p<.01, rose significantly as 
RSI increased. Despite the observed con- 
vergence of the three functions, there was a 
significant simple effect of transition type at 
each value of RSI. Individual Scheffé com- 
parisons indicated that response times for . 
category repetition trials remained reliably — 
faster than those for category alternation — 
trials over all RSIs (p « .05 in each case). 
A significant temporal advantage was re- 
corded for item repetitions over category 
repetitions only at RSIs of .3 and 1.6 sec. 
(p < .05 in each case). : 
The present experiment provided clear evi- 
dence of a category repetition effect: The 
time required to name a character was ^ 
shorter if it followed a nonidentical item be- 
longing to the same, rather than to a differ- — 
ent, conceptual class. This transitional effect . 
in the naming of letters and digits has been — 
confirmed by Forrin (1974). A further - 
temporal advantage was associated with the 
presentation on successive trials of the same — 
item, particularly when the interval between. 
trials was brief, The magnitude of the cate- — — 


TONY 


ry repetition effect declined as RSI 
ngthened, though the effect remained in 
"evidence even with an RSI of 2.9 sec. With 
an RSI of 2.9 sec., however, the added sav- 
ing in time accruing to item repetition had 
been lost. 


ExpPERIMENT IT 


Keele (1969) has observed that reaction 
time is reduced when Ss correctly anticipate 
the stimulus to occur and has used this find- 
ng to account for the item repetition effect 

terms of expectancy. It is evident that Ss 
"may develop trial-to-trial expectancies con- 
erning stimulus categories as well as items. 
Tf the category repetition effect derives from 
pecific preparation for the class of the item 
to follow (which, in the absence of other in- 
formation, may be controlled by the class of 
he prior item), then appropriate advance in- 
ormation should reduce réaction latencies for 
ategory alternations to the level of category 
repetitions. The present experiment was in- 
‘tended to investigate this prediction and to 
“determine whether the effect of advance in- 
formation is conditioned by the time of its 
arrival. 


Method. Eight male undergraduate and graduate 
~~ students at the University of Sussex participated 
as Ss in this experiment. They ranged in age from 
< 20 to 26 yr. 

As in Experiment I, $s were required to name 
each character presented in an eight-alternative 
(four letters and four digits) choice-reaction task; 
the stimulus ensemble, the length and properties of 
timulus sequences, and the method of stimulus 
presentation remained unchanged. Unlike Experi- 
ment I, RSI was fixed at 1.5 sec. The control pro- 
am. was altered to permit the introduction of a 
- warning signal prior to each item to be identified. 
‘The warning signal was either informative of the 
ategory of the character to follow (letter or digit) 
or noninformative ; it occurred either .5 sec. or 1.0 
~ sec, in advance of the test item. The noninforma- 
~ tive signal was a 100-msec. 700-Hz. tone delivered 
through earphones; it served only to signal the 
onset of the trial. The informative warning signals 
- were 100-msec. tones, 400 Hz. and 1.000 Hz. in fre- 
quency. For half of the Ss the 400-Hz. tone signi- 
pet a bacs E: DAN and the 1,000-Hz. tone signi- 
- fied a digit; for the remaini i n 
dede emaining Ss the designation 
The two experimental variables—informativeness 
of warning signal and foreperiod duration—were 
combined orthogonally to yield four conditions. Each 
S was tested in all conditions, one condition per day 
on 4 consecutive days. Eight orders of the four 
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conditions were generated: four different rondom 
permutations and their reverses. One S wes as- 
signed to each of these condition orders. 

Results. As in Experiment I, al! error 
trials and practice trials were omitted ‘rom 
consideration. The error rate was 1.57. for 
test trials with a noninformative warning 
signal ; with advance information provided as 
to stimulus category, the error rate dcc ined 
to 1.0%. Means of Ss’ mean RTs on crror- 
free test trials are given in Figure 2. 

The effect of transition type varied as a 
joint function of informativeness of warning 
signal and foreperiod duration, F(2, = 
10.16, p < .01. When the warning nal 
provided no more than temporal information 
there was a significant main effect of i unsi- 
tion type, F (2, 14) = 43.75, p < 001. In- 
dividual Scheffé comparisons indicate’ that 
response latencies decreased reliably from 
category alternation to category repetition to 
item repetition trials (p < .05 in both cuses). 
Mean response times, regardless of tra: (ion 
type, were somewhat faster with the .5-sec. 

foreperiod, F (1,7) = 5.86, p < .05. 

The effect of transition type was una cred 


by the presentation of an informative v arn- 
ing signal .5 sec. in advance of the test char- 
acter, F(2, 14) = 2840, p < .001. With a 
foreperiod duration of 1.0 sec, however, 
Scheffé comparisons revealed a sligh! but 
reliable reduction in RTs on category r«peti- 
tion trials, p < .05, and a marked reduction 
in reaction times on category alternation 
trials. Responses remained fastest on item 
repetition trials (p < .01), but the difference 
between category repetition and category al- 
ternation trials disappeared. 

Experiment II thus provided further evi- 
dence for the existence of a category repeti- 
tion effect. The introduction of advance in- 
formation concerning the category of the 
stimulus to follow, provided the foreperiod 
was of sufficient duration (1.0 sec.), served 
to abolish the effect by reducing latencies on 
category alternation trials to the level of 
those on category repetition trials. The slight 
rise in RT with the longer foreperiod given 
noninformative warning signals, since it is 
seen across all transition types, is most prob- 
ably due to a slight nonspecific preparatory 
or alerting function of the warning signal 
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Ficure 2. Mean reaction time (RT) for the three types of sequential 
transition according to informative value of the warning signal (WS) and 


foreperiod duration. 


which d cays rapidly (Bertelson & Tisseyre, 
1969). 
EXPERIMENT III 
The results of Experiments I and II indi- 
cate that. in the absence of usable advance 


information, S is in some sense more pre- 
pared to identify a character belonging to the 
Same class as its immediate predecessor in 
the stimulus sequence. A warning signal 
that provides reliable category information, 
however, would appear to permit S to be 
equally prepared for a stimulus from either 
the same or the alternate class. Can S alter 
his state of preparation at will or does there 
exist some residue of prior stimulation that 
exerts its influence without respect to S’s 
expectancies? One approach to this ques- 
tion is to observe identification latencies 
when false information as to the subsequent 
stimulus category is supplied. In this event, 
will some time advantage still be associated 
with the recurrence of a stimulus category or 
will reaction times for repetitions believed to 
be alternations rise to the level of alterna- 
tions? 
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4 Class alternation 
O Class repetition 
D Identical repetition 


0:5 1:0 
INTERVAL (secs)RSI=1-5secs 
CLASS- INFORMATIVE WS. 
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Method. With one modification, the design of | — 
the present study reproduced two of the conditions 
of Experiment II: the informative and noninforma- 
tive conditions with a warning signal foreperiod of 
10 sec. There were 360 trials in each condition 
administered in two separate sessions, one on each 
of 2 successive days, half of the Ss performing in 
each order, The modification involved the pre- 
sentation of misinformation in the informative con- ' 
dition. On 10% (36) of the trials the warning 
tone signaled the occurrence of one class, while 
the stimulus was selected from the other. Misin- 
formation was equally likely on alternation and on 
repetition trials; of the 18 affected repetition trials, - 
6 involved item repetitions, Misinformative trials — 
were separated by 8-12 trials, with each separation - 
equally probable. Each session was preceded by 
40 practice trials on the appropriate condition. - 
There was no misinformation during practice but — 
Ss were told that occasional apparatus faults re- 
sulted in erroneous information; they were i 
structed to be unconcerned about such faults and 
to take as much advantage of the advance informa- 
tion as possible. 

Results, One danger with this experi- 
mental design is that the ratio of misinforma- 
tive to informative trials necessary to provide 
reasonably reliable data might be sufficient to" 
destroy S’s confidence in the predictive value 
of the informative warning signal; he migh 
elect to ignore it. A means of assuring thai 
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Ficure 3. Mean reaction time (RT) for the 
three types of sequential transition according to 
- informative value of the warning signal and truth 
b of informative signals. 


- the signal has not been ignored is to use the 
data of only those Ss who are successfully 
able to use correct information to reduce 
times on category alternation trials, as in 
Experiment IT. With this logic in mind, the 
. results of one S were excluded. Results for 
~ the other nine are shown in Figure 3. 

-. For purposes of analysis the noninforma- 
ive warning signal was considered to define 
EJ control condition. Performance in this 
~ condition was compared first with that on 
trials with true informative warning signals. 
- In this case there was a significant effect of 
_ both transition type, F (2, 16) = 98.82, p < 
~ 901, and informativeness of warning signal, 
TE (1, 8)— 8739, p « 001. In addition, 
there was a significant interaction between 
- these variables, F (2, 16) = 65.90, p < .001. 
È Second, for the comparison of noninforma- 
ive with false informative warning signal 
rials, there was a significant effect of both 
transition type, F (2, 16) = 197.72, p< 
:001, and informativeness, F (1, 8) = 14.64, 
p< 01, but, in this instance, there was no 
- interaction between these variables, F (2 

16) <1, : 

The data for the first comparison (non- 
informative vs. true informative warning sig- 
nal) replicate the results of Experiment II. 
This implies that Ss were indeed attending 
to and utilizing the advance information. The 
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effect of the misinformative warning signal 
was two-fold. It resulted in a slig! erall 
rise in reaction time and, of major sern, 
it reinstated the latency differences veen 
category alternation, category repeti and 
item repetition trials characteristic the 
control condition. Thus, though a ning 
signal that informed produced a rel ` de- 
cline in response times on category rna- 
tion trials, a warning signal that mis “med 
caused no relative rise in response s on 
category repetition trials. Even v false 
information the repetition of a cat be- 
stowed a time advantage. 
EXPERIMENT IV 

In the first three experiments of i ries 
the effect on reaction latency of the re. ‘tion 
of an item was distinguished from t! fect 
of the repetition of a stimulus catego: he 
possibility that the influence of a ited 
category might vary with the (nonid: cal) 
stimulus presented on the prior t: was 
neither explored nor considered. 

The classes of stimuli used in these ies, 
letters and digits, define ordered sets. ere 
is evidence to suggest that at least diy — are 
represented in an ordered fashion in n: vory 
(Fairbank & Capehart, 1969; Marcel, ` 70; 
Moyer & Landauer, 1967). It is po -ible 
that similarities between stimuli in ter- s of 
their ordinal (numerical or alphabe: cal) 
proximity may exert an influence on ti insi- 


tion effects. It might be, then, that the tem 
repetition effect does not derive froin a 
unique process, but rather represents the 
end point of a graded category repetition 
effect with magnitude proportional to the 
ordinal separation between successive stimuli. 
This is important since, if so, such an effect 
could account for both item and category 
repetition effects. The purpose of this ex- 
periment was to investigate the possibility of 
such a graded effect. 


Method. Eight undergraduate and graduate 
students at the University of Sussex, ranging in 
age 20-26 yr, served as Ss. Six, all males, had 
participated in Experiment II. The two new SS 
were females. d 

The Ss responded to an eight-alternative choice 
reaction task with all stimuli, the digits 2-9, drawn 
from a single conceptual category. As in the 
previous experiments, stimulus presentation and re- 
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ment were controlled by an Elliott 


sponse 1 
4130 co^: r. The S was instructed to name each 
digit in -':mulus sequence as rapidly as possible. 
AII dig: » equally probable and were randomly 
distribu ough the sequence. The S's respon:e 
terminz > stimulus and initiated a fixed RSI 
of .5 s ‘re was no explicit warning signal. 
An ext ‘al session consisted of 320 test trials, 
precedec practice trials. There was a 2-min. 
break : midpoint of the session. Two such 
session onducted, one on each of 2 successive 
days. 

Resi For each response type mean RT 
to eac} was determined as a function of 
its ord; eparation from the immediately 
preced git in the stimulus sequence, On 
the av: cach digit was preceded by every 
other « O times over the course of two 
experi sessions. Incorrect reactions 
(.896 ! responses) were excluded from 
consid n. 

Uni :tely, the data points for all digits 
do not ‘ud over the same range of ordinal 
distan The digit 4, for example, yields 
Observ : from a remoteness of —2 (4 
prececc. y 2) to one of +5 (4 preceded by | 
9) ; da: “or the digit 6, however, range over 
separati from —4 to +3. Thus, a pooled 
functio: ithout correction would reflect dif- 
ference: 5 the response populations repre- 
sented ^ cach ordinal separation. To con- 
trol cc: amination from this source, each 
data po... for a given digit, prior to pooling, 
was recs.ced by the time required to identify 
that dig) when preceded by itself. The re- 
sulting function is in Figure 4. The range 
shown is from —6 to +6 since the points for 


+7 are derived from responses to 2 and 9 
alone. 

Latencies for naming responses were ana- 
lysed to test for the statistical significance of 
Sequential effects. Unfortunately, the test 
Statistics must be interpreted with some cau- 
tion; means for extreme ordinal separations 
were based on fewer observations, hence they 
are inherently less reliable than those for cen- 
tral values of the independent variable. The 
time required to name a character varied as 
a function of the stimulus that preceded it, 
F (14, 98) — 476, p « .001. More analytic 
Comparisons revealed that R'T associated 
With the repetition of an item was shorter 
than RT pooled over all other transitions, 
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Figure 4. Mean difference between reaction time 
(RT) to repeated and nonrepeated digits as a func- 
tion of numerical distance between digits on trial 
n and trial 1 — 1. 


F (1,7) 23625, p < .001. There was, in 
addition, a significant linear decline in reac- 
tion latency as ordinal separation decreased 
from +7 to +1, F (1, 7) = 9.04, p < .025. 
The slope of the decline was shallower for 
negative distances (forward transitions) than 
for positive (backward transitions), F (1, 
7) =7.86, p < .05, i.e, forward transitions 
had a greater effect over a wider range of 
distance. j 
These findings suggest that the distinction 
between an item repetition effect and a cate- 
gory repetition effect may be a false dichot- 
omy. The effect of the prior presentation - 
of an item from the same category as the test 
character appears to be graded rather than 


uniform. The less the ordinal distance be- 3 


tween the two items, the more response 
latency is reduced. In this context, an ordi- 


nal distance of 0 is equivalent to an item - 


repetition. This within-category gradient of 
sequential effects was not symmetrical about 
O separation; a forward transition (4 pre- 
ceded by 3) produced a slightly greater time 
advantage than a backward transition of 
equivalent separation (4 preceded by 5). - 
This finding is in accord with the overlearned — 
ordering of the set of digits. 


Unfortunately, the present task was limited | 


to the naming of digits. No evidence can be 
provided that there exists a comparable gra- 
dient within the letter category. It is, how- 
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ver, reasonable to believe that a necessary 
"condition for such a gradient can be satisfied. 
"Parkman's (1971) findings suggest that let- 
rs, like digits, are represented in memory 
s an ordered series, and that bad letters been 
ised as well, the same effects, if smaller, 
‘ould have been obtained. 


Discussion 


This series of studies confirms the category 
epetition effect: In the naming of a succession 
stimuli drawn from two conceptual classes, 
tters and digits, reaction latency is shortened 
the stimulus to be named and its immediate 
"predecessor in the sequence are members of the 
e class. What processing mechanisms might 
nderlie such an effect? Three al'ernatives 
ill be explored. Their specific features will 
e developed within the following general 
amework : In the course of identification some 
et of encoding operations applied to input, 
erhaps feature analytic, yields a storage address 
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chieal" model) locates the category repetition 
effect in the processes by which input is en- 


cH hich the name is retrieved or an appropriate 
| motor program is executed; the third (the “as- 
ociative priming" model) emphasizes the role 
f interactions among memory locations them- 
elves in information retrieval. 
asic to the hierarchical model is the assump- 
that for mixed sequences of letters and 
igits, stimulus encoding occurs in more than 
e stage: An initial decision process estab- 
shes the superordinate category of the test 
haracter, and ensuing decisions (themselves 
ried out in series or in parallel) further de- 
the item within the category. The results 
several investigations suggest that decisions 
regarding the general category of a stimulus— 
word or nonword (Winnick & Dornbush, 1966), 
letter or digit (Brand, 1971), or semantic class 
Lawrence, 1971)—may proceed independently 
of or prior to its fuller identification. In the 
~ case of highly overlearned nominal designations, 
these latter decision sets are organized as call- 
. able subroutines. Once encoded, stimuli may 
well have direct access to the location at which 
eir names are to be found. If it is assumed 
at the accessibility of a subroutine (and/or the 
efficiency of its operation) varies inversely with 
the time since its last use, it follows both that 
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the repetition of a category will lead t 
reactions than the alternation of categori 
that the advantage associated with : 

will decline as the interval between suc 
stimuli increases. The results of Expe: 
are consistent with both deductions. (A 
of this scheme, applicable to serial tasks 
the prior decision to a same-different ji 
as to the stimulus category on the prece! 
present trial. Both Bertelson (1963) an: 
and Bindra (1970) have suggested t! 
relative speed of item repetitions ov 


?ntus 
the 
on- 


repetitions in serial choice RT tasks is nc to 
an initial same-different judgment on each trial, 
same judgments being faster. If what ‘olds 
true for items also applies to categori« here 
is an additional basis for the category r¢ ion 
effect.) 

From this view it further follows t! vith 
advance information provided, the dec i as 
to stimulus category is unnecessary and ıp- 
propriate subroutine may be accessed to 
the presentation of the test item (provi, of 
course, that access is under executive c 1). 
Advance information, given sufficient for 
its assimilation, should therefore have t re- 


sults: some drop in latency for category 
tions and a decline in RT for category al- 
ternations to the level established by ca! 
repetitions. Both of these effects were ted 
in Experiments II and III. The time re 
to make use of advance information prov 
prisingly long (in excess of 500 msec.), bui this 
finding of itself does not cast serious doub: on 
the model. Actually, the reason that thc in- 
formative signal does not apparently have its 
effect as quickly as preceding stimuli is prob- 
ably two-fold. First, the tone itself is synibolic 
and needs translation, This is probably the 
most important source of an extra delay. But 
second, the interval in question in Experiment 
II is that between the warning tone and the 
stimulus, whereas the shortest interval in. Ex- 
periment I, .3 sec., is that between response ?! 
and stimulus n + 1, which is about 400 msec. of 
RT short of the comparable interval, i.e, the 
prior stimulus onset. 

However, it is not apparent why response 
time should be influenced by the ordinal prox- 
imity of the test item to neighboring stimuli in 
the sequence (Experiment IV). There is, of 
course, no logical requirement that category 
and item repetition effects be explained on the 
same basis, but such a unitary account would be 
appealing in its parsimony. The most telling 
argument against the model derives from the re- 


NAMING LATENCY WITH CATEGORY REPETITION 


sults of eriment III, If S is misinformed 
as to t of the following stimulus and 
acts o: e information, he should be no 
better | 1 to identify the test item on a 


category repetition than on a category alterna- 
tion tri But these trials yield no smaller a 
differe: n response times than is obtained 
with no advance information. Such a result 
cannot ccommodated by the hierarchical 
model. 

The ‘on-shifting model seeks to explain 
the catı repetition effect not in terms of the 
time re ed to access an appropriate encoding 
subrou "t by reference to the time taken 
to retri 'sponse information (or to execute 
a motor program) once a unique encoding of 


mulus has been achieved. As de- 
Jeyer and Schvaneveldt (1971), the 
nes that character names are stored 
ble locations in an organized memory 


model a 
in addr« 


space: t. distance between two specified loca- 
tions | inverse function of the degree to 
which contents are associated. Thus, 
items me category are assumed to be 
“neare: ^ :o one another than to those in another 
catego: information can be read out of only 
a sing ldress at any moment; time is re- 

shift the readout mechanism and in- 


quired 


th the distance between successively 
cations... Within this framework it is 


clear t the time to name a stimulus should 
vary, i* it does in Experiment IV, with its 
ordinal proximity to the preceding item. A 
categor) repetition effect and an item repetition 
effect of greater magnitude are evident deriva- 
tives o same retrieval process. 

The location-shifting model outlined provides 


only a partial account of the effect of advance 
category information. Given that the informa- 
tive warning signal, once processed, directs the 
readout mechanism to an appropriate region 
Within the memory space, the decline in latency 
On category alternation trials is to be antici- 
pated. But the slight, though significant, re- 
duction in RT on category repetition. trials 
(Experiments II and III) is left unexplained. 
Moreover, the sustained advantage for item 
repetitions in advance information conditions 
(Experiments II and III) can only be accom- 
modated if it is assumed post hoc that, after 
Shifting to retrieve the significance of the 
warning signal, the readout device returns to 
its immediately prior location. The model also 
requires elaboration if it is to account for the 
effects on reaction latency of increasing RSI 
(Experiment I): It must be assumed that the 
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retrieval device drifts over time in some non- 
systematic fashion. 
The third and final explanatory scheme to be ; 
considered is based on the concept of associative ^ 
priming (Meyer & Schvaneveldt, 1971; Pavlov, | 
1927; Schvaneveldt & Meyer, 1973). Like the 
location- shifting model, this account assumes 
that memory space is organized, specifically as 
an associative network. The encoding of tl 
test item leads directly to the activation or 
priming of a location within the network at 
which some description of the character, it: 
name or motor program, is represented. There 
follows a passive spread of excitation to other. 
associated locations, the degree of such associ 
tive activation decreasing with distance (the 
stronger the associative link the greater the — 
spread). Excitation summates with repeated ' 
activation and decays monotonically over time. 
The time required to access a location, to re- 
trieve stored information, and/or to execute E 
motor instructions varies directly with the state 
of excitation of the designated location. ; 
The associative priming model as outlined A 
appears adequate to account for most of the Z 
basic features of the present data. The effects — 
of the ordinal proximity of the preceding item 1 
and of category recurrence are both explained ` 
by the residual gradient of excitation. The - 
presumed decay of excitation serves to account 
for the observed decline in category and item — 
repetition effects with increasing RSI. It is, - 
in addition, consistent with the model that ad- ` 
vance information should result in some activa- 
tion of all associated locations, thus speeding - 
the retrieval or output of character names — 
within the designated category (Experiments — 
II and III). A more detailed examination of * 
the data, however, reveals some findings tha 
are not straightforwardly encompassed. Thus, - 
it is not clear from the model why the difference - 
between item and category repetition trials 3 
should have disappeared after 2.9 sec., but not — 
the difference between category repetition and - 
alternation trials (Experiment I). However, ` 
this is not inconsistent if one makes the follow- 4 
ing post hoc assumptions : (a) that there is a 
maximum priming level per location which i 
smaller for points further from source location 
(b) that this maximum is reached later fo| 
more distant points, and (c) that priming be 
gins to decay at a constant rate for all locations | 
some constant time after this maximum is — 
reached. This last notion is supported by data 
of Warren (1972), which suggest equal deca; 
rates for directly and indirectly activated loca- - 


X 


is 


- tions. These assumptions would predict that 
4 although locations relatively proximal to the 
- source reach initially higher levels of activation, 
they would have decayed to levels equal to more 
distant locations before the latter had decayed. 
Further, it is at least surprising that an in- 
formative warning signal should have been more 
effective in reducing naming latencies with a 
Lesec, rather than a .5-sec. foreperiod (Experi- 
ment II), even given the explanation offered 
"above, Last, and perhaps most disturbing, it 
would seem that residual excitation from the 
preceding trial should be sufficient to sustain 
some advantage of category repetition over 
category alternation, even with a favorably 
"placed advance warning signal; the results of 
Experiments II and III do not support this 
“conjecture. However, since we do not know 
the exact time characteristics of the supposed 
excitation and decay, we have little basis for 
surprise. 
- Tts deficiencies notwithstanding, the associa- 
tive priming model must be judged to offer a 
more satisfactory account of the data than the 
erarchical model. Most notably, it serves to 
explain proximity, item repetition, and category 
“repetition effects by means of a single concept, 
e gradient of excitation. Moreover, it is not 
- embarrassed by the observation (Forrin, 1974) 
that combining the two categories in a single 
sequence produces a greater rise in naming 
latencies for digits than for letters over base 
values established for all-digit and all-letter 
sequences. In the hierarchical model the in- 
-creases in RT associated with mixed (two cate- 
- gory) sequences and with category alternation 
are both ascribed to the same source: the inser- 
— tion of an additional encoding stage. This can- 
not accommodate the asymmetric latency in- 
crease, In the associative priming model, how- 
ver, these increases may have different origins. 
t does not violate the model to argue that the 
E mixed sequence effect arises from an increase 
x n perceptual encoding time attending the in- 
‘Crease in stimulus ensemble size, while the cate- 
ory alternation effect stems from an increase 
n time to retrieve the character name or execute 
its motor program. 
EU des of the associative priming 
2 g models is more difficult to 
judge. As explanatory schemes they bear a 
close resemblance and both are able to accom- 
modate ordinal position effects. 


ida : Their simi- 
: larities notwithstanding, the two models do 
- generate differential predictions on which ex- 

perimental evidence may be brought to bear. 


Ie 
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In the location-shifting model retriev "me on 
trial n is conditioned by the posit’ f the 
readout device on trial n — 1 and no . The 
associative priming explanation, to con- 
trary, holds that the state of excit: of a 
location on trial n may reflect, given ently 
long decay times, its state not only trial 
n—1 but on trials considerably mo note, 
A variety of recent studies by ! ngton 
(1969), Theios and Smith (1970), K r and 
Craik (1971), and especially Schva: t and 
Meyer (1973) all show higher order mote 
effects such as would be predicted b) 1880- 
ciative priming view. 

The crucial test between this expla" ; and 
the location-shifting model, and indee: hier- 
archical model, is in Experiment I1] h of 
the latter models imply that the type rivi- 
lege given to a stimulus or a class muli 
from which repetitions or advance in tion 
derive their advantage is selective. In hier- 
archical model, if there is preparati wa 
stimulus or class, then it can be for !/ ulus 
or class alone. In the location shi odel, 
the readout mechanism can be at ol : loca- 
tion at a given instant. Thus both the dels 
predict that on any given trial if on: ulus 
or class is privileged, others must be ac ingly 
unprivileged. On the other hand, the cia- 
tive priming model in no way debars ti rivi- 
lege responsible for repetition effects fro: being 
given to two distant locations simulta: usly. 
Indeed, if the analogy with animal-l- -ning 
literature is permissible, Kalish and ‘ man 
(1957) have shown that two genera! ition 


gradients may coexist after equal training on 
separate stimuli. According to the location- 
shifting model, if in Experiment III on a repeti- 
tion trial the readout device in response to mis- 
information had been located in the wrong 
region of the memory space, access time could 
be no briefer than that characteristic of an al- 
ternation trial with false or no information. The 
same holds for the effect of misinformation on 
the first process in the hierarchical model. 
Yet a significant difference in response times 
was recorded. Such a difference is, of course 
consistent with the assumption that, despite 
erroneous information, residual activation of 
items in the repeated region facilitates access, 
and that advance information acts in the same 
way as does a prior trial. The overall rise in 
mean latency on misinformative trials signifies 
either the superimposition of a generally un- 
settling effect of false information on a full 
priming effect, or that the strength of priming 
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' one location is slightly decreased by 
ved elsewhere, i.e. that strength 


received 


priming 

of actis is limited and has to be shared 
(Badde'c^ Ecob, 1973). This latter hy- 
pothesis i also explain why in Experiment 
II cates petitions did not retain a greater 
advanta er category alternations with ad- 
vance |! tion. 

In co n, the experiments reported here 
have dc trated that sequential effects in 
choice : n tasks are not limited to identical 
repetiti stimuli or responses, These effects 
extend vetitions of members of cognitive 
categor ‘art of the time course of these 
effects h ‘en shown in addition to the manner 
in whic are in turn affected by advance 
catego ormation. The present findings 
strong! vate that the repetition effects re- 
ported ind elsewhere (Entus & Bindra, 
1970; ! », 1974; Rabbitt and Vyas, 1973) 
area s ‘| case of a more general phenome- 
non: a ent of facilitation based on the de- 
gree of iation between the current stimulus 
and ea: events, resulting from a spread of 
excitat: er locations in memory. Further 
support this hypothesis is gained from the 
nature within-category proximity effects 
(Expe: t IV). 

To t! stent that the distinction is useful, 
this is ssive rather than an active process. 
That is, ve effects are inevitably produced by 
prior a: ing of a location rather than being 
an adc strategy (Experiment III). If 
primin; re under control of subjective strat- 
egies, : since two categories can be simul- 
taneous! primed, either by prior presentation 
of an it: or by advance information, Ss would 
be able io keep both categories constantly 


primed and thus avoid the effects of alternation 


and decay. Since they evidently cannot, it 
would appear that the process of priming is not 
under S’s control. Unfortunately, the question 


of the exact locus of the effect is not addressed 
by the present paper. Although Meyer, 
Schvaneveldt, and Ruddy (1972) suggest its 
role to be fairly early in the recognition process, 
it could equally well be in the extraction of in- 
formation, e.g., the appropriate response, from 
a location once accessed. For the moment, 
Morton's (1969) "logogen" model of word 
recognition is probably the most useful con- 
ceptualization, where priming takes place within 
memory locations themselves, affecting both 
identification and response availability. In- 
deed it is presumably just such a process as 
discussed in this paper that is operative in the 
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influence of prior context on decoding processes 1 
in normal reading of continuous meaningful - 
text. 
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ROLE OF OLFACTORY CUES IN ACQUISITION AND 
EXTINCTION OF AVOIDANCE * 


J. K. DUA? anp M. J. DOBSON * 
University of New England, Armidale, New South Wales, Australia 


lIn a hurdle-jumping situation a model animal was shocked behind either an 
opaque door or a transparent door in the safe box, thus providing olfactory 


r olfactory-visual cues, respectively. One control group used a nonshocked 
nodel animal (olfactory control) in the safe box, and another control group 
had no animal in the safe box. The study of avoidance in test animals showed 
hat olfactory and olfactory-visual groups made less avoidance responses when 
In another experiment, olfactory, ol- 


ompared with the control groups. 


factory control, and no-animal control Ss were given extinction after acquisi- 
tion to a criterion. The avoidance in the olfactory group was found to be less 
resistant to extinction than that in the control groups. The results were 
liscussed in terms of Miller's 1951 fear reduction theory. 


Vario:- experiments have shown that 
the pre e of an animal facilitates cer- 
tain re ises in another animal. The 
term "so ‘al facilitation" has been used to 
explain s behavior (Crawford, 1939; 
Smith & oss, 1952; Zajonc, 1965). Feed- 
ing has been observed to be socially 
facilitat in monkeys by Harlow and 
Yudin 33), in dogs by James (1953, 
1960), i in birds (Tolman, 1964, 1965; 
Tolman = Wilson, 1965), Hake and Laws 
(1967) found that pigeons whose key- 
pecking »2sponse was suppressed because 
of the ;.esentation of an electric shock 
exhibited an increase in the response in 


the presence of another pigeon emitting 
the same response. Masserman (1943) 
found that a suppressed eating response 
in a cat was reinstated when the cat ob- 
served another nonfearful cat eating. Da- 
vitz and Mason's (1955) experiment showed 
Similar results with the activity response 
in rats. 

In more recent years, various experi- 
ments have been helpful in showing that, 
the presence of another animal aside, even 
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the presence of olfactory cues in various 
situations may help or hinder the learning 
of a response. Animals have also been 
shown to discriminate among various cues 
provided by another animal of the same 
species. In the field of maze learning, 
Means, Hardy, Gabriel, and Uphold (1971) 
showed that an arm selected by a pre- ` 
viously reinforced S was entered more 
often by other rats, whereas Amsel, Hug, 
and Surridge (1969) showed that different 
cues are given out by rewarded and non- 
rewarded rats, and these cues can serve 
as discriminative cues for the differential 
responding of other rats. Marr and Gar- 
dener (1965) have suggested that specific 
social behavior patterns may be dependent. 
on early olfactory experience in the rat. 
Working with yellow bullheads, Todd, 
Atema, and Bardach (1967) found that Ss 
recognized individuals of their own species 
by means of pheromones and that blinded 
Ss could be trained to discriminate between 
the odors of two donor fish. 

It seems from the experimental evidence 
presented above that the animals exude 
different odors under different conditions 
and that the animals respond to the olfac- 
tory cues. One related area, which has 
not been experimented with, is the ac- ~ 
quisition and extinction of avoidance. 
Moreover, the studies showing that “‘fear- 
ful" olfactory cues may also be important 
in responding have been, to say the least, k 


indirect. 
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The acquisition and extinction of the 
fear response and the responses learned in 


-a fear-arousing situation have been ex- 


plained in terms of fear reduction (Cham- 
pion, 1961; Miller, 1951) and elicitation 
(Denny & Adelman, 1955) theories. The 
fear reduction theorists point out that the 
avoidance response in. the start box is 
learned because it is followed by fear 
reduction in the safe box. During extinc- 
tion the relaxation responses made in the 
safe box are anticipated in the start box 
and dominate fear and avoidance responses 
there, hence causing their extinction. 
Denny and Adelman suggest that the 
animal learns emotional and escape re- 
sponses in the start box and relaxational 
approach responses in the safe box. During 
extinction the relaxational approach re- 
sponses occur in the start box and supplant 
the instrumental responses there. Both of 
the above mentioned theories predict that 
the greater the similarity between the start 
and safe boxes, the more trials will be 
required to reach an acquisition criterion 
and the less the resistance of the instru- 
mental response to extinction. 

Various experiments were conducted by 
the present authors to study the role of 
olfactory cues of a fearful animal in the 
avoidance set-up. Two of these, one on 
acquisition and another on extinction, are 
reported here. The cues were provided 
by shocking an animal (hereafter called 
the “model” animal) in the safe box. 

Four groups of rats were tested to study 
the effect of olfactory cues on acquisition. 


. The model animal which shared the same 


home cage with the test animal was 
shocked before the start of each acquisi- 
tion trial either behind a transparent door 
dividing the two compartments of the 
hurdle-jumping equipment or behind an 
opaque door. The first group provided 
olfactory-visual cues, whereas the second 
group provided olfactory cues only. In a 


control group a model animal, which had 


shared the same cage with the test animal, 
was left in the safe box behind an opaque 
door before the start of each acquisition 
trial. This group will be hereafter referred 
to as the olfactory control group. Another 


J. K. DUA AND M. J. DOBSON 


group providing control for bo ifactory 
and visual cues (model anim. hind a 
transparent door) was also d, but 
since there was no difference ! 'en this 
and the previous (olfactory co: group, 
the results of the olfactory c« group 
only are included in this report ontrol 
group with no animal in t fe box 
(normal avoidance-learning ç ») was 
also tested. Thus, the four gr whose 
results are reported here ar "tory, 
olfactory—visual, olfactory cont rd no- 
animal control. 

In the second experiment, on iction, 
a group of Ss was given normal lance. 
During extinction they were ivided 
into three subgroups called olf. y, ol- 
factory control, and no-animal c 1. The 
model animal was introduced in : econd 
stage of the experiment. 

It was predicted that the olfa z fear 
cues in the safe box would be + ed to 
by the test animal. These cu vould 
mean less reinforcement during a — ‘sition 
and extinction. Hence, the ictory 
groups were expected to show si r ac- 
quisition and quicker extinctio f the 
instrumental avoidance response w! ; com- 
pared with control groups. 

METHOD 
Subjects 

The Ss were 124 male albino rats trom the 
animal house at the University of New i:ngland 
and were 70-90 days old at the time oí the ex- 
periment. The Ss were housed 2 to a cage, were 


given ad-lib food and water throughout thc experi- 
ment, and were handled for 7 days for about 3 min. 
each day before the start of the experiment. Sixty: 
four Ss were used in the acquisition experiment and 
60 were used in the extinction experiment. It i$ 
worth remembering that each of the no-animal 
control group animals in both of the experiments 
was housed with another animal, but the other 
animal was not used during the main part of the 
experiments. There were 8 Ss in each of the 
groups in the acquisition experiment and 10 Ss in 
each of the groups in the extinction experiment: 
The Ss were randomly assigned to the groups. 


Apparatus 


A hurdle-jumping apparatus was used. This 
consisted of two identical compartments, each 
about 25 cm. long and 11.5 cm. wide. The height 
of the compartments was 17.5 cm. The two com- 
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Blocks of ten trials. 
FIGURE 1 can number of avoidance responses 
during acquisition. 

partments a grid floor consisting of 19 bars 
about 1.3 ipart. The Ss had to jump about 
3.8 cm. t om one compartment to the other. 
The cond d stimulus (CS) was a 2,000-Hz. 
tone at ; » produced by a Lovell oscillator. 
The unc ioned stimulus (UCS) was a 60-v. 
electric s! roduced by a Grass Instrument Co. 
shock sti ‘or (Model SD-5C). The CS-UCS 
interval w. * sec. At the start of a trial the CS 
was turno =. This started a reaction timer and 
another : - which was always set at 5 sec. 
(CS-UCS ‘erval). At the end of 5 sec. the UCS 
was intro d. The UCS remained on until S 
jumped fr one compartment to the other. This 
jumping ponse stopped the reaction timer. 
Both the -ompartments and the opaque door 
dividing tl: two compartments were painted black. 
The tran:;.rent door was a thin sheet of trans- 
parent P. X Each of the compartments was 
covered ring the experiment by transparent 
Perspex covers, 
Procedure 

Acquisition experiment. Each test S was given 
3 min. of exploration before the start of the ex- 
Periment in the hurdle-jumping equipment. One 


of the Ss from each cage in the olfactory, olfactory— 
Visual, and olfactory control groups was used as a 
model S and the other one was used as a test S. 
The test animal was placed in the left compartment 
and the door (opaque or transparent depending 
on the S's assigned group) between the two boxes 
was dropped. The model animal was then placed 
in the right compartment (safe box). The com- 
Partments were covered by Perspex covers and the 
model animal in the experimental’ groups was 
shocked for 5 sec, About 20 sec. later the model 
animal was lifted out of the compartment and 
returned to the home cage. About 10 sec. later 
the avoidance trial for the test animal was started. 
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Each model animal in the olfactory control group 
was left in the safe box for the same length of 
time as the model animals for the experimental 
groups, whereas for the no-animal control there 
was no animal in the safe box during this first 
period. 

At the beginning of the avoidance trial the door 
was lifted, the CS was presented, and the UCS 
followed 5 sec. later. The CS and UCS were 
turned off as soon as the test S jumped to the 
other compartment, and the latency of the jumping 
response was recorded. The S was left in the safe 
box for 20-25 sec. After this time S was returned 
to the start box for the next trial. If S did not 
jump 30 sec. after the presentation of the UCS, 


both the CS and UCS were turned off and the — | 
If S jumped before the presen- - 


next trial started. 
tation of the UCS, the CS was immediately turned 
off and the UCS was not presented on that trial. 

Each S was given 50 trials and the latency of 
the jumping response to the CS was recorded on 
each trial. 

Extinction experiment. All 30 test Ss were given 
normal avoidance acquisition training. There was 
no model animal involved in this part of the ex- 
periment. Each S was given 50 avoidance trials. 
At the end of these trials Ss were randomly sub- 
divided into three groups of 10 Ss each and the 
extinction procedure was started. 

The three groups of Ss in terms of times in the 
safe box, shocking of the model animal, etc., were 
tested in the same way as olfactory, olfactory 
control and no-animal control Ss in the first ex- 
periment, except that there was no shock if S did 
not make an avoidance response within 5 sec, 
after the presentation of the CS. Each S was 
given extinction trials (with the cues provided by 
the model shocked, model not shocked, no animal) 
until it reached a criterion of not making an 
avoidance response within 15 sec. of the CS onset 
for five consecutive trials. The latency on each 
trial and the number of trials to extinction were 
recorded for each S. 


RESULTS 
Acquisition Experiment 


The number of avoidance responses (la- 
tency less than 5 sec.) was calculated for 
each S and one-way analysis of variance 
was applied to this data for the four 
groups, yielding F (3, 28) = 17.89, p < .01. 
Figure 1 shows the mean number of avoid- 
ance responses over blocks of 10 trials for 
each of the four groups. The mean num- 
bers of avoidance responses for the four 
groups were as follows: olfactory, 10.2; 
olfactory-visual, 10.4; olfactory control, 
26.5; and no-animal control, 25.6. 
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Ficure 2. Latency during extinction for the three 
groups. 


Further testing of the data revealed 
that there was no difference between ol- 
factory and olfactory-visual groups and 
between olfactory control and no-animal 
control groups. However, each of the ex- 
perimental groups made significantly less 
avoidance responses than each of the 
control groups (p < .01). 


- Extinction Experiment 


To find out if Ss in the three subgroups 
during the extinction stage had reached the 
— same level of acquisition the acquisition 
data (number of avoidance responses) was 
analyzed by applying one-way analysis of 
variance, which yielded, F (2, 27) = .90, 
p> .05. The analysis of the number of 
"trials required to reach the extinction 
criterion, however, revealed a significant 
_ F ratio, F (2, 27) = 36.70, p < .01. Fur- 
ther testing revealed that there was no 
difference between the olfactory control 
and no-animal control groups. However, 
each of these groups required significantly 
"greater number of trials to reach the ex- 
1 tinction criterion than the olfactory group 

~ (p «.01) Figure 2 depicts the mean 
latency for each of the three groups over 
blocks of five trials during extinction. The 
mean numbers of trials to extinction for 
each of the three groups were as follows: 
olfactory, 37.8; olfactory control, 74.7; 
and no-animal control, 66.8. 


DISCUSSION 


It seems quite clear from the ults and 
from Figure 1 that the olfactory and olfac- 


tory-visual groups made significantly less 
avoidance responses when compare’! with the 
control groups. The olfactory ; of the 
animal shocked behind an opaque <7 a trans- 
parent door seem to decrease t ffective- 
ness of the reinforcement prov: by the 
safe box. The fear reduction t! ts may 
say that the presence of fear cu: the safe 
-box makes it more similar to th rt box, 
and each trial thus provides less rc cement 
to the experimental groups. The oliactory- 
visual group was included to find owt if the 
visual cues provided by the sho nimal 
to the test animal lead to any her de- 
crement of the avoidance respon= {owever, 
such was not found to be the ca t seems 
that the visual cues do not add the de- 
crease in reinforcement (or decre: n relaxa- 
tion) introduced by the olfactory © of the 


shocked animal in the safe box. 


In the experiment on extinct it was 
found that the avoidance respo: in the 
olfactory group was less resistant extinc- 
tion than that in the control grou; This 
again leads to the conclusion that cither there 
was less reinforcement in going to a hox that 
had an animal: shocked in it, or thc | resence 
of fear cues in the safe box made it more 
similar to the start box. Given this, the 


results are those predicted by Miller (1951), 
Denny and Adelman (1955), and Ch impion 
(1961). 

The two experiments reported here show 
that the cues provided by a model shocked 
animal are different from the cues provided 
by a nonshocked animal and that other 
animals (rats) of the same species can dis- 
criminate between these cues. This discrimi- 
nation is shown through their responding. 

King and Dua (1970) have shown that 1n 
a normal satiated nonfearful situation à rat 
goes more often toward that side of a maze 
which has or had another rat in it. The 
authors were expecting some differences 1n 
number and/or latency of responses between 
the olfactory control and no-animal control 
groups with the former group of test animals 
going more often to the side containing the 
olfactory cues of model animal. However, no 
such differences were observed in either of 
the two experiments reported here. The dif- 
ference here is that the present studies Were 
conducted in a fear situation. 


=F RIT 
OLFACTORY CUES IN ACQUISITION OF AVOIDANCE 


The experiments presented above are just 
two of the riments showing the role of 
olfactory cues in avoidance. This is another 
factor whi y have to be taken into ac- 
count wh iterpreting the results of the 
avoidance studies, since it is possible that 
rats, the most commonly used animal Ss in 
psychology experiments, may be responding 
to the olfactory cues provided by themselves 
or by another animal. 
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In Experiment I, Ss were presented a dim light and then tested for recognitio: 
(generalization) with test stimuli including the original and several brights: 
values. Seven groups (n = 20 in each) differed in the range (and number 
of test values employed (from 3 to 9). On each trial, S judged the test stimu 

lus as same as or different from the original and also rated it on a 9-point 

brightness scale. This provided both generalization and adaptation lev: 

(AL) measures. Both AL and maximal generalized responding shifted to 

higher stimulus values with longer test series, i.e., with greater test asym 

metry. In Experiment Il, four groups of Ss (n = 20 in each) were tested 
with a long or short range of stimuli with few or many stimuli within each 
range. Only range affected both AL and the location of maximal responding 

"These results strongly support an AL interpretation of the “central tendency 


effect” in stimulus generalization. 


2 In 1962, Thomas and Jones reported a 
study in which Ss were shown a light of 
-..825 nm. and asked to remember it, and 
were then tested (in different groups) for 
generalization (recognition) with different 
series of wavelengths, which were sym- 
- metrically distributed about 525 nm. or 
were asymmetrical to different degrees. 
Only with the symmetrical test series did 
responding peak unequivocally at the value 
of the training stimulus. With asymmet- 
rical test series, responding was displaced 
toward the center of the test series: the 
greater the asymmetry, the greater the 
displacement. This basic finding of a 


l'This research was supported by National In- 
stitutes of Health Research Grant HD-03486 and 
Training Grant MH-10427 under the direction of 
the first author. The work was performed at the 
University of Colorado while the second and third 
_ authors were on sabbatical leave from their home 
institutions. The writing was completed while the 
first author was a visiting professor at the Uni- 
versity of Iowa. We would like to thank Stephen 
J. Young for his assistance in the calibration of 
the stimuli and William F. Battig for assistance 
in writing a computer program to calculate the 
adaptation level values, Donald D. Dorfman of 
the University of lowa and John A. Hébert of 
Colorado State University provided helpful com- 
ments on an earlier version of this manuscript. 

? Requests for reprints should be sent to David 
R. Thomas, Department of Psychology, University 
of Colorado, Boulder, Colorado 80302. 


"central tendency effect" has ; repli- 
cated many times, including st: using 
human Ss (e.g, Hébert, Origh & Mc 
Guirk, 1972; Helson & Avant, 7) and 
both human and pigeon Ss (C. .ntano, 
1972). In a recent theoretic: paper, 
Capehart, Tempone, and Hébe (1969) 
proposed that the central tende: effect 
is explicable in terms of an exti on of - 
Helson's (1947, 1964) adaptati. level 
(AL) theory. Capehart et al. vic AL as 
a stored referent against which a): expe 
rienced stimuli are judged. It is o's sub- 


jective representation of a neutral or 
average value on the continuum in ques- 
tion. The AL is a dynamic referent, 
continually subject to change as new stim- 
ulus information is processed. 

In applying the AL theory to the analy- 
sis of the central tendency effect, Capehart 
et al. (1969) assumed that most exper- 
mental situations are sufficiently distinc- 
tive that the role of residual stimuli from 
past experience is negligible in determining 
the training AL. Thus, in single-stimulus 
training, with the initial exposure to the 
training stimulus, the AL is presumably 
formed at the value of the training stimu- 
lus, the only relevant stimulus experienced 
in that situation. The instruction to Te 
spond on subsequent presentations of the 
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i"ulus presumably establishes 


training 

the decis. rule, "Respond to the pre- 
vailing ^ lue." During generalization 
testing, i^- AL undergoes continual revi- 
sion wit 'ünued exposure to the test 
stimuli 5, with an asymmetrical test 
series, t evailing AL would shift to- 
ward th ‘tral value of the test series, 
and .$'s »onding would be displaced 
accordin 

Consis with the Capehart et al. 
(1969) | are the observations from 
the stuc ited above that the central 
tendenc t occurs progressively as test- 
ing cont , and the magnitude of shift 
is a dire: nction of the degree of asym- 
metry ir; test series. 

Capel ‘t al. point out that the valid- 
ity of th plication of AL theory to the 
analysis 'imulus generalization does not 
depend : e acceptance of any particular 
mathem: -al model for a priori prediction 
of the k of the AL (e.g., the weighted 
log me: That particular model may 
apply t ne stimulus dimensions and 
not too: +s, Thus, in some of the work 
that wil considered in this paper, AL is 
defined . - pirically rather than theoreti- 
cally as e average stimulus, as deter- 
mined ir : rating task (cf. Helson, 1964, 
chap. 4). In several central tendency ex- 
periments, AL was never directly measured 
at all. ther, ordinal predictions were 


made based on assumptions of changes in 


AL as a consequence of manipulations 
known to affect AL in other situations. 
In a receat paper, however, Hébert, Bul- 


lock, Levitt, Woodward, and McGuirk 
(1974) obtained direct evidence for the 
hypothesized link between AL changes in 
testing and the central tendency shift. 
These investigators employed a procedure 
that permitted them to obtain both a gen- 
fralization gradient and an AL score from 
individual Ss. After the exposure of a 
lifted weight training stimulus, Ss were 
exposed to a random series of test weights. 
During each test stimulus exposure, Ss were 
required to make two judgments: (a) in- 
dicating whether the test weight was the 
Same as or different from the training 
Stimulus, and (b) rating the test weight 
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on a 7-point lightness-heaviness scale. 
Hébert et al. (1974) observed throughout 
testing that there was a very strong tend- 


ency for Ss to respond same to weights ' 


which they subsequently judged as 4 (the 
scale midpoint or AL weight) and very 
little tendency to judge as 4 stimuli re- 
sponded to as different. When AL was 
displaced from the value of the training. 
stimulus during testing, maximal respond- 
ing (with same) was similarly displaced in 
a progressive fashion throughout the course 
of testing. 

One of the variables that has been shown 
to affect the magnitude of the central 
tendency effect is the degree of asymmetry 
in the generalization test series. Gener- 
ally, the degree of asymmetry has been 
defined in terms of the difference in the 
number of test stimuli on either side of 
the training value. Thus, for example, 
Thomas and Jones (1962) used five equally 
spaced wavelengths with all of their groups, 
metry: all four (nontraining) test stimuli 
to one side of the training stimulus, three 
to one side and one to the other, or two 
to each side (i.e., zero asymmetry). It 
has generally been found that the greater 
the degree of asymmetry, the greater the 
central tendency shift. No study, how- 
ever, has empirically determined AL as a 
function of differences in test asymmetry; 
thus, the proposed relationship between 
changes in AL and in generalized respond- 
ing remains an inferred one. 

If the Capehart et al. (1969) formula- 


tion is correct, then changes in AL for — 


any reason should be accompanied by 
parallel changes in generalized responding. 
For example, both AL and central tend- 
ency shifts should vary concomitantly as 
a function of the degree of test asymmetry. 
In Experiment I, this hypothesis was tested 
with seven groups of Ss experiencing a 
wider range of asymmetry then has here- 
tofore been considered. In Experiment II, 
the hypothesis was considered that the 
differences in AL and in generalized re- 
sponding observed in Experiment | were 
attributable to the range and not the 
number of generalization test stimuli within 


each range. 


EXPERIMENT | 
Method 


Subjects. The Ss were 70 male and 70 female 
students enrolled in introductory psychology courses 
at the University of Colorado. 

Apparatus. The S viewed a disc of white light 
projected onto a translucent glass screen behind 
a 4.45-cm.-diam. circular aperture in a vertical 
panel. The aperture was placed approximately 
- at eye level. The entire panel was 121.92 X 76.20 
cm. and was covered with black felt cloth. The 
^ source of the white light was a light discrimina- 
tion apparatus manufactured by Lafayette (Catalog 
No. 14011), equipped with a Sylvania 40-w. bulb 
XFB-CA9C-40) Nine different intensity stimulus 
. values (SVs) were chosen so as to be equally spaced 
- 445 log units (approximately 1 JND) apart. These 
E. values were designated as follows: SV 1 (the dim- 
- mest), 0.84 mL.; SV 2, 1.18 mL.; SV 3, 1.64 mL.; 
SV 4, 2.29 mL.; SV 5, 3.20 mL.; SV 6, 4.46 mL.; 
“SV 7, 6.22 mL.; SV8, 8.67 mL.; and SV 9 (the 
brightest), 12.10 mL. 
- Procedure, The experiment was performed in a 
small dimly illuminated room. The Ss were un- 
-' systematically assigned to seven groups with the 
— restriction that there be 10 males and 10 females 
in each. During the 5-min. period of adaptation 
to the ambient illumination level, all Ss were read 
the following instructions: 


if 


This is an experiment in brightness perception. 
At the beginning of the experiment a light at a 
specific brightness will be presented through the 
small hole in the screen in front of you. Try 
to keep the brightness of this light in mind 
because you will be asked to identify this par- 
ticular brightness later on. After one minute 
this light will be turned off, and a few seconds 
later, a brightness will again be presented. You 
must decide whether this is the original brightness 
shown you at the start of the experiment, and 
you must also decide how bright the light is. 
If it is the same light you saw originally, say 
same and also assign a number from 1 to 9, 
with 1 being very dim and 9 being very bright. 
If the light is different from the original light, 
say different and then assign a number from 1 
to 9, with 1 being very dim and 9 being very 
bright. The series of brightnesses which you 
_will have to judge will be shown to you for only 
five seconds each. You must respond while the 
light is on. There will be approximately a ten- 
second interval between trials. 

Now we are going to begin the experiment. 
Remember, try to keep the original brightness 
in mind. Later on, when the series of five-second 
brightnesses begins, respond as rapidly as you 
can, saying only same or different and then giving 
a number from 1 to 9, with 1 being very dim 
S and 9 being very bright. Any questions? 


Only questions concerning the procedures were 
answered by E. Following any needed clarifica- 
tion of instructions, SV 1 was presented for 1 min., 
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TABLE 1 


GROUP TREATMENTS IN EXPER: N: 


Group | Order of SVs in test series | s : E 
EVAAA ET 48 
4 52,34 ! 48 
5 .152,3,4,5 ¢ 45 
6 [52,354 5,6 g 48 
7,511152. 374S, 6:7 7 49 
8 1, 2, 3, 4, 5, 6, 7, 8 6 48 
9'[52,3,45,6 7, $9 5 45 


Note. Abbreviations: SV = stimulus valu« 


during which time the instructions w ntinued 
as follows: 

This is the brightness which yo! e to re- 
member. Study it carefully for minute, 
You will be shown other brightnes for five- 
seconds each which you are to jud pidly as 
being same as or different from thi htness, 
Respond accordingly and then rate the stimulus 
with a number from 1 to 9. 

Ten seconds after the 1-min. present 1 of the 
training stimulus, generalization testing begun. 
The groups were differentiated on the b+ is of the 
series of stimuli employed in the gene: ition as 
follows: Group 3, with SVs 1, 2, and 3, \roup 4, 


with SVs 1, 2, 3, and 4, etc.; through ^roup 9, 
with all SVs from 1 through 9. In an ¿>t 

approximately equate the total number oi «ti 
presentations across groups, different 1 
series of test stimuli were used for « 


16 test 


Thus, for example, Group 3 experienced 

series, Group 6 had 8 series, and Group ? had 5. 
A complete designation of groups, test stimuli, and 
number of test series is shown in Table 1. 


For each S, the test stimuli were randomized 
within each test series, and the designated number 
of test series was administered. Stimuli were prê- 
sented for 5 sec. each and the intertrial interval 
ranged unsystematically from 4—10 sec. 

The number of responses (defined as the verbal 
response same in the presence of a test stimulus) 
made to each of the test stimuli were used to con- 
struct a gradient of stimulus generalization. Simi- 
larly, for each S, a rating gradient was based on 
the mean rating of each of the different test stimuli 
experienced. In addition, for every S, AL was 
defined as that stimulus value which would yield 
an average rating of 5.00 and was computed via 
interpolation or extrapolation from the best fit least 
squares linear regression line fitted through all 
mean rating data points. 


Results and. Discussion 


Capehart et al.'s (1969) adaptation level 
interpretation of the central tendency effect 
following single-stimulus training assumes 
that at the start of generalization testing, 


AL is at t! raining stimulus value and 
the generalization gradient should peak at 
this point. !* is instructive, therefore, to 
consider the same responses and stimulus 
ratings mace by all Ss on their very first 
test trial the 140 Ss in the experi- 
ment, 29 received SV 1 on their first trial 
and of th 23 (.793) responded with 
same, As wn in Table 2, the obtained 
proportio: same responses decreased 
systematic. with distance from the SV 1 
training s lus value. It is quite clear, 
therefore, t S's recognition responses 
were orig quite accurate. 

Most ised ratings in the central 
region (i 5, or 6) on their first trial 
or until t^v had experienced several test 
values. | spite this bias, the mean rating 
given by 29 Ss who viewed SV 1 on 
Trial 1 3.76, not 5.00. "Thus, con- 
trary to Capehart et al. formulation, 
the initia! \L value was greater than that 
of the training stimulus, yet Ss responded 
accurately (o the training stimulus (SV 1) 
and not io the stimulus at the AL value. 

During ‘he course of generalization tes- 

. ting, the pattern of same responses and 
stimulus :.\ings systematically changed as 
a functio: of group, ie, of range (and 
number) of different test stimuli. Since 
the groups had been approximately 
Matched on the basis of total number of 
trials, rather than on number of test series, 
the number of presentations of any given 


Stimulus differed from group to group. 
Thus, to provide a proper comparison of 
the generalization gradients of the dif- 
ferent groups, all gradients were computed 
in the form of the probability of responding 


TABLE 2 


GENERALIZATION GRADIENTS OBTAINED ON 
TRIAL 1 IN EXPERIMENT I 


Test stimulus n 


P same response 
1 29 .193 
2 25 .560 
3 23 A78 
4 12 167 
5 19 210 
6 8 425 
7 16 125 
8 4 .000 
9 4 .000 
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TABLE 3 


RESPONSE PROBABILITY OF GENERALIZATION 
GRADIENTS OF THE SEVEN GROUPS IN 
EXPERIMENT I 


Test stimulus 


Group 
do lspelsIe[eds]s 
3 20 .29 .28 
4 20 45 .51 .21 
5 16 .39 .56 .37 .11 
6 46 .39 .59 46 17 .03 
7 40 .21 .33 .44 .45 .23 .15 
8 09 .22 .38 .54 .58 .45 .18 .07 X 
9 08 .19 .32 45 .51 .49 23 .08 .05 .- 


same to the various test stimuli, Note — 
that for each .$ the probability of respond- - 
ing to a given stimulus, say SV 1, was 
computed as the number of same responses 
to SV 1 divided by the number of times 
SV 1 was presented. The resulting proba- 
bility is thus independent of that computed | 
for each of the other test stimuli for the 
same S. Within groups, there were no 
appreciable differences due to the sex of Ss, _ 
and so mean probability gradients were — 
computed for each group of 20 Ss. These 
gradients are shown in matrix form in 
Table 3. 
It can be noted in the table that the ` 
stimulus to which the maximal probability 
of responding occurred (i.e., that average — .— 
stimulus value which a group identified as 
the training stimulus) shifts progressively < 
farther from the training stimulus (SV 1) 
with increasing test asymmetry, i.e., as | 
test series with greater range are employed. 
Thus, the mean gradient of Group 3 peaks 
at SV 2, the gradients of Groups 4, 5, and 6 
peak at SV 3, and those of Groups 7, 8, 
and 9 peak at SV 5. Because of the spac- 
ing of the test values, the location of the | 
peak gives only a crude index of the loca- - 
tion of the entire gradient on the stimulus 
continuum. This measure is insensitive, 
for example, to differences in asymmetry. 
of the obtained gradients. Inspection of 
the probability matrix in Table 3 indicates © 
that the entire distribution of generalized 
responding shifts up the stimulus con- 
tinuum with increases in length of the test - 
series. Thus, the probability of responding ~ 
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TABLE 4 


MEAN STIMULUS RATINGS AND MEAN ADAPTATION LEVEL (AL) Scores oF 
SEVEN Groups IN EXPERIMENT I 


Test stimulus 


Group a Mean 
1 | 2 | 3 | 4 | 5 | 6 | 7 | 8 | 
| 

3 3.18 4.07 5.17 | 3.08 

4 2.63 3.57 4.38 5.24 | 3.17 
à 5 2.35 3.23 3.95 4.81 5.74 4.50 
ý 6 1.82 2.39 3.03 3.72 4.63 5.69 5.89 
a 7 2.00 2.47 3.19 3.80 4.38 5.20 6.07 | 58i 
Sa PHS arena Sie Pas ADL 252/16. 2 419. 5 4.89.5 5.73 ^. 6.08 6.03 

9 1.78 2.27 2.55 3.13 3.44 3.95 4.92 5.61 | 7.55 

ù tọ SV 1 systematically decreases, whereas From the ratings made of c: imulus, 
_ the probability of responding to the highest a mean rating gradient for : S was 
- test values (e.g., SVs 6, 7, and 8) system- constructed. Since there app | to be 
- atically increases. no sex difference in the rati idients 
There is no single fully appropriate sta- within groups, a group mean ig gra- 
* tistic to evaluate the reliability of the shift dient was computed for each t group 
in the gradients illustrated in Table 3. of 20 Ss. The results of this « tation 
The following are two relevant analyses. are presented in matrix form © able 4. 
The observed decrease in likelihood of Adaptation level may be oi tionally 
responding to the SV 1 training stimulus defined as the stimulus value : would 
| as the test series is lengthened is not receive the neutral or average .imulus 
X significant, F (6, 133) = 1.02, p >.10. rating, in this case, 5 on a 9-p scale. 
E However, the group differences in respond-. As the table indicates, the stis -s that 
- ing to SV 3, which take the form of an would receive a rating of 5.00 s :s pro- 
initial increase and then a decrease with gressively farther from the train: : value, 
- further lengthening of the test series, are SV 1, with increases in the leng: of the 

highly significant, Æ (6, 133) = 8.93, test series, 

p «.01. For statistical purposes, an o»: al AL 

^ An alternative mode of analysis is one (rating) score was derived for «ach S. 


3 that takes into account relative responding 
to SVs 1, 2, and 3 in the different groups. 
"One way to accomplish this is to treat 
_ each S's responses to those three stimuli 
" as a grouped frequency distribution and 
- to compute its mean value. The greater 
_ the tendency to respond to SV 3, for 
example, relative to SV 1, the higher the 
gradient mean value. As expected, the 
. group gradient mean values of Groups 3, 
4, and 5 were substantially lower than 
those of Groups 7, 8, and 9. An analysis 
of variance of gradient mean values was 
performed, with sex of S as a second 
independent variable. The effect of sex 
3 and the Group X Sex interaction were both 
negligible (F < 1), but the effect of group 
was highly significant, F (6, 136) = 5.93, 
p < .01. 


The group means of these individual AL 
scores are also presented in Table 4. Note 
that these scores increase with increases 
in the range of test stimuli employed. An 
analysis of variance of mean AL scores 
was carried out with sex as one inde- 
pendent variable and group (series length) 
as the other. Neither the sex effect, 
F (1, 126) = 1.31, p > .10, nor the Sex 
X Group interaction (F < 1) approached 
significance, but the group effect was highly 
significant, F (6, 126) = 14.72, p < .01. 
As pointed out previously, the AL theory 
requires that the shifts in the value of AL 
and in the point of maximal generalized 
responding occur progressively as general- 
ization testing continues. Because the 
magnitude of shift in both of these mea- 
sures varied positively with degree of test 
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asymmetry (:.c., length of test series), the 
changes tha: occurred during testing were 
most appar in Groups 7, 8, and 9. In 
the upper | of Figure 1 are the mean 
AL values ined from these three groups 
during th quarter of the generaliza- 
tion test during the remaining three 
quarters. each of the groups, the 
observed ise in AL was significant. 
For Grou; t (19) = 3.07, p < .01, for 
Group 8 ) = 3.92, p < .01, and for 
Group 7, ) = 1.74, p < .05. 

In the - panel of Figure 1 are the 
mean gr: mean scores of these three 
groups ( on responding to all test 
stimuli) ig the first quarter of the 
generaliz; test and during the remain- 
ing threc rters. The progressive shift 
in gener | responding toward higher 
stimulus 's is reflected in a significant 
increase ie gradient means of all three 
groups. Group 9, 4 (19) = 2.53, p 
< .025, í+ ;roup 8,1 (19) = 3.20, p < .01, 
and for © sup 7, £ (19) = 2.35, p < .025. 
Although oth AL and gradient mean 
scores i: ised somewhat during testing 
for mos: the other groups in this ex- 
perimen no other group did both 
changes :.-rieve significance. 

The A' interpretation of the central 
tendenc) hift proposed by Capehart et al. 
(1969) d. sands that AL and the location 
of maxis) ! generalized responding be simi- 
larly affe: ied by the manipulation of length 
of test scries. A comparison of the matri- 
ces in Tables 3 and 4 indicates that this 


is indeed the case. Both measures sys- 
tematically increase as the generalization 
lest series is lengthened. At a more mo- 
lecular ievel, however, a necessary cor- 
Téspondence between the two measures of 
performance is lacking. If Ss perceive 
their task as that of responding to the 
Stimulus at their prevailing AL level, then, 
aside from measurement error, maximal 
Tesponding should occur to the stimulus 
value closest to the measured AL. A com- 
Parison of Tables 3 and 4 indicates, how- 
ever, that in each of the seven groups, 
maximal responding occurs to a stimulus 
of lower intensity than the group's mean 
AL. This finding can also be demon- 
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FIRST LAST 3 
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FicurE 1. Mean adaptation level and gradient 
mean scores in the first quarter and the remaining 
three quarters of testing for Groups 7, 8 and 9. 


strated on an individual basis. For 77 of 
the 140 Ss in the experiment, the stimulus 
rating that most frequently accompanied 
the judgment of same as the training stim- 
ulus was 3 or 4, not 5, Indeed, the ma- 
jority of the Ss in each group responded 
maximally to a value rated lower than 5. 

It is clear from the results obtained in 
this experiment that a relationship exists 
between prevailing AL and the point of 
maximal generalized responding, but that 
the relationship is not that of one-to-one 
equivalence, as proposed by Capehart et al. 
(1969). Rather, the data suggest that Ss 
encoded the training stimulus (TS) as, say, 
x units below the “‘preexperimental AL" 
value. During the course of testing, the 
weighting of preexperimental (residual) 
factors decreased such that eventually AL 


TABLE 5 
Group TREATMENTS IN EXPERIMENT II 
Group | Order of SVs in test series | , No: of. | Total No. of 
Sa |1,2,3,4, 5 6 30 
2bo-L 15535065 10 30 
9a -|1,2, 3, 4, 5,6, 7, 8, 9 3 27 
Db |- Mais Weems yay 415570 6 30 


Note, Abbreviation: SV = Stimulus value, 


"was almost entirely determined by the 
range of fest stimuli experienced. The Ss 
continued to respond in accordance with 
the decision rule, TS = AL — x units, 
resulting in the group differences in gen- 
- eralization gradients that were obtained. 
This interpretation accepts the major 
tenet of the Capehart et al. (1969) posi- 
tion, which is that stimulus equivalence is 
defined with reference to the AL value. 
It differs with their position insofar as 
they assume that in single-stimulus train- 
ing, the AL will initially take the value of 
the training stimulus, such that subse- 
| quently Ss continue to respond maximally 
to the stimulus at the AL value at any 
point in time. Where the training stimulus 
s not encoded as the AL (as in the present 
case) we propose that the stimulus value 
perceived as the training stimulus (i.e., 
responded to maximally) bears the same 
relationship to the prevailing AL as the 
- actual training stimulus had to the initial 


EXPERIMENT II 


_ Experiment I indicated that AL changes 
“(empirically determined by the category 
ting method) and central tendency shifts 
ovary as a function of the degree of 
asymmetry in the generalization test series 
sed. In Experiment Il, we endeavored 
to determine which aspect of asymmetry 
accounts for these correlated changes. 
Since total number of test stimuli was 
approximately matched across groups, the 
remaining group differences were in: (a) 
range of test continuum employed, i.e., 
physical or psychological distance between 
the highest and lowest stimulus values ; 
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and (b) number of different t 
within each range. These va bles were 
confounded in Experiment 1 ? separate 
them in Experiment II, we sciccted two 
test series lengths from Experiment I, 
those of Groups 5 and 9. Two groups 
were run under the same test conditions 
as in Experiment I, while two ^t groups 
were run with the same range Lut fewer 
(equally spaced) test values wiihin each 
range. 

If AL is based on a simple ithmetic 
mean) averaging of the psych hysically 
equally spaced stimuli in each tost eries, 
then the number of equally sp: muli 
within a given range should ^nconse- 
quential, because that number Joes not 


affect the average of the seri Again, 
the groups were matched as wcl! as pos- 
sible on the basis of total numbcr of test 
stimuli used. Because all changes in loca- 
tion of the gradients in Experiment I had 
taken place well before the coni;iction of 
testing, the tests in Experimen: |! were 
only about half as long as those in Ex- 
periment I. A complete desigs:tion of 
groups, test stimuli, and number of test 
series is shown in Table 5. 
Method 

Subjects. The Ss were 40 male and 40 female 
students enrolled in introductory psychology courses 
at the University of Colorado, 

Apparatus. The apparatus was the same as that 
used in Experiment I. 

Procedure. The Ss were unsystematically as- 


signed to four groups, with the restriction that 
there be 10 males and 10 females in each. The 
procedure was identical to that used in Experi- 
ment I, with the exceptions indicated in Table 5. 


Results and Discussion 


Because two of the groups in Experi- 
ment II (Groups 5a and 9a) were ap- 
proximately comparable to Groups 5 and 9 
in Experiment I (with the exception of 
the total number of test stimuli employed), 
it was also of interest to consider the 
extent to which the results of Experiment I 
were replicated. Thus, each of the follow- 
ing comparisons included one group from 
Experiment I and two groups from Experi- 
ment II. There were no significant effects 
attributable to the sex of Ss. The mean 


Groups 5 (from Experi- 


AL score: r 
and 5b were 4.50, 4.73, and 


ment I), : 


4.46, respectively (F « 1). The mean AL 
scores for G: 9 (from Experiment D, 
9a, and 9b re also comparable, 7.55, 
6.89, and 6 (F <1). A Sex x Range 
X Group əẸxvelysis of variance indicated 
only a hig!:'y significant effect of range, 
feels. 72) 15.72, p <.01. Thus, the 
effect of group on AL scores observed in 
Experiment i was replicated quite closely 
and was shown to be a function of the 
range and not the number of different 
generaliza test stimuli. 

In order to statistically compare the 
generalization gradients of the different 
groups, i às necessary to derive for 
each S a score reflecting the distribution 
of respo: along the stimulus con- 
tinuum. this purpose, a gradient mean 
Score was obtained by treating the entire 
probabili radient as a grouped frequency 
distributio: and computing its average 
value. 1 measure is much more stable 
than the ‘node, it has a single unequivocal 
value, anc it reflects differences in degree 
of asymmetry as well as in location of the 
peak. Because Ss in the short-range groups 
(Groups 5, 5a, and 5b) lacked the oppor- 
tunity to respond to SVs 6, 7, 8, or 9, 
their gradient mean values would be ex- 
pected to be lower than those obtained for 


the long range groups (Groups 9, 9a, 
and9b). Thus, gradient mean comparisons 
are only appropriate within the two sets 
of groups. The gradient mean scores for 

Toups 5 (from Experiment I), 5a, and 5b 
Were 2.90, 2.89, and 2.78, respectively 
(P< 1). The gradient mean scores for 
Groups 9 (from Experiment I), 9a, and 9b 
Were 4.86, 4.83, and 4.81, respectively 
(F <1), Again, the results of Experi- 
Ment II replicate those of Experiment I 
Quite closely and indicate that the location 
of maximal generalized responding, as re- 
flected by the gradient mean score, is 
uninfluenced by the number of different 
Seneralization test stimuli that are equally 
Spaced within a given range. 

Although both the location of AL and 
of maximal generalized responding were 
Similarly unaffected by the manipulation 
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of number of test stimuli within a given 

range in Experiment II, again a one-to-one 
Correspondence between these two mea- 
sures was lacking. All groups responded — 
most to stimuli of lower intensity than — 
their mean AL value, and in each group . 
most individuals generally rated as 4 or 3 
the stimulus that they had just identified — 
as same as the training stimulus. 


GENERAL CONCLUSIONS 


In Experiment I, it was shown that the 
stimulus incorrectly identified as the training 
stimulus and the measured AL both shift 
toward higher values as the asymmetrical 
generalization test series is lengthened and 
thereby made increasingly asymmetrical, Ex- 
periment II provided a close replication of 
some of the values obtained in Experiment I 
and also determined, in agreement with AL 
prediction, that both gradient means and ALs 
are unaffected by the number of psycho- . 
physically equally spaced values within a given 
test range. 

These results provide strong support for — 
Capehart et al.'s (1969) contention that sys- 
tematic changes in adaptation level during 
generalization testing with an asymmetrical 
series account for the central tendency effect, 
For convenience, Capehart et al. assumed that 
in experimental situations typically used, the 
role of residual stimuli from past experience . 
is negligible in determining test AL. Thus, ay 
the AL was thought to be formed at the value - 
of the training stimulus and the location of 
the point of maximal responding "tracks". 
systematic changes in prevailing AL through- 
out testing. It is only with regard to the 
proposed one-to-one correspondence between 
AL and the training stimulus value that our $ 
results take issue with the Capehart et al. 
formulation. In Experiment I, Ss accurately 
identified the training stimulus and on Test 
Trial 1 yet it was determined that their 
initial AL was greater than the training 
stimulus value. Over the course of testin 
AL changes were paralleled by the change in 
the location of maximal generalized respond- - 
ing. However, both individual and group — 
data indicated that the stimulus value in- - 
correctly identified as the training stimulus 
remained lower than the measured AL value. 
These results were replicated in Experiment II. | 
Thus, in the present experimental situation, — 
the training stimulus appears to have been 
encoded not as equivalent to the AL but | 
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— rather as some value (x units) lower than AL. 
- Such relational rules involving AL appear to 
b. be employed in discrimination learning para- 
- digms (cf. Capehart et al, 1969; Thomas, 
- Svinicki, & Vogt, 1973), but until the present 
= study, it was assumed that in single-stimulus 
- training a simpler (equivalence) rule suffices. 
.In a weight judgement experiment by Hébert 
et al. (1974), a one-to-one correspondence 
between AL and the point of maximal gener- 
alized responding was observed. It seems 
likely that differences in the role of pre- 
experimental experience and/or the location 
of the particular stimulus arbitrarily selected 
— to be the training stimulus account for this 
_ discrepancy between that study and the 
present one. Additional research will be 
needed, however, before any single factor can 
be pinpointed. Along these lines, we have 
initiated a study similar to the present one 
except that prior to presentation of the training 
stimulus Ss are first exposed to a series of 
|. brighter (or dimmer) lights. Our premise is 
- that Ss will encode the training stimulus as 
dimmer than (in Group 1) or brighter than 
(in Group 2) a preexperimental AL based 
upon these pre-training-stimulus exposures. 
Such encoding should then be reflected in a 
subsequent tendency to respond maximally to 
generalization test values that bear this same 
relationship to the measured test AL in the 
two groups. We have accumulated data 
strongly in support of this hypothesis and 
. thus of the interpretation of the present ex- 
periments, on which it is based. 

Before concluding, it is appropriate to con- 
sider whether the present results might be 
interpreted at a more peripheral level, i.e., in 
terms of sensory adaptation. The intensities 
= of the training and test stimuli were so low 
_ that they did not produce a measurable 
- change in the dim level of room illumination. 
- The localization of these stimuli and the fact 
_that they were on for 5-sec. periods separated 
by 4-10-sec. stimulus-off periods suggest that 
- any effects these stimuli would have had on 
S's level of light or dark adaptation would be 
slight and transient. Of more concern would 
be longer term changes in sensitivity as a 
function of time in the experimental situation. 
In order to equate for such an effect, the 
various groups received different numbers of 
test series in order to hold the total test 
3 duration as constant as possible. To the ex- 
y . tent that dark adaptation continued through- 

out testing, the test stimuli should have 

appeared increasingly bright. This would 
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result in a decreasing tendenc 
all test values, but a contin: 
SV 1 which would constitute 
value closest to that of the t 
The facts that (a) as testin: 
shift their maximal respons 
values increasingly removed : 


'espond to 
ference for 
brightness 
imulus. 


(b) the probability of respor: ; the pre- 
ferred stimulus increases in solute as 
well as a relative sense are boi onsistent 
with a sensory adaptation int ition. It 
should also be pointed out ti: itral ten- 
dency shifts such as those obs: iere have © 
been demonstrated with such di nt stimu- 
lus dimensions as wavelength trea, line 
angle, line length, weight, etc ubiquity 
of the phenomenon strongly su ; the ap- 
propriateness and parsimony oí valysis in 
terms of a central judgmental | s rather 
than a variety of different sit i-specific 
peripheral mechanisms, 
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'ARAMETER INVARIANCE IN SHORT-TERM 
ASSOCIATIVE MEMORY? 


:ENNET B. MURDOCK, JR? ann J. ELISABETH WELLS ? 


University of Toronto, Toronto, Ontario, Canada 


nfidence-judgment recognition procedure, a forced-choice recognition 
jure, and a cued-recall procedure were used to test three different 
is of short-term associative memory. Each of eight Ss was given 640 
on each procedure; presentation rate was also a within-Ss variable. 
models tested were a cross-reference model based on independent for- 
ind backward associations, an access-time model, and strength theory. 

> cross-reference model underpredicted recall, but was quite adequate for 
ecognition data. The access-time model could predict either type of 


znition data separately but not together. 


ly. 


A basic of any theory or model of 
memory i ability to make quantitative 
prediction verformance in several differ- 
ent experi: J conditions with the same set 
of paranx values. As variously noted 
(eg., Atl 1, Bower, & Crothers, 1965; 
Kintsch, ^) parameter invariance is a 
demandin; ough not unrealistic test of our 
models. now have a possible model to 


characteri 
tive infor 


hort-term memory for associa- 


ion. It is the cross-reference 


model de sed by Murdock (1974). This 
model is | ed on the fixed-point or fluctua- 
tion mode! of Murdock (1967, 1970, 1972) 
and the f: ward and backward association 
model of Wolford (1971). The Wolford 
model say: that there are independent and 
all-or-no: iorward and backward associa- 
tions relating two members of an A-B pair, 


and these associations determine performance 
in recall and recognition. The fluctuation 
model suggests a basis for these associations. 
The main purpose of the present experiment 


1This research was supported by Research 
Grants APA-146 from the National Research 
Council of Canada and OMHF-164 from the On- 
tario. Mental Health Foundation. The authors 
Would like to thank Rita Anderson, Elaine Ho, and 
Kim Kirsner for experimental assistance, and 
Khalid El-Ayat for programming assistance. 

* Requests for reprints should be sent to Bennet 

Murdock, Jr., Department of Psychology, Uni- 
vee of Toronto, Toronto, Ontario, Canada M5S 


* Now at Massey University, Palmer-ton North, 
New Zealand, 


Strength theory fared quite 


was to test for parameter invariance in three 
different situations. We wanted to see how 
accurately the cross-reference model could 
predict performance in cued recall, yes-no 
recognition, and forced-choice recognition 
when the same probability value (the one 
parameter of this model) was used in all 
three cases. 

In the short-term probe paired-associate 
experiment to be used, there is abundant evi-- 
dence to indicate that the recency effect spans 
approximately two pairs. All earlier list 
pairs are at a stable or asymptotic value 
(Murdock, 1972). This steady-state per- 
formance can be described by the parameter 
p, where p is simply the probability that there 
is an intact association from the probe to 
the correct response. (How this parameter 
p relates to the assumed forgetting and re- 
covery processes of the fluctuation model 
need not concern us here.) The model as- | 
sumes no accessibility problem, so the prob- — 
ability of correct recall is the same as the | 
probability that the forward association is 
intact. Thus, the numerical value of p im- 
mediately gives us the predicted recall per- 
formance. 

Under the conditions to be used, associa- 
tive symmetry generally obtains (Murdock, 
1974). Therefore, this same parameter also 
describes the probability that a backward 
association (say from the target to the 
probe) is available. In a yes-no recognition 
test, a correct response will occur if either 
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_the forward or the backward association is 
intact. (This statement is equally true for 
A-B probes to which the correct response is 
yes or A-D probes to which the correct re- 
sponse is no.) If neither is intact, then there 
is some probability (g) that S will respond 
correctly by guessing. If there is no re- 
sponse bias (ie., if g —.5) then the prob- 
ability of a correct response to an old pair- 
ing, PC,, and the probability of a correct re- 
—Sponse to a new pairing, PC,, will be the 
same ; viz., 


PG =.5 +p = 5p = PC [1] 


This equation, of course, only applies when 
the new pairing consists of rearranged old 
items; the lures must come from the list just 
seen. The cross-reference model does not 
make any predictions about confidence judg- 
ments, let alone the shape of the receiver 
operating characteristic (ROC) curve ob- 
tained from a confidence-judgment pro- 
cedure. Adding the confidence judgments 
to the yes-no procedure was done to test 
other models. 

For the forced-choice procedure, the pre- 
'..dictions of the model can be understood in 
. terms of the cross-out rule suggested by 
Murdock (1963). According to this prin- 
ciple, on a multiple-choice test, 5' would be 
correct if either the forward or the backward 
association of the target pair were intact. 
Otherwise, S eliminates as incorrect all lures 
whose backward association is intact, then 
guesses randomly from the remainder. Tf 
independence is assumed, then it follows that 


the probability of a correct response, PC (n), 
will be 


PCM) = (2p — p) 


— p © Bein, p) 

HEE p) IE [2] 

where B(k; n, p) is binomial in k with pa- 

, tameters n and p, and n is the number of 

lures (1=m—1) in an m-alternative 
forced-choice procedure. 

Two other models that can be tested here 
are the strength theory of Norman and 
Wickelgren (1969; Wickelgren & Norman, 
1966) and the access-time model described 
in Murdock (1974). While not as compre- 
hensive as the cross-reference model, they 
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arison, | 
rmation in 
unidimen- 
ength,” the 
;ardless of 


still provide a useful basis 
According to strength theory 
memory can be represented by 


sional decision axis called “s 
same memory system is used 


onm 


the experimental paradigm (: :nition or 
recall), the decision rules are those o signal 
detection theory (Green & Sw« 266), and 
latency of response reflects - gth in a 


rather direct fashion. In 


ular, the 
further the strength of the m 


nory trace 


from the yes—no criterion, the shorter the 
latency. Strong traces give rise |o fast yes 


ast no 
races are 
«act cut- 


responses, weak traces give risi 
responses, and the intermedi: 
slower the closer they are t 
off point. 

The access-time model is bas 
that the time to find information 
is the basis of familiarity ( 
p 276). A more specific versi 
in Murdock (1974) and is il 
in Figure 1. Assume that th: 
for an old (A-B) probe has th. 
or exponential distribution, 


fet) = e, 


1 the idea 3 
: memory 
1, 19702, 
presented ^ 
ted here 
ess time 
iting-time 


Kini 


[3] 


and the access time for a new -1) probe 
has the similar distribution, 

Falt) = e-«-o, a] 
where A is the rate constant for tie old-pair 
distribution and ta is the displacement of the 


origin of the new-pair distribution along the 
decision axis. Thus, two characteristics dif- 
ferentiate old and new pairs: (a) on the 
average, memory traces for A-B probes are 
found more rapidly than memory traces for 
A-D probes; and (b) some A-B traces 
(those to the left of t4) are found more 
rapidly than any A-D traces. The intercept 
difference (t4) would occur if each pair were 
stored in a different memory location and the 
central processing mechanism required some 
time to switch attention when two items were 
in separate locations. 

In this model, access time rather than 
strength is the basis for decision. As shown 
in Figure 1, there is a criterion t, such that 
faster access results in yes responses while 
slower access results in no responses. Hits, 
false alarms, misses, and correct rejections 
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then follow 1 
produces h 
whether the 
access produc: 
in a similar f 
has the equat 


In (1 — HR) = ) In (1 — FA) — Na, [5] 
where HR and FA denote hit rate and false 
alarms, A pint of In (1 — HR) as a func- 
tion of In (1 -- FA) should be linear with a 
slope of A and an intercept of Afa, and it can 
be tested b confidence-judgment proce- 
dure makine the standard assumptions of 
signal detec theory (Green & Swets, 
1966). A; in standard fashion it can be 
shown that i.e probability of a correct re- 


sponse on a forced-choice test is 


at Nem Ata) ta 
PC(n) = 1e 
1 ee Seconde d 


where the terms are as described above. 


More detail, are given in Murdock (1974). 

The exi.;iment to be reported will test 
primarily cross-reference model and, 
secondarily. both strength theory and the 
access-time model, There are many other 


models of : emory for association which are 


Currently popular. These include interfer- 
ence theor; (Postman & Underwood, 1973), 
the one-elc;nent model (Bower, 1962), var- 
lous three e Markov models (e.g., Atkin- 


son, 1972: Estes & DaPolito, 1967; Greeno, 
James, & Da Polito, 1971; Kintsch & Morris, 
1965), the buffer model of Atkinson and 
Shiffrin (1968), and the replica model of 
Bernbach ( 1969). Either these models are 
not particularly applicable to single-trial 
memory effects or explicit enough for quanti- 
tative predictions, or predictions are possible, 
but the necessary derivations have not yet 
been worked out, Perhaps the work re- 
Ported here will be useful in their further 
development, 

he present experiment collected fairly ex- 
tensive data on individual Ss tested under 
three different procedures; viz., confidence- 
Judgment recognition, forced-choice recogni- 
ton, and cued recall. In all cases, short 
(six-pair) lists of paired associates were 
Présented and followed by a probe test for 
3 single association. All lures. were re- 
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Ficure 1, Access-time distributions for old and - 
new pairs. (All observations to the left of the - 
criterion (fe) give rise to yes responses and are 
hits (H) or false alarms (FA) depending upon 
whether they came from the old- or the new-pair 
distribution, Observations slower than fe lead to 
“no” responses.) (Figure 4.12 from Murdock, 1974.) 


sponses from within the list. In the confi- 
dence-judgment procedure, an old (A-B) or 
a new (A-D) probe was presented, and .$ 
had to respond on a 6-point scale from sure 
—no to sure—yes. In the forced-choice pro- 
cedure, one A term was shown along with m 
B terms (one target and m — 1 lures), and S 
had to select the correct alternative. (The 
values of m were 2, 3, 4, or 6.) In the cued 
recall procedure, one A term was presented 
as the probe, and S had to recall the appro- 
priate B term. For each different procedure, 
two different presentation rates were used. 
Not only did this increase the generality of 
the results but it also permitted several fur- 
ther tests of the models. 


METHOD 


Subjects. The Ss in this experiment were eight 
volunteer undergraduate students who were paid 
for their services. Each S was given one or more 
practice sessions as necessary to familiarize him 
with the procedures, and was then tested on 24 
further sessions. Of these 24, 8 were cued recall, 
8 were confidence-judgment recognition, and 8 were 
forced-choice recognition. 

Materials. All lists were constructed by random 
sampling from the Toronto word pool. This word 
pool (and many procedural details for this type of 
experiment) has been described before (Murdock, 
1970) ; basically, all items are common two-syllable 
words not more than eight letters long, with con- 
tractions, archaic words, homophones, and proper 
nouns excluded. Since the experiment was run on 
an on-line laboratory computer (PDP-12A), it was 
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possible to observe all the canons of random sam- 
pling in the selection of stimulus material. Each IS 
had a different start value for the random-number 
generator, and so each S had his own unique set 
of lists. On each session, all lists and all lures 
were randomly selected from the word pool; sam- 
pling without replacement was used within each 
Session, so no word was used more than once in a 
single session. 

Procedure, In each session, 80 lists were used, 
all with the same kind of test (recall, forced-choice 
recognition, or confidence-judgment recognition). 
Each list consisted of six A-B pairs, presented for 
either 1.5 sec. or for 3.0 sec. per pair. (Presenta- 
tion rate was a between-sessions variable, so all 
lists on a given session were presented at the same 
rate.) The pairs were presented visually on the 
cathode ray tube of the computer. Each list was 
preceded and followed by a row of asterisks, and 
the asterisks appeared for 1 sec. regardless of pre- 
sentation rate. 

On sessions where recall was tested, the probe 
followed the asterisks and S was to type in the 
correct word on the ASR-33 teletype of the com- 
puter. A record of what S typed was obtained and 
subsequently compared with the computer scoring 
to guard against typographical errors. On sessions 
where a confidence-judgment recognition-memory 
procedure was used, following the asterisks, two 
words were shown in the same (horizontally 
aligned) format as had been used for list presenta- 
tion. The probe was either A-B or A-D, and S 
had a row of six telegraph keys to indicate his 
"confidence on a 6-point scale which was, from left 

to right, sure—new, probably—new, maybe—new, 

maybe—old, probably—old, and sure—old. In ses- 

sions where a forced-choice procedure was used, 

the A probe was presented after the asterisks in 

the normal position and the m B alternatives were 
| presented to the right of it, aligned vertically. The 
S had a response panel in front of him with a 
column of buttons, and he had to depress the but- 
ton corresponding to the correct alternative, 

As noted above, performance on a probe test 
such as this is essentially constant for all early list 
pairs, Consequently, to obtain more stable data, 
80% of the tests were on Serial Positions 1-4, and 
only 2096 of the tests were on Serial Positions 
5-6. (This bias was built in to the computer ran- 
domization program.) For the recognition pro- 
cedures, if the probe position was 5, then the serial 
Position of the lure was 6, and vice versa, If the 
probe position was 1-4, then the D item for the 
confidence-judgment Procedure was randomly se- 
lected from this same range. In forced choice, if 
m <4 the same principle was used; the lures came 
from the first 4 serial positions. If m= 6, then all 
6 B terms from the list were used. In all cases, 
though, the lures were invariably list members that 
had not been paired with the probe during list 
presentation. 

For the confidence-judgment procedure, old and 
new probes each had an a priori probability of 50. 
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In the forced-choice procedure, i+ itial position | 


of the m alternatives on the s s random in | 
respect to the temporal posi à iad occupied 
during list presentation. For cuc: il, the serial 
position of the probe was also : subject to 


the 80-20 split mentioned above. 
Latency of response was reco. 
procedures. For recall, it was 
between presentation of the prol 
when the first letter of the res 
(There were editing facilities 2) 
any changes he made did not a! 


or all three 
3€ elapsing 
«b the time 
was typed, 
` to S, but 
` recorded 4 


latency.) For confidence-judgim id forced- 
choice recognition, the latency wa time elaps- 
ing between presentation of the pi nd depres- 
sion of the telegraph key (for confi udgment) 
or the response panel button (fo: 1 choice), 
The intertrial interval (from comp! of the re- 


sponse to display of the beginning r 
was approximately 10 sec, and th 
single experimental session (from : 
off) seldom exceeded 45 min. 
Design. The two between-sc 
were presentation rate and test met! 
rates and three methods, one rep! 
6 sessions. All Ss went through 
replications, and this formed the c. 
ment of 24 sessions. Each of the o 
unique ordering of the 2 X 3 conditi. 
replication, so there was no differen: 
for any of the six experimental cond 


| asterisks) 
tion of a 
n to sign 


variables | 
With two 
required 
complete 
e experi- 
ys had a 
thin each 
:ctice bias 


RrsuLTS 
The data from the three pr ures are 
shown in Tables 1-3. Table ows the 
frequency and the mean latency (i+ seconds) 
of all responses to old (A-B) anc «ew (A- 3 
D) pairings for each confidence udgment 
(——— to +++), separately for Serial 


Positions 1-4 and 3-6 for each S a: both the 
fast and the slow presentation rate. Table 2 
shows the frequency and the mean latency 
(in seconds) of correct (right) and incorrect 
(wrong) choices for the four levels of m 
(number of alternatives), separately for 
Serial Positions 1-4 and 5-6 for each S at 
the two presentation rates. Table 3 shows 
the same data for correct and incorrect re- 
calls, broken down by the serial position of 
the probe. 

According to the cross-reference model, 
the expected frequencies of correct and incor- 
rect recalls would be obtained directly from 
the numerical value of p, while predicted yes- 
no performance and forced-choice perform- 
ance would be obtained from Equations 1 and 
2. For each S, we have the total number of 


TABLE 1 


VsrosENCY (F) AND MEAN LATENCY (L, IN sec. 
AT EacH CONF 


) FOR Ori 
IDENCE JUDGMENT 
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D AND NEW Pairs 


Confidence judgment 
DRIED Serial Positions 1-4 Serial Positions 5-6 
BEI tr Mee eerte + | +4 
Sı 
Fast/Old 
F 9 | 4h 2 3 180 3 0 0 0 0 
it 124) L50| 201] 1.66} 183| 109| 124| 0.00| 0.00 0.00 | 0. 
Fast/New 
F 4 16 5 6 re fre te S eet 1 0 0 0 
D 1.28) 156| 1.96] 206! 1.72] 1.10} 1.14] 1.67] 0.00 0.00 |. 0. 
Slow/Old 
F 2 4 1 0 5. |76 0 0 0 0 1 
p 169, 227| 1.75} 0.00} 1.74] 125| 0.00| 0.00| 0.00 | 0.00 0. 
Slow/New 
F 42 6 2 2 Breve o l 32 0 | 0 0 0 
s L t-32 | 1.76] 2.61) 225| 2.14] 139| 124| 0.00] 0.00| 0.00| 0.00 
2 
>. Fast/Old 
j F 24 6 3 2 7 | 80 1 1 2 0 0 
| L 2.23) &J1| 633| 6.19] 527| 244| 5.67 |17.75| 6.47! 0.00! 0.0 
Fast/New 
F 84 9 5 2 5 |30 | 28 1 0 0 0 
| L 1.92 | 4.31 | 4.06 10.22] 647| 213] 1.67| 612| 0.00] 0.00] 0.0 
3 Slow/Old 
F 40 2 2 2 AE ANY) 1 0 0 0 0 
D 190] $.95| 6.75| 4.80| 7.84 | 2.21| 1.67] 0.00| 0.00| 0.00| 0.0 
Slow/Ne: 
F | 63 4 2 SCA Sere od 1 0 0 0 
ub | 1.90} 407| 6.10) 7.72] 7.37] 2.95] 1.62| 8.62] 0.00| 0.00| 0.00 
i | 
Fast/Ola | 
E | A1 16 7 20 | 25 70 0 0 0 0 0 
EUN | 1.84} 2.04] 2.59| 242| 2.00| 1.42] 0.00| 0.00| 0.00| 0.00| 0.00 
ast/Ne 
F | 49 16 3 4 19 17. |20 0 0 0 0 
L 1.87} 2.24 | 442] 2.30! 2.00| 1.47 | 1.39| 0.00| 0.00| 0.00| 0.00 
Slow/Olà 3 
F 7 9 5 5 |16 60 0 0 0 0 il 
is 1.82 | 2.26) 2.92) 246 | 2.34| 1.54| 0.00| 0.00| 0.00| 0.00] 1.45 
low/New 
F 71 2 4 10 | 21 14 | 32 0 0 0 0 
E 1.95 m 2.74 | 328| 2.34| 2.43 | 1.46] 0.00| 0,00! 0.00 | 0.00 
4 
Fast/Olà 
F 14 8. |15 9 |24 | 59 1 0 1 ; oed. en 
1 Pee 1.7| 2.32] 2.04 | 2.21] 1.79] 149| 1.60} 0.00] 1.77] 0. ji 
: ast/New 
18 8 18 |18 0 0 0 0 0 
8i o io 2.41| 2.22] 1.87| 1.47] 1.29 | 0.00| 0.00| 0.00] 0.00 
ow/Old 
7 1 17 12 18 74 1 0 0 i nia) th 
si 1.54] 1.67| 2.47| 2.24} 2.00| 1.52| 2.22 | 0.00 | 0.0 i i 
; low/New 
F 8 [|15 22 |33 1 0 0 0 
ee 8n $40 ET 2,80| 1.92] 145} 141]| 140| 0.00| 0.00| 0.00 
5 
Fast/Old 
F 23 |32 |55 0 0 1 1 2 
L 2.50 "16 po 6.99 | 495| 2.72] 0.00| 0.00| 445| 617| 3.02 
Fast/New : 
F 23 6 2 | 23 0 0 1 0 
L Shan 3 30 73.92 6.88 | 3.76 | 3.14] 3.18] 0.00] 0.00] 7.25] 0.00 
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frequencies, 


correct and incorrect responses for each of 
- the four forced-choice conditions, the old and 
. new pairs separately, and the cued recall. 
- Thus, the complete data matrix was 2 x 7, 

the rows being correct and incorrect re- 

sponses and the columns the experimental 

conditions. The cell entries, of course, were 
Tests were restricted to data 
from Serial Positions 1-4. "There was 1 such 
2 x 7 matrix for each S at each presentation 


rate, or 16 in all. 


(1965). 


To test for parameter invariance, param- 
eter estimation was done by SIMPLEX, a 
computer program based on the function 
minimization technique of Nelder and Mead 
The function to be minimized was 
The best fitting value of x? was deter- 
mined separately for each S at each presenta- 
tion rate; then these 16 x? values were sum 
med to give the final result, which was x 
(96) = 583, p < .001. 
reference model does not fit these data very 


Clearly, the cross- 
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TABLE 2 


AND MEAN LATENCY (L, IN SEC.) OF Right AND Wrong RESPONSES 
IN Forcep-Cuorce RECOGNITION 


| 


Serial Position 1-4 Serial Position 5-6 
Presentation rate/Response 
m-2 m=3 m=4 m=6 m=2 m=3 A ROS 
St 
Fast/righi 
F 46 27 26 19 7 17 5 21 
L 1.50 1.90 2.28 2.87 1.11 1.18 1.62 2.01 
Fast/wro: i 
F 24 34 46 38 3 2 3 24 
DM 1.64 2.11 2.38 3.15 97 1.39 2.93 2.99 
Slow/rig 
F 38 41 26 25 10 6 12 12 
1.56 1.89 2.60 2.57 1.33 1.40 1.90 1.78 
Slow /w 
10 12 22 20 2 1 0 3 
S L 1.49 1.73 2.28 344 1.34 1.55 - 4.35 
fEast/ri, ; 
F 43 43 37 28 16 14 9 15 
L 3.38 4.03 4.24 5.24 1.93 4.31 2.92 3.58 
Fast/« g 
F 20 22 33 34 1 vii 1 3 
L 4.03 5.18 6.50 8.84 2.20 3.55 6.20 8.47 
Slow / ri 
F 42 4 28 33 16 15 14 12 
L 4.97 5.06 4.39 5.72 1.97 2.37 240 2.75 
Slow /wrong i 
F 22 19 37 33 0. 5 1 2 
á L 4.10 5.38 6.40 6.91 — 517] 1L 2,59 
s/n ht 
F 51 35 30 32 15 14 16 17 
L 1.71 2.06 2.34 240 1.07 1,31 1.63 1.86 
i p 30 1 doen ESEL 1 
d 13 28 33 
L 1.46 241 2.71 | 3.16 92 | 1.86 3.20 2.22 
AT E 4 41 16 10 9 16 
2 47 1 ; 
L ET. 2.26 PHY BN ERE 1.27 1.31 1.54 1.82 
Slow/wro 
eel 12 [a 395 fas 0 0 D 0 
s L 1.61 2.80 3.04 3.62 —— — — 
4 
Fast/right 
ORE 36 35 20 17 1 13 
L tins "n 2.65 2.84 1.26 145 1.72 1.93 
Fast/wrong 
F 15 31 33 32 1 0 0 0 
Si L 1.74 2.38 | 240 | 311 .97 A Em is 
Slow/right 
] 46 36 15 24 13 18 
E m EE. 2.95 3.16 1.25 140 1.76 2.10 
Slow /wrong 
F 21 24 0/55 1 0 
L Hass Vs 2.67 2.91 — 147 — 2.96 
Ss 
Fast/right™ $ us 
44 45 13 16 13 1 
L m Sas 6.02 8.81 2.55 2.19 3.39 3.80 
Fast/wrong . : 
21 22 0 5 1 
L Iso 2 20 st 14.1 12.8 — 3.61 847 7.95 
Slow/right ; 3 
43 45 22 8 18 16 
L E. ot os 6.67 6.97 2.26 2.66 3.47 342 


pw EXAM. 


BENNET B. 


MURDOCK, JR. AND J. ELISABETH WELLS 


TABLE 2—(Continued) 


Serial Position 1-4 Serial Pos 
Presentation rate/Response 
m=2 m=3 m=4 m-6 m-2 m-3 
Slow/wrong 
F 11 11 17 15 0 1 4 
L 6.54 8.32 9.58 14.5 — 15.9 10.6 
Se 
Fast/right 
F s 45 38 27 25 12 16 17 
L 2.84 2.85 3.19 3.93 1.82 1.09 242 
Fast/wron, 
E í : 22 25 39 37 1 1 iN. 
L 2.62 3.29 3.82 3.34 3.02 1.47 | 28292 
Slow/right | 
F 41 49 40 33 21 13 | 11 
3.00 2.80 3.72 4.96 1.91 1.59 | 2.19 
Slow/wrong 
F 18 17 25 35 0 1 
Lp 3.67 3.36 4.47 4.32 — 2.37 22 
5; 
Fast/right 
E i 48 42 35 17 16 14 
E 2.61 2.85 4.07 5.04 1.70 143 | | 230 
Fast/wrong 
F 15 15 15 29 0 3 2 
L 3.41 2.98 4.20 4.93 — 1.83 | 5.62 
Slow/right | 
F 50 43 38 53 20 26 | 15 
LE 248 2.82 346 4.58 1.56 1.69 | | 2m 
Slow/wrong | 
E 10 11 21 11 0 0 Bee! 
L 3.71 3,52 5.39 7.02 — — | | 5.32 
Ss 
Fast/right | 
F. 43. 44 40 45 18 15 1 10 
D 3.15 4.38 3.72 5.31 1.32 2.03 20 
Fast/wrong | 
F 19 21 28 24 0 0 2 1 
L 3.19 5.03 5.41 7.47 — — 7.32 
Slow/right 
F 54 48 46 55 15 18 15 13 
2.86 3.26 447 5.14 1.51 247 2.17 3.39 
Slow/wrong | 
F 10 12 19 12 1 2 0 | 70 
L 4.26 6.11 7.10 9.99 1.22 3.20 E TA 


- well. This result is not due to one or two 


bad Ss: while of course there is variation 
from S to S, each of the 16 cases considered 
individually differed significantly from 
chance at the 01 level. 

It is generally considered that statistical 
significance is not a particularly appropriate 
test of a model; any model we have can prob- 
ably be disconfirmed in this sense. How- 
ever, when the fit is as bad as it is here, 
something is obviously wrong. It is instruc- 
tive to see where the model fails. Basically, 
the problem is the recall data. The obtained 
performance is never lower than the pre- 


dicted performance; when it is off (which 
is most of the time), the obtained number of | 
correct recalls is always higher than the pre- 
dicted number of correct recalls. More spe- 
cifically, when summed over all eight Ss at 
each of the two different presentation rates, 
the obtained number of correct recalls is [ 
more than 50% above the expected number 
of correct recalls, and there is not a single 
individual case where the obtained value is 
more than 5% below the expected value. 

To see if this explanation is the complete 
Story, the estimation was rerun with the re- 
call condition eliminated. Now, x? (80) = 


TABLE 3 


ney (F) AND MEAN LATENCY (L, 
Incorrect (Wron; 
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IN SEC.) FOR CorrEcr (Right) AND 
g) RECALLS 


Response and 
measure 


Fast presentation 


Slow presentation 


>1 | SP2 | SP3 | SP4 | SPs | SP6 | sp1 | SP2 | sp3 SP4 | SP5 
Si 
Right 
F | 13 12 17. |20 134 114. |15 16 | 22 17 
in 287| 2.67 | 3.41) 242| 2.00| 1.88| 2.9 | 3.62] 3.32] 2.81| 2.65 
Wrong 
F 7 56 47 |52 | 10 0 -|52 45  |51 38 15 
E 580 | 3.58 | 3.41 | 312] 2.86| — | 465| 4.97} 3.65| 4.59] 4.58 
S 
" Right 
F ) 13 2T 5 389 122-1-| Soke Tego e pm 3g 0 [47 
L 341) 470| 407| 2.95| 2.29] 2.33| 4.34| 3.26 | 4.58] 3.50| 2.98 
Wrong 
F 14 45 35 |29 8 4 ]|36 ]|60 | 41 34 9 
L 0.26 | 6.64) 6.44| 6.61} 4.60| 5.004| 6.41] 6.81| 5.522| 6.23| 4.69 
Si 
" Right 
F 14 18 1575:43772/25:5* | 38:5 36 072891207 | 4^ 51:26; 
3.36 | 3.43 | 2.60} 2.86] 1.57| 1.53| 3.23} 3.47] 3.05] 3.30| 2.18 
Wr 
ile 14 50 |48 | 23 2 1:1 31:385) pcp fc ai ime 3 
L 4.22 | 445) 4.44] 4.22! 4.46] — | 7.47] 7.19] 6.01] 7.30] 7.66 
Ss 
Right 
F 21 26 24 |51 |25 AE |20 |34 |30 |49 | 31 
L 3.57 | 2.75] 344| 2.35} 2.00| 191| 3.77| 3.21] 3.35] 3.22] 2.15 
Wron; 
7 | 41 30. |34 26 2 OSBORN 3745 730-13 2 
B L | 457| 5.00| 467| 504| 3.08| — | 6.96| 6.80| 7.06 | 6.61 | 10.09 
D 
Right 
F 26 25 20 pace) or} Sear] Uy (cee A OEA ce Ree yy) Ce Ma BR 
L 3.84] 4.01] 3.86] 3.89] 240] 2.33) 4.88] 4.32] 3.65] 3.60| 2.74 
Wrone 
y 31 55. ALZA 2 OEA A ER 1] 32011 23 6 
3 L 8.07 | 9.16 | 11.66 | 723| 595| * 8.85 | 9.27 | 9.89} 7.75 | 7.72 
DII 
Righ: 
ii 9 14 12 23. |18 19. | 13 1o 5 fs (igen bs Ae 41/25 
L 2.74| 321| 3.03 | 2.56 | 2.00 | 1.74] 2.75 | 3.04] 3.07] 3.06} 2.12 
Wrong 
7 53 53 59 |45 |t 4 |56 |58 |47 | 47 1 
L 3.21 | 2.82] 3.24] 2.40] 2.28] 2.16] 3.24] 2.76] 2.88] 2.90] 5.95 
Sy 
Right 7 37 
F 5-28 =P [802 01/30 931.58 EE a 20 138 13. 
L - pro n 3.55| 3.07 | 2.39] 1.83| 3.39] 3.30] 3.37] 3.61 | 2.73 
Wrong 2 3 
F 43 32 49 28 7 1 32 35 32 
L 5.1| 6.08| 6.0»0| 6.19| 5.88 | 6.48| 860| 865| 6.39| 7.20) 10.48 
E 
NS d£ |43. | og 
F 2 24 26 38 38 24 45 43 
L 107 448| 3.86| 3.66] 2.74] 2.21} 3.61] 3.49] 4.67] 3.93) 2.62 
Wrong r 3 1 
1 2 5 19:125 :-|19---|2 
L 73.20 EI 3549 3, 56 6.51 | 3.11| 13.00 | 8.76 | 8.71] 8.90] 8.75 


Note. Abbreviation: SP = serial position, Asterisks indicate missing data, 


193.4, so the fit is much better, even with 
fewer degrees of freedom. However, this 
value still differs significantly from chance at 
the .001 level of significance. Consequently, 
while underestimation of recall is clearly a 
- major flaw of the cross-reference model, it 
- is not the only problem. 

A further perusal of the data suggested 
that, for some Ss, the assumption that g = .5 
was quite unrealistic. Most of the Ss seemed 
to have a bias in favor of yes responses in 
the yes—no recognition tests, though there 
were one or two Ss who seemed to prefer no. 
Consequently, the model was relaxed to allow 


| both p and g to be free parameters, and the 


resulting reestimation gave x? (64) = 98.31. 
- This result is much better and, even though 
E statistically it is significant at the .01 level, in 


- absolute terms it is not all that bad. Also, it 
P. 


was reassuring to observe that the resulting 
estimates of g differed appreciably from S to 
S but were quite consistent across the two 
3 presentation rates for each S individually. 
Thus, it would seem that the cross-refer- 
ence model can do a reasonable (though not 
impeccable) job of predicting forced-choice 
and yes-no recognition with only two free 
|. parameters, p and g. To see how well it 
could handle forced-choice data alone, the 
four forced-choice conditions were analyzed 
with the single free parameter p. Here y? 
(48) = 65.9, p > .05, so the fit was quite 
good. Thus, the cross-reference model can 
= do a perfectly acceptable job of accounting 
for the data of the m-alternative forced- 
“choice procedure when four different values 
_ of m are employed. 
_ For comparison purposes, we then con- 
_ sidered how well the access-time model and 
- strength theory could account for the data. 
- Since neither model can predict recall per- 
formance without further assumptions about 
"retrieval processes and accessibility, the tests 
were confined to recognition. For the access- 
time model, a somewhat different approach 
= was used. The two parameters of Equation 
5, A and fa, were estimated separately for 
each S at each presentation rate from the 
confidence-judgment data using LOGROC. 
LOGROC is a maximum-likelihood estima- 
tion procedure developed by the second au- 
thor which is comparable to EPCROC of 
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Ogilvie and Creelman (1968 
theory. Using the obtained parameter esti- 
mates from LOGROC, the forced-choice 
performance was predicted by Equation 6, 


for strength ^ 


The result was x? (64) = 207.8, as before, 
computed separately but thc :mmed over 
Ss. Again this is not too gocd a fit, but it 
must be remembered that th: ere no free 
parameters. The values of A : ‘a were ob- 
tained from LOGROC and the simply sub- 
stituted into Equation 6 to a: it the pre- 
dicted results. 

As a basis of comparis ne can. do 
exactly the same for strength ‘cory, 
estimates the standard d' p eter from 
EPCROC, then uses the tah in Elliott 
(1964) to obtain the predicted Here, d 
x’? (64) = 314.5, which is sons what worse 
than the access-time model. , neither ] 
the access-time model nor si h theory 4 
does a very adequate job of predicting the 
forced-choice recognition data with param- 
eters estimated from the confidi judgment | 
procedure, but of the two, strength theory is 
somewhat worse. 3 

An alternative procedure is «ply to fit 1 
the forced-choice data directly with SIM- 
PLEX so that, in each case, to inodel pa- | 
rameters are free. For the access-!iiie model, 


the parameters would be A 
strength theory, the only paran 
For the access-time model, x* (32 ^ 
while for strength theory, y? (48) = 91.78. - 
Since the strength theory value differs sig- 
nificantly from chance at the .01 level while | 
the access-time model value is not significant — 
z= 1.79), by that criterion one could say 
that the access-time model again does a better 
job fitting the forced-choice data of the ex- ] 
periment. Further, it is quite clear why 4 
strength theory fails; the observed range mM 
performance due to variation in m was con- 
sistently less than the predicted range. 
Another test is to look at the confidence- 
judgment ROC curves directly. Basically, 
strength theory describes them in terms of © 
normal distributions, while the access-time 
model describes them in terms of exponential 
distributions. Both EPCROC and LOGROC 
report goodness of fit by chi-square. For 
the ROC curves, for strength theory, x 
(47) = 92.66, while for the access-time 


One f 


| 


model, y? (47) = 49.00. Not only was the 
access-time model much the better of the two 
but also its ie was close to its expected 


value (i.e., the number of degrees of free- 
dom). So, one can say that the access-time 
model fits t! ta so well there is no room 
for improvement. In comparing the ob- 
served and expected results in the confidence- 
judgment matrices, it was impressive to see 
how often t! :ess-time model gave a max- 
imum obser ed — expected difference of no 
more than one or two, 

Since tl :css-time model fits the ROC 
curves so \ it is appropriate to ask how 
the model »:1ameters vary with the experi- 
mental mau: ulation. The mean values of À, 
the rate co: ant, were 2.52 and 3.94 for the 
fast and presentation conditions, re- 
spectively. The mean values of fg, the inter- 
cept diffe: , were .15 and .19 for the fast 
and slow , respectively. By ¢ tests, the 
former dif! -ence was statistically significant, 
E= 2 while the latter difference was 
not, t (7 .96, Thus, a partial experi- 
mental se;ration has been found in that 
presentation: rate seems to affect only one of 
the two parameters of the model. After the 
fact, it is suite reasonable that the results 
turned out this way, but the model is too new 
to claim any more than face validity for this 
finding. 


The different presentation rates used make 


possible several further model tests. Strength 
theory clearly should predict shorter re- 
Sponse icies at the slower presentation 


Tate since a stronger memory trace should 
exist. (Accuracy did indeed show the ex- 
pected ct; for the confidence-judgment 
procedure, for instance, the mean proportions 
correct over the first four serial positions 
Were .682 and .755 for the fast and slow 
Presentation rates, respectively.) However, 
Mean response latencies for hits, summed 
over Ss and replications at these first four 
serial positions, were 1.92 sec. and 2.06 sec. 
for fast and slow rates; for correct rejections, 
they were 2.26 and 2.24 sec. for fast and slow 
Tates, respectively. Thus, there was little or 
no difference in latency as a function of pre- 
sentation rate, and such difference as there 
was went in the wrong direction. For hits 
and correct rejections combined (in other 
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words, for correct responses), mean response — 
latencies were 2.09 sec. and 2.15 sec. for the - 
fast and slow presentation rate, respectively. 
"Thus, strength theory is clearly wrong in its 
prediction about latency of recognition as a 
function of presentation rate. 

Finally, the access-time model can make 
predictions about latency if one is willing to — 
specify decision time. If decision time is 
thought to be constant, then the most test- ' 
able prediction is that hits should be faster 
than correct rejections. If it is assumed that 
decision time decreases with distance from 
the yes-no criterion, then the main predic- 
tion that can be tested is that hits should be 
faster than false alarms. The first prediction 
was generally correct; mean latency for hits 
was less than mean latency for correct re- 
jections for fast and slow presentation rates — 
at early and late serial positions. For this — 
test, hits and correct rejections were defined 
to be high-confidence yes and no responses to _ 
old and new probes. Out of 32 comparisons — 
(two rates, two sets of serial positions, and — 
eight Ss), hits were faster than correct re- 
jections 26 times, and by a sign test, a 26-6 
split is significant at the .001 level. j 

For the comparison of hits and false . 
alarms, the mean latencies went one way at 
the fast presentation rate but the other way | 
at the slow presentation rate. (Here, only 
the first four serial positions could be ana- 
lyzed; there were almost no false alarms for it 
the last two serial positions.) When the data ' 
are combined over presentation rate, the - 
mean latencies were 2.00 sec. for hits and . 
1.89 sec. for false alarms. Since it would - 
seem that false alarms are slightly faster than 
hits, the second assumption about decision | 
time was not supported by the data. 
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Discussion 


The cross-reference model did not succeed in. 
predicting performance in the three different 
conditions used here. The main fault was that 
recall accuracy was underpredicted. Not only 
was there no “accessibility problem" in recall, — 
but the level of recall was better than it should — 
have been. E 

With the not unreasonable addition of a | 
guessing parameter, the cross-reference model 
could account for the forced-choice and yes-no ^ 


recognition fairly adequately, and it did an ex- 
cellent job on the forced-choice data alone. To 
provide a balanced evaluation, the very fact that 
the cross-reference model is specific enough to 
be subject to this test of parameter invariance is 
no small point in its favor. And, it should be 
“noted, predicting performance for three different 
tasks at a quantitative level with only one or 
two free parameters is quite a demanding test 
for any model. 

Of the three models, there is little doubt that 
strength theory came out a poor third. It over- 
predicted the variation in forced-choice perform- 

ance with variations in m, the number of 
alternatives; it was less adequate than the ac- 
b cess-time model in the simultaneous prediction 
of forced-choice and yes-no recognition, the fit of 
the ROC curves to strength theory by EPCROC 
3 was worse than the fit of the ROC curves to the 


-access-time model by LOGROC, and even the 
tens predictions were contradicted by the 
data. 
ES The problems ^ in comparing yes-no and 
- forced-choice recognition have been discussed by 
— Wickelgren (1968). If the strength distribu- 
j tions of correct and incorrect alternatives are 
not independent, then the comparison is more 
difficult to interpret. However, data discussed 
- in Murdock (1974, p. 98) suggest that inde- 
pendence does in fact obtain. One could argue 
that in forced-choice recognition varying 
amounts of output interference are produced by 
the value of m. However, it is quite clear that 
a steady state has been reached for pairs at 
Serial Positions 1-4, and a few test items will 
not exert any significant amount of output inter- 
ference. Yet another problem is a_ possible 
 speed-accuracy trade-off. Perhaps Ss vary their 
L criterion across presentation rates, and the fast 
= responding at the faster presentation rate re- 
—— flects this change. While logically such a pos- 
- sibility cannot be denied, some direct investiga- 
- tions of speed-accuracy trade-offs in short-term 
- associative memory produced some data incon- 
sistent with the basic assumption (Murdock, 
1974, p. 288). 
= Still a further problem is the fact that the 
- confidence-judgment, forced-choice, and recall 
_ procedures were blocked across sessions. As a 
consequence, S always knew how he would be 
t tested on any particular list. There is evidence 
' (Carey & Lockhart, 1973; Tversky, 1973) that 
encoding or storage of information varies with 
the method of testing (recall or recognition), 


* We are indebted to a reviewer of this paper for 
his discussion of these problems. 


BENNET B. MURDOCK, JR. AND J. ELISABETH WEL'.- 


so the assumption that all tests '^» into or re | 
flect the “same” memory trace pect. How- 
ever, these studies compar: recall and 
recognition, and associative in on may not 
be so malleable. Also, thi would be 
equally applicable to the thr «d theories, 
and while it could affect the > precision 
with which they fit the data "ns unlikely 
that it would affect their relat “ring. 

The question of how accu wies as a 
function of the number of forc: ce alterna- 
tives has long been a question rest in the 
study of recognition memory. -oss-refer- 
ence model fits the data very w To ap- 
preciate what this means, the sa: ta were fit 


Murdock 
there is a 
ve can be 

: randomly 
el was fit 
it could 
ror-elimi- 


according to the cross-out ri 
(1963). This rule says simply 
certain probability that each al: 
eliminated as wrong, then S ; 
from the remainder. When ti 

to the data with SIMPLEX, : 

do was x? (48) = 163.8, where | 


nation probability was the si! c param- 
eter. This model did very badly ;pared to 
a value of 65.9 for the cross-1 ce model, 
and the reason was quite clea: > obtained 
variation in performance as a fun: of m, the 
number of alternatives, was co ntly less 
than the model predicted. As } n noted, 
strength theory did poorly for t^ e reason, 
"The cross-reference model, how as about 


right. In effect, then, the app: e model 
for forced-choice recognition perfo: ce seems 
to be one that says that on some į ;rtion of 
the trials, S remembers the correc: «esponse, 
while on the remainder, he guesses :^'ectively. 

How do these results compare with other 
studies? Wolford (1971) found that the cross- 
reference model fit his data very well. He 
apparently pooled his data over Ss before fitting 
the model. We tried that too, but it did not 
help. There were, however, several experi- 
mental differences between his study and ours. 
He used a slower presentation rate, longer lists, 
different stimulus material (word-number 
pairs), tested all list pairs, and test condition. 
was a within-list rather than a between-list 
variable. To know which of these differences 1$ 
important would require further study. 

Both Green and Moses (1966) and Kintsch 
(1968) tested forced-choice and confidence- 
judgment recognition, but not recall. In both 
cases, they found that strength theory could do 
an adequate job, but they were testing item 
information, not associative information. We 
have consistently found differences in these two 


PARA 


cases; strength ‘heory can indeed account for 
ry when item information only 
might be noted that in both 
parameters were estimated 
condition and then used to 
nce in the forced-choice condi- 


recognition m: 
is under test 
these studie: 
from the ye 
predict perf 


tion. Since : will be variability in both 
sets of dat: the techniques now exist, it 
seems prefe to run a single estimation on 


all the con: whose data is to enter into 
the analysis 
Norman 
of four dig 
conditions 
same set o! 


Wickelgren (1969) used lists 
s and compared the same three 
sed here. However, since the 
stimulus digits and the Same set 


of four res ligits were used over and over 
again thro: it the experiment, as the authors 
suggest, tl -all" condition is really a four- 
alternative ¿nition procedure. Also, it was 
an A-B, j gm as the stimulus terms and 
the respo: rms were simply re-paired on 
every tria jowever, it is interesting to note 
that they t parently found the forced-choice 
recognitio rformance was not well predicted 
from the ^ ) recognition performance. 

In conc n, it would seem that some though 
not all t! ims made for the cross-reference 
model by dock (1974) have been substan- 
tiated. ( y, the recall discrepancies need to 
be rectifi nd it would be nice to extend the 
model tc unt for confidence judgments, the 
ROC cur, and latency data, The access-time 
model, w e not so powerful, still has an at- 
tractive plicity. It too has gained some ad- 
ditional support from the evidence reported 
here. Sircagth theory, however, appears to be 
the weakest of these three models and was quite 
inadequai: in accounting for the present ex- 
Perimenta! data. 
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CLASS STRUCTURE IN THE BIASING OF 
PERCEIVED PATTERN SIMILARITY : 


irrent judgment models underlying multidimensional scaling assume that 
rceived interstimulus proximity is determined solely by intradimensional 
i'lerences between stimuli, independent of context effects. Class structure 
sents a context effect, with class centroids constituting multidimensional 
The dependence of proximity judgments on 
iss structure was examined to test the appropriateness of the multidimen- 
ional scaling (MDS) judgment model for configurations containing element 
Stimuli were multidimensional patterns generated to form two 
s. Feature usage in judgments of intraclass similarity differed markedly 
rom that in interclass similarity judgments. Moreover, the perceived simi- 
larities of 90 between-class pairs were in part determined by the distances 
of the pair members from class centroids, as well as by intradimensional dif- 
ferences. The partial context dependence of subjective proximity estimates 
uggests a source of incompleteness of the current MDS judgment model as 
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nchors within a configuration. 
lusters. 
cl 
applied to class structured events. 
The success that researchers have had 
using mu :idimensional sealing (MDS) tech- 
niques : ests the assumptions underlying 
the application of these procedures are, to 
a large .«tent, valid. Perhaps the most y 
fundam.:tal assumption of the MDS model main. 
is that stimulus objects can be represented 
às poinis in a geometric space such that 
the order of the metric interpoint distances 


matches the observed dissimilarity order- 
ing. Frequently, the goal of MDS analyses 
has been to recover the projections of the 
Stimuli on the axes of this geometric con- 
figuration and to interpret these axes. 

As Beals, Krantz, and Tversky (1968) 
have pointed out, in the judgment model 
underlying these analyses it is assum: 
that the relevant subjective parameters are 
the intradimensional differences between 


1 This research was supported by Temple Uni- 
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stimuli on the coordinate axes. These axes 
are assumed to represent perceptually 
salient features of the stimuli which ideally 
can be interpreted in terms of measurable 
physical characteristics of the MDS do- 
Thus, the specific assumption of 
the MDS judgment model is that theid 
critical parameters for the observer esti- 
mating the dissimilarity or similarity be 


tween events are the intradimensional dif- | q 
ferences between events along a set of - 
salient axes of a subjective multidimen- — 
sional configuration. c 
Consider two elements, X; and Yj, within 
a configuration. Each element may be 
defined by a vector of projections x; and yi 


on the k axes of the configuration: 


p 
5 


xp (xn io... Xip oix) 


= (ym Yin - in Pik) 


x 
l 


where xi; and yi; are the projections of 
elements X; and Y; on the jth axis of the 
configuration. According to the axioms of 
a metric distance geometry, the distance 
between X; and Y; is some function of the 
difference between x; and yi. In other 
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words, distance is defined solely in terms 
of intradimensional differences between the 

elements themselves, independent of the 

location of any other elements within the 
configuration. 

It is also possible to specify the distance 
of any element from some arbitrary point 
in the space in which it is embedded. If 
clusters exist within the configuration, then 

` points of interest might be the centroids of 
these clusters. Defining X. and Y. as the 
centroids of clusters X and Y, from which 
patterns X; and Yi arise, respectively, we 
may represent these centroids by their pro- 

_ jections on the axes of the configuration: 


RA 
++ Dok)» 


Xe = (Xen Xen 


Ye (yen Ye 


oet 


DE DD 


where x,; and y,; are the projections of the 
cluster centroids X, and Y, on the jth axis 
of the configuration. 

With elements X; and Y; described by 
their projections x; and y; on the various 
axes of the configuration and cluster cen- 
troids X, and Y. similarly described by 
X, and ye, we may consider the distances 
between elements and the cluster centroids 
as follows: 


XX. = f(z —x) XY. = f(x — ye) 
YY. = f(vi— yo) Vike = f(yi — x9, 


where XiX. and Y,Y. represent the dis- 
_ tances of elements from their own cluster 
centroids, and X;Y, and Y;X. represent 
_ the distances of elements from the opposing 
centroids. 

It is assumed, as stated above, that the 
- distance between the two patterns X; and 
_ Y; in a metric space is solely a function of 
- their intradimensional differences, that is 


XiVi = f(xi — yi). This class of equations 
satishes the requirement of Minkowski z 
metrics that distances be invariant with 
respect to translations of the origin of the 
space. More generally, it is required that 
interelement distances be independent of 
any other point within the configuration. 
While these requirements are implicit in 
the use of MDS, theoretical considerations 
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offered by Evans (1967) sug: --* that classi- — 
fication judgments, at leas: uld be sub- - 
stantially influenced -esence of 
clustering in the physical : The ex- 
pectation that there would substantial 
correspondence between cla tion judg- 
ments and judgments of d larity has 
been supported in several s (Brown 
& Dansereau, 1970; Hande! 7). That 
similarity judgments reflec | presence 
of clusters in the physical : has been 
shown by Aiken (1972) a: Rankin, 
Markley, and Evans (1970 he latter 
data contained some indicati iat judg- 
ments between clusters wer derived 
from the same physical dimen as were 
judgments within clusters. ;ermore, 
Bersted and Evans (1970) ed that 
the perceived similarity of p. arising 
from different classes was a 1 ve func- 
tion of the distances X YiY, of 
elements from their own clu ntroids. 
Fenker (1972) discussed seve: udies in 
which the distance-from-cent param- 
eters of patterns influenced th rceived 
similarity. He proposed a dis model 
based on non-Euclidean geon to ex- 
plain these results. These da! iggest a 
psychophysics that would not i idepen- 
dent of the context provided by t? lusters. 
The findings may be consi. cd as a 
multivariate generalization of i' effects 


of subjective anchors or null pois's in uni- 
dimensional psychophysics. As w::s shown 
by Bevan (1968), Bevan and Turner (1965), 
and Egeth, Avant, and Bevan (1968), the 
location of the subjective “nuil point" 
along a physical continuum influences per- 
ceived differences between stimuli along 
that continuum. 

This preliminary evidence for the signifi- 
cance of distance-from-centroid parameters 
in the judgment of interelement dissimi- 
larity, coupled with the significance of the 
subjective null point in unidimensional 
psychophysics, suggests that the relation- 
ship between stimuli and class centroids is 
a salient source of information to perceivers. 
Distance-from-centroid parameters are com- 
pletely dependent on the stimulus context, 
since class structure is a property of a set 
of patterns and not of any individual 
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ontroid of class i 

and j of closs i 

cotter k on bond j of class | 

FIGUR Two-dimensional stimulus configura- 

tion rej iting pattern sampling plan. [AI 
patterns pled were required to lie on one of 
three b: about their prototype. Distances 
between members of all between-class paire, 
eg, ( - Xox) and (Xix — Xen) wers 
constant 
Patter: !ntradimensional differences be- 
tween muli, in contrast, are context 
indepeiient. Based on the assumptions 
of the ¡judgment model underlying MDS, 
the appropriateness of applying current 


MDS techniques to any pattern configura- 
tion is contingent upon the absence of 
context-dependent response variation. It 
was therefore the purpose of the present 
investigation to examine the effects of 
distance-from-centroid parameters, over and 
above intradimensional differences, upon 
Perceived interpattern similarity. 


STIMULUS SAMPLING 


In order to examine the effect of distance- 
from-centroid parameters upon the judg- 
ment of similarity, a sampling plan was 
devised which involved control of both 
interelement distances and distances of 
elements from their centroids. The plan 
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required finding between-class pairs, that 
is, pair members arising from different 
clusters, which satisfied two conditions: 
(a) that all patterns fall on one of three 
bands of equal distances from their respec- 
tive class centroids, and (5) that the inter- 
element distances of all pairs chosen be a 
constant. These sampling constraints are | 
illustrated in Figure 1. 

Patterns employed were a subset of 450 
eight-sided polygons generated to form 
two schematic clusters about two proto- 
types. Each prototype was constructed by 
connecting eight polar coordinates, where 
the 6;s equaled 0°, 45°, 90°, ...270? and the 
ris were randomly chosen. The two proto- 
types are shown in Figure 2. Patterns 
were then generated from each prototype 
by perturbing the prototypic coordinates 
through the addition of normally distrib- 
uted random values to the r and 0 of each 
prototypic coordinate. 

The two classes of patterns (n = 225 
each) generated from the prototypes were 
94% separable in a two-dimensional physi- 
cal feature space defined by the X and Y 
coordinates of the areal center of gravity 
of the polygons, as shown by discriminant . | 
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FiGURE 2. Patterns employed in experiments. 


analysis. (See Aiken and Brown, 1971, 
for a more complete description of the 
pattern generation procedure and pattern 
- classes.) 

- The X and Y coordinates of the areal 
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ceived pattern similarity (¢.¢., 


Brown, 1969; Behrman & 
In the context of this exper 
expect judged similarity 
vary inversely with physic: 


“ee 


- center of gravity of the patterns were thus prototype, as measured by the * and Y co- 
used in pattern sampling. Prior to sam- ordinates of the areal center < ravity of 
D pling, both measures were standardized to each pattern. However, it w İso antici- 
unit variance so that both measures would pated that Ss might well resp»: to physi- | 
be weighted equally in distance calcula- cal features other than those { in sam- 
tions. A computer search was used toselect pling. Such response to oti itures of - 
a matrix of 90 pattern pairs, with 10 pairs the pattern population in boi! ‘heir clas- 
— from each combination of band from Clus- sification and scaling has been noted else? 
_ ter 1 and band from Cluster 2. Forty-five where (Aiken, 1972; Aiken & ! n, 1971; 
atterns (n = 21 from Cluster 1, and z Aiken & Williams, 1973). In "mary, it 
= 24 from Cluster 2) were required to com- was possible that Ss might res, ond to the 
plete the band structure (see Figure 2). band structure and also to ot! ources of 
The means and standard deviations of the pattern variation. 
distances from cluster centroids of each The first experiment was thu: performed” 
pair member, as well as the means and for twoessentially methodoloz i: "urposes;- 
- standard deviations of interpoint distances (a) to assess the perceptual s: e of the 
| between pair members, are shown in Table band manipulation, and (b) t ve pre- - 
if 1 dicted measures of judged larity to 
|. ExPERIMENT l: SIMILARITY TO Prototype both prototypes based on physi»! pattern 
A # 4 characteristics, which would be «sed in the 
- The sampling plan involved manipula- analysis of between-class simi!).'iy, per- | 
_ tion in a two-dimensional physical configu- f d in E 2 Tl and (UJ. Theog 
' ration, rather than a subjective configura- 9/7€€ In Experiments 1! and ::). 3 
tion. It was expected that the physical last analyses were required to gain adequate 
configuration should influence the arrange- ‘€Presentation of the dimensions of the 
ment of the subjective configuration on subjective configuration, which possibly in- 
- the basis of extensive documentation of cluded features other than those used in 
_ the relationship between physical and per- the original sampling. 
; TABLE 1 
SAMPLE STATISTICS OF THE 90 BETWEEN-CLASS Pairs 
Band from Cluster 2 
Tune Band 1 Band 2 Band 3 
DP: DP: Dis DP: DP: Dis DP: DP: Du 
Band 1 
x .286 .304 3.473 .282 1,211 3.877 .287 2.098 3.478 
SD 031 013 063 024 .024 .116 031 .002 .041 
3 Band 2 
: X 1.213 -292 3.718 1.207 1.214 3.641 1.218 2.151 3.738 
SD 043 | .025 024 035 017 215 .034 108 221 
Band 3 Y 
1 x 2.244 -286 3.925 2.172 1.205 3.767 2.118 2.250 3.691 
SD 49 | .031 A81 -150 .020 222 120 118 214 


Note. All distances are Euclidean distances based on the standardized X and Y coordinates of the areal center of gravity of the 


"patterns. A r 
their centroid; DPis — distance between pattern pairs. 


Abbreviations: DP; = distance of Cluster 1 elements from their centroid; DP: = distance of Cluster 2 elements from 
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Method. 

Subjects. The Ss were 32 students enrolled in 
an undergraduate statistics class at Temple 
University. 

Stimulus maicrizls. Stimulus materials consisted 
of two cards which the two prototypes were 
printed, two packets, each containing slips of paper 
on which th ) patterns were printed, and two 
packets, eac! itaining eight different patterns, 
used for the -ssment of reliability. 

Procedure. c Ss were divided into two groups 
(n 16). On- group judged the similarity of all 
45 patterns rototype 1, then to Prototype 2; 
the other ju imilarity to Prototype 2, then to 
Prototype 1 !] Ss were instructed to judge the 
similarity « h of the 45 patterns to the first 
prototype « 0-point scale, with 20 representing 
maximum wity. Prior to beginning their 
judgments ' prototype, Ss were instructed to 
search thro the 43 patterns in the packet to 
find the p: ı most similar to the prototype and 
the pattern | ast similar to the prototype. They 
were told t rk these ''20” and “1,” respectively, 
and to us se stimuli as standards for making 
the remai: judgments? After completing the 
remaining udgments, Ss made their judgments 
of the 8 r vated patterns to the first prototype. 
This proc of searching for the most and least 
similar stili: and then making the remaining 
judgment id reliability judgments was repeated 
for their id prototype. For each S and each 
set of jude sents, patterns were presented in a dif- 
ferent ranciom order. The Ss recorded their judg- 
ments diz- ly on the sheets on which patterns 
were printed 
Results 

Reliability. The mean test-retest corre- 


oss the 16 repeated patterns was 
correlation between mean judg- 
ment to each pattern for the two groups 
Was .95 for similarity to Prototype 1 and 
.94 for similarity to Prototype 2. 
Manipulation of deviation from prototype. 


* [t is reasonable to expect that with this proce- 
dure Ss quickly became able to distinguish the 
classes. In an unpublished study performed by 
these authors at Texas Christian University, an 
independent set of 14 Ss, asked to sort these same 
stimuli into two classes and given no prototype 
information or instruction concerning the presence 
of two inherent clusters, gave 84% accuracy of 
sorting according to the a priori class rule. Fur- 
thermore, several studies employing these same 
pattern classes (Aiken, 1972; Aiken & Brown, 1971; 
Aiken & Williams, 1973) show that Ss quickly 
discern, in an unsupervised fashion, the class struc- 
ture inherent in these pattern sets. 
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The mean judgment of similarity to proto- 
type across patterns from each band was | 
calculated for each S. These scores were 
used as the dependent variables in two 
2 X 3analyses of variance (Groups X Band — 
Level), one analysis for each pattern cluster. 
For both prototypes, bands were differen- 
tiated in terms of overall similarity to . 
prototype, F (2, 60) = 218.20, p < .01, 
and F (2, 60) = 274.16, p < .01, for 
Clusters 1 and 2, respectively. The arith- 
metic mean similarity judgments to Cluster 
1 patterns lying on Bands 1, 2, and 3 were 
15.97, 13.15, and 9.06, respectively, with 
adjacent bands significantly differentiated, 
as shown by Newman-Keuls analysis (p < 
.01 in both cases). A significant Group X 
Band Level interaction in the Cluster 2 
analysis, F (2, 60) = 3.93, p < .05, was 
due to the higher mean judged similarity 
of Group 2 to Band 2 patterns. For Group | 
1 Ss, the mean similarity judgments were 
13.41, 11.90, and 8.00 for Bands 1, 2, and 
3, respectively, with adjacent bands sig- 
nificantly differentiated, as shown by New- 
man-Keuls analysis ( < .01 in both 
cases). For Group 2 Ss, the corresponding ` 
means were 13.80, 13.00, and 7.63. As 
shown by Newman-Keuls analysis, both 
Band 1 vs. Band 2 (p < .05) and Band 2 
vs. Band 3 (p < .01) were significantly 
differentiated. It was concluded that the 
sampling manipulation had been effective 
in producing levels of perceived similarity 
to the prototypes. 

Prediction of similarity from physical 
pattern features. To assess the extent to . 
which similarity judgments could be re- - 
covered by physical pattern measures, — 
stepwise regression analyses were performed 
with the mean judged similarity of patterns 
to both their own (SJown) and the other 
prototype (SJotner) as the dependent vari- 
ables. Physical feature predictors included 
the 2 measures upon which pattern sam- 
pling was based, that is CX, the X coordi- 
nate of the areal center of gravity of the 
patterns, and CY, the corresponding Y 
coordinate, as well as 6 other measures 
chosen on the basis of their representative- 
ness of the factor structure of the 80 mea- 
sures proposed by Brown and Owen (1967) 
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. ance of similarity to own prototype, per- 
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and their predictive utility in previous psy- 
chophysical studies of polygon perception. 
These were (a) PE, pattern perimeter, (b) 
PM, the maximum second perimeter mo- 
ment of X, (c) AI, the smallest interior 
angle, (d) A3, the third moment of interior 
angles, (e) VH, the ratio of vertical to 
horizontal extent, and (f) SP, the ratio of 
the largest side to perimeter. 

For each measure, the absolute difference 
between its valuefora pattern and the value 
of the measure for both class centroids was 
calculated ; for example, for perimeter, this 
gives PE,,, = |PE; — PEs and PE; 
=|PE; — PE,u;|, where PE; represents 
the perimeter length of pattern; and PE,,, 
and PE, represent the mean perimeter 
of patterns in the same and opposing clus- 
ter. These two derived measures served as 
predictors in the analysis of similarity to 
own and other prototype, respectively.* 

As shown by the above analyses of vari- 


ceived similarity varied inversely with the 
physical distance between the pattern and 
its class centroid, with a significant linear 


‘The use of absolute differences between points 
on each axis of a spatial configuration to predict 
the distance between the points is in keeping with 
Attneave's city block distance metric, i.e., that 
dij = |a — *k|. An alternate approach would 


be to perform analyses in keeping with the Euclidean 
metric, predicting squared similarities from squared 
differences along the various axes of the configura- 
tions, ie, for the Euclidean metric, di? 
- > (ik — xik). Both types of analyses were 


performed. Since the change from city block to 
Euclidean distance involves simply a monotone 
transformation of predictors and criterion, and since 
the analyses involved correlational procedures which 
are notoriously insensitive to monotone transforma- 
tions, the results of the city block and Euclidean 
analyses are completely congruent. The city block 
analyses, which were slightly better in terms of 
are presented here. The 
issue of which metric is more appropriate is not 
germane to the present study, since both metrics 
satisfy the requirements of a metric space, as 
required in the general MDS model. The major 
purpose of the series of studies was to examine 
whether distance-from-centroid parameters, de- 
scribed more fully in Experiments II and III, 
could explain variance in similarity judgments not 
explained by intradimensional differences. 


relationship between band 


judged similarity for the 'type 1 and 
Prototype 2 analyses, | (1, 30) = 
431.89, b < .01; Fiinear (1 = 490.80, 


p < .01, for Prototypes | | 2, respec- 


tively. This is also show: he correla- 
tion between the Euclidean nce of each 
pattern from its prototy; ed on the 
sampling measures CX a: (BP,,,) 
and the mean judged si v of each 
pattern to its own prototyp: wn), 7 (43) 
=.62, p < .01. The mea )Pown had 
been calculated with equ ighting of 
CX and CY. Since equal hting was 
not necessarily appropriate i ms of per- 
ceptual salience, the measu Xown and 
CYown were used as predic: f SJown in 
a regression analysis. As sh 1 Table 2, 
both were significant pred: of SJown 
with a multiple correlation c: b « .01). 


Furthermore, the weighti: the two 


measures in the prediction : ion were 
equal, as in the original ph: distance 
calculation. 

A positive relationship v und be- 
tween SJown and SJotner, the n judged 
similarity of each pattern tc »pposing 
prototype, r (43) = .39, p How- 
ever, in contrast with SJ... was no 
relationship between the phy listance 
of each pattern from the oth: prototype 
based on the sampling measur DPother) 
and the mean judged similarity :c ihe other 
prototype (SJother), 7 (43) = .003. As 


shown in Table 2, an optimum li:car com- 
bination of CX and CY also {ailed to 
predict similarity to the other prototype. 

Optimum predicted similarities to both 
prototypes, Sex: and Spass based on 
physical pattern measures were required 
for the subsequent analysis of between- 
class similarities, Therefore, stepwise re- 
gression analyses were performed with all 
eight physical measures as predictors. The 
resulting multiple correlations were .76 for 
SJown (P < .01) and.73 forSJotner (p < .01). 
Only four predictors in each equation added 
significant predictability, however. With 
only four predictors in each equation, re- 
sulting multiple correlations were .76 for 
SJown (b < .01) and .71 for SJother (p < .01). 


el and mean — 
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TABLE 2 
€ PREDICTION OF SIMILARITY TO PROTOTYPES 
Predictor Ymult Analysis of regression Standardized regression equation 
Prediction by sampling measures alone—Similarity to own prototype 
Xo CY 63 | F(Q,42)21405** | Slow, = —.44CX** — 48CY** 
Prediction by sampling measures alone—Similarity to other prototype 
Xon, C 425 F (2,42) = 145 SJother =.25CX — .07CX 
Prediction by best four measures—Similarity to own prototype 
CUN r -16 F (4, 40) = 13.71** SJowa = — .34A3** — .28VH* — .30CX* — 48CY** 
Prediction by best four measures—Similarity to other prototype 
Ate, A | E 
o 1 | TES F (4,40) = 10.20** | SJother = — 43AI** — .33A3** — 22VH — .28PE* 
| 
* 5 
Hb S01 
Therefor aly the first four predictors in tionship of band-level to perceived similarity 
each eqi n were retained. Analyses of are unhampered by the interaction, 


regressio: and regression equations are 


Shown i "able 2. As seen from these 
&quatio: SJown and SJother are predicted 
by differ: physical measures. 
Summar: and Discussion 

From ‘ie analyses of variance of SJown as à 
function of deviation from prototype, it was 
shown that the sampling procedure had led to 
effective manipulation of perceived similarity 
to prototype. A significant interaction was 


found between subject group and mean simi- 
larity judgment to Prototype 2 patterns. 
Nonetheless, the rank order of judgment means 
as a function of band level was preserved in 
both subject groups. Furthermore, the inter- 
action accounted for only 1% of the total 
variance of the design, while the band main 
effect accounted for 65% of the variance (Dodd 
& Schultz, 1973), indicating that the order of 
presentation of the prototypes to Ss had very 
little impact on overall judgments. That the 
required rank order of means was preserved 
in both S groups, that the percent of variance 
accounted for by the interaction was so small, 
and that the correlation of mean judgment to 
P rototype 2 patterns was .94 across S groups 
suggest that conclusions concerning the rela- 


Although the analysis of variance of SJown 
made it clear that the band structure did in- 
fluence the subjective configuration in the 
expected manner, the regression analyses of 
SJown show that there are other important 
parameters in the subjective space besides the 


X and Y coordinates of the areal center of . 


gravity. Thus, the correct representation of 
the underlying subjective space for SJown is 


"m 


somewhat more complex than is given by the - 


structure in Figure 1. 

An analogous increased level of complexity 
of the feature space is noted in the regression 
analyses of SJother. The increased complexity 
of the subjective space is more important in 
that an examination of the specific feature 
measures points out a distinction between the 
within-class judgment (similarity to own proto- 
type) and the between-class judgment (simi- 
larity to other prototype). 

The measures SJown and SJother are posi- 
tively correlated. Some positive correlation 


between physical distance of the patterns from — 


the two prototypes is a necessary result of the 
band structure used in sampling. Two fea- 
tures, A3 and VH, which are common to the 
best set of predictors for both types of judg- 
ments, apparently account for the positive 
relationship, although these measures were not 
used in pattern sampling. However, the 


commonality of the feature space used by Ss 
in making SJown vs. SJother estimates is not 
complete. The original sampling measures 
CX and CY account for a large proportion of 
variance in SJown but not in SJother. Con- 
versely, the measures AI and PE are significant 
Predictors of SJother but not SJown- If we 
make the assumption that Ss were aware of 
the class structure (see Footnote 3), then 
these results imply a reweighting of the feature 
space by S as he shifts from within-class to 
between-class judgments. A simple intradi- 
mensional difference model would not handle 
this change in feature saliency with changes in 
- regions of the space examined by the observer. 


|. EXPERIMENTS II AND II]: BETWEEN- 
Crass SIMILARITY 


— These studies were performed to test for 
- systematic bias in the perception of be- 
_ tween-class similarity imposed by the dis- 
.. tance of patterns from the class centroids. 
In Experiment II, only 90 between-class 
_ pairs were presented to Ss, In Experiment 
- HI, Ss judged the perceived similarity 
among all 45 patterns of Figure 1. The 
distinction between the two studies is that 
in Experiment II Ss viewed a highly re- 
Stricted set of pattern pairs which consti- 
tuted only a small subset of the 990 pairs 
presented in Experiment III. The objec- 
tive of Experiment III was to examine 
whether any effects found with the re- 
stricted stimulus display of Experiment II 
would also emerge with the 90 critical 
judgments taken in the context of a far 
larger set of judgments. Only those judg- 
ments of Experiment III which corre- 
sponded to Experiment II judgments were 
treated in the present analyses. The 
methods and results of the two studies are 
. Presented together. 


EXPERIMENT II 
- Method 


"Subjects. Thirty students, 
graduate statistics classes at 
served as Ss. 

Stimulus materials. Pattern pairs employed were 
the 90 between-class pairs described above, The 
pattern pairs were printed on Separate slips of 
paper and were prepared in two packets, one con- 
taining the 90 pairs and one containing 18 pairs 
used for the purpose of assessing reliability. 


enrolled in under- 
Temple University, 
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) 


Procedure. The Ss first ex: d all 90 pairs 
of stimuli with the instruct they should 
find the most similar pair an l it "20," the 
least similar pair and label i Thus they 


were exposed to all stimuli in both 
range of intrapair similarit 
judgments. The Ss then jud; 
the remaining 88 pairs on a 
20 representing maximum simil After com- 
pleting these judgments, they de the same 
judgments for the 18 reliabilit: pairs. Pairs were 
presented to each S in a differ random order 
for both the 90 pairs and the 1; ated pairs, 
The Ss recorded their judgment rectly on the 
sheets on which patterns were print 


classes and the 
making their 


point seale with 


EXPERIMENT li 


Method 

Subjects. Fourteen students a: is Christian 
University, paid for their participati erved as Ss, 

Procedure. The Ss were run lividually in | 
five 1-hr. sessions on each of S consecutive days: 
On Day 1, Ss were shown the 45 uli and were 
asked to point out 3 very simila: and 3 very 
dissimilar pairs. On each subseq day, the 45 
stimuli were in view throughout the session. This 
insured that Ss were exposed to ai! s:imuli in both 


classes and the range of intrapair sii:larities before 


making their judgments. Each judged the 
similarity of all 990 pairs of the 4 ‘terns shown 
in Figure 2. Fifty pairs were repcated for the 
purpose of assessing reliability. Each .S received 


the pairs in a different random 
proximately equal number of betw 
class pairs from each combination of 
from the two prototypes was presented 


>n each day: 


Results 


Reliability. In Experiment II test-retest 
reliabilities were calculated across the 18 
repeated pairs. The data of any S whose 
reliability fell below 7 (16) = .40, p = 
:05, were discarded. For the 19 of 30 Ss 
whose reliability exceeded this value, the 
mean reliability was .61. In Experiment 
III, the test-retest correlations were calcü- 
lated across the 50 repeated pairs. The 
mean reliability was .76. The intercorrela- 
tion of the mean judged similarity to each 
of the 90 pairs in Experiment II and Ex- 
periment III was .82. : 

Band manipulation. The mean similarity 
judgment to each pair was used as the 
dependent variable in a 3 X 3 analysis of 
variance. Factors for the analysis were 
band level from Cluster 1 and. band level 


> similarity of 


1 


— from Cluster 
manipulation 


2. In Experiment II, the 
f band level from each clus- 
ived similarity of between- 
81) = 3.18, p < .05, and 
b < .01, for band levels 
nd Cluster 2, respectively. 
| between the factors was 


ter affected pe 
class pairs, F 
F (2,81) = 1 
from Cluster 
No interact 
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spectively, though this effect did not reach 
significance. 

Prediction of between-class similarity. The 
absolute difference between the pair mem- 
bers in the value of each of the eight 
physical measures served as predictors of - 
mean judged similarity of the 90 pairs 


found. The mean between-class similari- (Jyz and Jrrı for Experiment II and Experi- 
t "n D 
ties as a func ion of Cluster 1 band level ment IIT judgments, respectively). These 
were 9.68, 7.59, and 8.35 for Bands 1, 2, measures served as an intradimensional | 
and 3, respectively. The corresponding difference battery. 
Cluster 2 mcans were 9.73, 9.80, and 6.39. Four other measures were also calculated ' 
As shown Ly Newman-Keuls analyses, a for each pair: (a) Jown, the mean of the pre- ` 
decrease in perceived similarity occurred dicted similarities of the two elements of 
when pair members arose from Band 1 vs. each pair to their respective prototypes, with 
Band 2 of ( r 1 (p < .05) and from predicted values taken from the third regres- 
Band 2 vs. Pand 3 of Cluster 2 (p < .01). sion equation of Table 2, i.e., for Patterns 
The Exper i nd XR a to we 90 i and j, Jos = (SJowm + Slown)/2; (0) 
Mi yere suDJectede pun E ae Ta Joiner, the mean of the predicted similari- 
| with: simil Mic On me Ae ties of the two pair members to the oppos- - 
us us a - found tenga ea ing prototypes, with predicted values taken 
judged similarity, F (2, 81) = 1214, p < from the fourth regression equation re- | 
01, with mean judgments of 5.78, 5.60, and ported in Table 2; (c) Joss, the mean of 
422 for bonds 1, 2, and 3, respectively. the actual judged similarities of pair mem- 
Separation of Band 2 from Band 3 was bers to their own prototypes; and (d) Jones, 
evidenced (» « .01). The descending the mean of the judged „similarities of 
- order of means as a function of band level pair members to the opposing prototypes. 
of Cluster | was found, with means of 5.55, These four measures constituted a distance- 
| 5.07, and 4.99 for Bands 1, 2, and 3, re-  from-centroid battery, measuring the opti- 
TABLE 3 
` : t Ri 3 AND DISTANCE-FROM-CENTROID 
CORRELATIONS OF M S C E JUDGMENTS 
Criterion | Individual measure 
| 
TER Intradimensional difference measure 
ra P cx cy 
| ore ES HD 2 - 2 06 
xz = 0 i 
ME Z 30** —50** —.25* —.23* 06 d e 
MENTI. eae 
Distance-from-centroid measure 
TuS other 
| Jown® Jother® es | Mis 
Eal 71** 
dese 55 Be 
js po mm ad E 


z i III, respectively. 
Note. The criteria Jr and Jin represent between-class judgments from Experiments ie A 


è Mean judged similai 


p " heir own prototype. 
rity of pair members to er orm prototype. 


> Mean judged similarity of pair members to the otl 
imi! i ir own prototype. 
5 Mean predicted similarity of pair members to erum JEIO De 


+ Mean predicted similarity of pair memi 
b «.05. 


Bu PCT 
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TABLE 4 
PREDICTION OF BETWEEN-CLASS JUDGMENTS BY INTRADIMENSIONAL DIFFERE 


ASURES 


account for a significant proportion of vari- 
ance in either Jrr or Jrrı (see Table 4). A 
_ Stepwise regression analysis with all eight 
_ intradimensional difference measures as 
- predictors led to significant multiple corre- 
. lations of .64, F (8, 81) = 7.10, p < .01, 
for Ji, and .63, F (8, 81) = 6.56, p « .0t, 
for Jr. However, only three measures, 
AI, A3, and PE, contributed significant 
predictability, yielding multiple correla- 
tions of .63 and .61 for Jir and Jr, respec- 
tively (see Table 4). The lack of increase 
. in predictability by the addition of the 
' remaining predictors indicated that AI, AS, 
and PE exhausted the predictable varia- 
tion from intradimensional differences in 
between-class judgments. 

The predicted distance-from-centroid 


= 
Predictor fmult Analysis of regression Standardized regres tion 
Prediction by sampling measures alone—Experiment II 
CX, CY 07 F (2,87) = 21 ju = —.04CX — 0% 
Prediction by sampling measures alone—Experiment III 
CX, CY 44 F (2, 87) = .86 Jur = .00CX — .14CY 
Predi 
PE, Al, A3 63 F (3, 86) = 19.04** Ju = — .21PE* — 49AI 32A3%* 
Prediction by best three intradimensional difference measures—Experimen: 
PE, AI, A3 .61 F (3, 86) = 17.22** jm == .25PE** — 44A 32A3** 
: a E 
mp Sioi 
. mum physical representation of subjective measures fewn and bsc used as 
distance and actual distance of patterns predictors in regression ana! vith Ex- 
from both prototypes. Correlations be- periment II and Experimen: between- 
_ tween intradimensional difference measures class judgments as criteria. esulting 
and distance-from-centroid measures and multiple correlations were .75 i 70 for 
Experiment II and Experiment III judg- Jy; and Ju respectively (sc ‘able 5). 
ments are shown in Table 3. In general, Comparing these multiple cor: ons with 
correlations between the criteria and dis- those found with intradimen: i differ- 
.. tance-from-centroid measures exceed those ences as predictors, it is seen predic- 
- of correlations between the criteria and tion with the two measures « distance- 
intradimensional difference measures. from-centroid exceeded that =h eight 
As had been found. in the prediction of measures of intradimensional ferences, 
- SJones an optimum linear combination of Using actual similarity judgmenis to the 
the sampling measures CX and CY did not prototypes (Jown and Jother) as predictors 


led to multiple correlations of .6* and .75 
for Jr: and Jrry, respectively. Since the 
predicted similarity to prototype measures 
predicted as well as the subjective judg- 
ments, the former were used in further 
analyses. 

It was likely that the intradimensional 
difference and distance-from-centroid mea- 
sures were predicting overlapping variance 
in the between-class judgments. Therefore, 
the unique predictability of the distance- 
from-centroid measures over and above that 
of the three best intradimensional differ- 
ence measures, AI, A3, and PE, was ex- 
amined. With AI, A3, PE, jj, and 
Jother as predictors, the multiple correla- 
tions were .75 and .71 for Jr: and Jui 


: 
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TABLE 5 
PREDIC o)» BETWEEN-CLass SIMILARITY FROM DISTANCE-FROM-CENTROID MEASURES 
—— — = 
Predictor rmult Analysis of regression Standardized regression equation 
Prediction by distance-from-centroid measures alone—Experiment II 
OAM 23 F (2, 87) 249.57**. | Ju = .20Jown* + 60Jomes"* 
Prediction by distance-from-centroid measures alone—Experiment III 
(fer Tou 70 F (2, 87) = 40.75** | Jur = 14Jown + .60forner** 
Predi »v distance-from-centroid and intradimensional difference measures—Experiment II 
Tomas Jo = — AI — j 
Jr Jo 45 F (5,84) 214g | J 1 = — 20AT* — .09A3 Lee 3449 fuo D 
ASJown® + .49]ono** 
by distance-from-centroid and intradimensional difference measures—Experiment II 
mn iS BAU TATee s dime ABA E AS cs OPE 1 
+ 13fown + 47] onet* 


(see Table 5). Given the best 
ı of intradimensional difference 
ı the regression equation, the 
rtial correlations of the com- 
and Jother with Experiment Il 
‘iment III judgments were .52 
-spectively. Analyses were per- 
examine the significance of in- 
oredictability by the addition of 
x Î mor to an equation already con- 
taining Al, A3, and PE. The increase in 
predictability was significant for both Ex- 
periment i Land Experiment III judgments: 
for Jus, F (2, 84) = 15,51, p < .01; for 
Jun, P (2, 84) = 10.96, p < .01. This 
result makes it clear that the distance- 
from-centroid parameters still have con- 
siderable importance in explaining simi- 
larity judgments, even when the influence 
of a battery of intradimensional difference 
predictors has been partialed out. 
In summary, the between-class judg- 
ments were not found to be independent 
of the distances of patterns from the cen- 
troids within the subjective configuration. 
The distance-from-centroid measures aC- 
counted for a significant proportion of the 
residual variation in the between-class judg- 
ments which could not be predicted from 


respecti\ 
combina 
measur 
multipi: 
bined | 
and Ex 
and .4¢ 
formed 

crease 


own à 


intradimensional difference measures alone. ; 
This result indicates that the distance- - 
from-centroid parameters have considerable 
validity in explaining similarity judgments, 
over and above the predictive utility pro- 
vided by measures of intradimensional dif- : 
ferences between elements within a subjec- - 
tive spatial configuration. 


DISCUSSION 


In dealing with multidimensional pattern 
psychophysics, we must consider the distinc- 
tion between a physical spatial configuration - 
of patterns and a subjective or perceived con- 
figuration of these same events. The physical 
configuration consists of sets of axes repre- | 
senting pattern measures or scales which can 
be defined by operations on the patterns. By | 
definition, physical configurations are assumed — 
to satisfy the axioms of Euclidean geometry. - 

A subjective configuration alternatively is 
a less well-defined concept. As the term has | 
been used in multidimensional scaling, it is- 
analogous to à physical configuration, except . 
that the axes represent subjectively important 
measures or scales. Because subjective dimen- 
sions seldom can be dealt with directly, they 
are described in terms of the corresponding 
(covarying) physical measures. Multidimen- 
sional judgment models underlying scaling 
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procedures make assumptions about how hu- 

mans use the parameters of the subjective 
_ dimensions: The most fundamental subjective 

m parameters for similarity judgments are pre- 

"sumed to be the intradimensional differences 
between stimuli. 

Class structure within a physical spatial 
configuration provides a potential source of 
perceptually salient variation among patterns. 
However, the presence of class structure within 
a configuration poses a problem for current 
MDS judgment models, The measurement of 

_ distance between stimuli within a physical con- 
- figuration is based upon intradimensional dif- 
- ferences alone. If the class structure is 
perceptually salient, then we may expect 
_ observers to base their distance estimates upon 
distance-from-centroid parameters, as well as 
upon intradimensional differences, leading to 
- a partial failure of adequate mapping of the 
subjective configuration derived from observers’ 
judgments by the physical configuration based 
. on physical stimulus parameters, 
Class structure has been found to be per- 
d ceptually salient in the sense that observers 
= are able to distinguish among multidimensional 
-. Patterns belonging to various clusters (for 
example, Aiken & Brown, 1971; Beach, 1964; 
Evans & Arnoult, 1967; Fenker, 1971; Rodwan 
& Hake, 1964). Furthermore, the learnin of 
“Prototypes, which may be defined as the multi- 
variate means or centroids of pattern classes 
in the multivariate feature Space, has been 
discussed as a meaningful process in percep- 
tual learning (e.g., Evans, 1967; Posner & 
Keele, 1970). In summary, there is substan- 
tial evidence that humans are sensitive to the 
class-defining distributional characteristics of 
pattern features. 
The present 


investigation extended the 
bove research to an examination of the utility 
of class structure measurement in explaining 
perceived interpattern relationships. If the 
_ Structure within the physical spatial configura- 
tion had had no effect upon the perception of 
interpattern distances, then we would have 
expected two results to emerge. First, we 
: would have expected that the physical char- 
i mapped within-class 
would also have best 
mapped judgments of Similarity between pat- 
terns of different classes, In other words, we 
would have expected a Single physical con- 
figuration, although the physical configuration 
contained well-defined clusters of patterns. 
Second, we would have expected that the 
perception of similarity between any two 
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patterns within the configu should be 


completely independent of e the physical | 
or subjective distance of either pattern from 
the cluster centroids within t! configuration, 


The results of the present rc 


urch indicate 
that neither expectation i: 


"ne out, In 


Experiment I, it was found that within-class 
judgments were mapped by - different set of 
physical pattern measures t! ere between- 
class judgments. If we make +! ssumption of 
psychophysical correspondence ween physi- 
cal and subjective dimension: finding may, 
be interpreted to imply bservers had 
options in the use of physic: mensions, as 
Suggested by Hake, Faust, Intyre, and j 
Murray (1967) in another cor: t, and that 
they used a different set of sı tive dimen- 
sions in assessing within-cl interpattern 
relationships than were used i5 assessing 
between-class interpattern relat hips, 

In Experiments II and III ii found that 
between-class judgments could mapped to 
some degree of accuracy by of intra- 
dimensional difference measur in keeping 
with the assumptions of curr (DS judg- 
ments models. However, it was also found 
that distance-from-centroid mea s were able 
to account for variation in betwee.:-class judg- - 
ments, over and above the variation accounted 
for by intradimensional differ: measures 
alone, 

These results do not entirely contradict the 
assumptions of current MDS judgment models, 
since the intradimensional differences between 
patterns are salient sources of stimulus varia- 


tion. Fenker (1972) has stat however, 
that because the dissimilarity judgments can 
be shown to depend on the contex pendent 


centroid parameters, the assumptions under- 
lying the construction of metric distance 
representations from ordinal dissimilarity data 
are violated. The results do clearly suggest 
that the similarity judgment model should 
be augmented to include parameters which 
reflect context-dependent effects within a spa- 
tial configuration. While the salience of such 
context-dependent parameters has been noted 
frequently in unidimensional psychophysics 
(Bevan, 1968; Helson, 1964) the present re- 
search points to their salience in the more 
general case of multidimensional psychophysics 
as well. 
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interword response times. 


Recent developmental investigations of 
information processing have emphasized 
the importance of rehearsal in successful 
memory performance. In general, young 
normal and retarded children do not spon- 
taneously exhibit rehearsal strategies that 
improve long-term memory performance 
- (Ellis, 1970; Flavell, 1970). Experimental 
_ provision of such rehearsal strategies, how- 
. ever, has typically resulted in marked facil- 
- itation of recall performance 

Butterfield, 1971; Moely, Olson, Halwes, 

& Flavell, 1969). Such results are in agree- 
ment with the hypothesis that a deficiency 

in rehearsal Strategy production, rather 
than a long-term memory deficit per se, 
ccounts for depressed recall performance 
in these Ss. 
.. Kellas, Ashcraft, and Johnson (1973) 
have presented a detailed examination of 
E ates 
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The flow of information from input through output in 


higher order memory units that were functional during recall. 


ceptual categories in either IQ group, 
resulted in a marked increase in recall 


of active, organized storage processing on retrieval. 


‘REN: 
TEMPORAL ASPECTS OF STORAGE AND RETRIF' 
MARK H. ASHCRAFT anb GEORGE KELLAS * 
University of Kansas 
a free-recall tas 
examined by means of S-paced presentation times, externalized rehearsa 
In this context, storage and retrieval of categor 
material were examined for normal and mentally retarded children of th 
mental age. As indicated by the patterns of input and output times, in 
tions to rehearse according to category membership led to the formatio 
Input and « 
put times under uninstructed conditions revealed little TUM use of « 
although provision of retrieval « 
performance for these Ss. The resi 
were discussed in terms of the chunking and recoding of input and the influen: 
retarded children's input p: g under 
instructed and uninstructed rsal con- 
ditions. After assessing th of spon- 
taneous rehearsal, Kellas, ift, and 
Johnson systematically train: to use a 
cumulative rehearsal strateg put proc- 
essing was evaluated by record the study 
time afforded each list item S-paced 
task (Ellis & Dugas, 1968) a xamin- 
ing the characteristics of o hearsal 
(Belmont & (Rundus, 1971). Although p: nance in 
the uninstructed condition w ‘latively 
passive, input times in the cui: . itive re- 
hearsal condition were compar to the 
temporal patterns of serial processing exe 
hibited by adults (cf. Kellas & 13:1 terfield, 
1971). The patterns of overt :-hearsal 
confirmed this interpretation, and revealed 
no apparent limitations in the maintenance 


of increasingly larger rehearsal sets. These 
results, in combination with the facilita- 
tion of recall, suggested the feasibility 
of instructing rehearsal-deficient Ss in 
more sophisticated modes of information 
processing. 

The present study examined the effects 
of rehearsal instructions on the free recall 
of conceptually related material. Accord- 
ing to several theorists, clustering in such a 
task involves the use of complex recoding 
and retrieval strategies (Johnson, 1970; 
Kellas, Ashcraft, Johnson, & Needham, 
1973; Postman, 1972). Specifically, Ss ac- 
tively group related items into units or 
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“of interword response times ( 


chunks, th superordinate label or “code” 
becoming functional unit of memory. 
Retrieval sumed to consist of recursive 
search fo: and decoding of these units. 
Such a re: al plan should be effective for 
two reas First, the hierarchical struc- 
ture of st — Ì information may be exploited 
to guide val, resulting in a systematic 
search th -h memory. Second, since the 
codes ha een stored in specific relation 
to the li ms, recovered codes should be 


maxima! ifective retrieval cues for in- 


creasing iccessibility of the stored in- 
formati: 'hompson & Tulving, 1970). 
Evid: tor the use of these storage and 
retrieva itegies has come from several 
investir: 1s, Kellas, Ashcraft, Johnson, 
and N: ım (1973) presented concep- 
tually : d material to adults in an S- 
paced i and found active chunking and 
reorga! ion of the stimuli during input. 
Marke: «poral peaks occurred at the last 
position within each category (blocked 
presen n), suggesting that Ss were paus- 
ing at | ^ category boundary to rehearse 
the it: from that category as a unit 
before oceeding to subsequent items. 
The p. sent investigation used this tem- 
poral tern of chunking as the basis for 
the re: arsal instruction manipulation. It 
was p. 'icted that instructed groups would 
produ this pattern of temporal peaks 
durin. input, regardless of IQ (normal vs. 
meniz!ly retarded). Further, it was pre- 


dicte: that successful performance under 
the instructed rehearsal condition would 
lead to the formation of higher and lower 
order memory units, arranged hierarchically 
in memory, Such chunking was expected 
to lead to high levels of correct responding 
and clustering during recall. - Previous re- 
search, however, suggested that uninstruc- 
ted Ss would not spontaneously organize 
their rehearsal according to conceptual 
categories (Spitz, 1966). Depressed levels 
of output performance were therefore ex- 
pected for these groups. 

Several investigators (e.g., Kellas, Ash- 
craft, Johnson, & Needham, 1973; Mc- 
Cauley & Kellas, 1974; Patterson, Meltzer, 


and Mandler, 1971) have reported patterns 
IRTs) which 
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correspond to the retrieval of higher and 
lower order memory units. The signifi- 
cance of these patterns lies in their relation- | 

e 


ship to input processing ; i.e., the chunking 
process results in higher order memory 
units which function during retrieval. Ac- 
cordingly, differential retrieval times for ' 
items between vs. within categories would 
indicate the use of such memory units dur- 
ing output. The Ss were expected to pro- ^ 
duce these patterns of retrieval time to the ~ 
extent that their rehearsal involved the - 
formation of functional higher and lower : 
order memory units. 


METHOD 


Subjecis. Forty normal children from St. John's 
School, Lawrence, Kansas, were matched on MA 
with 40 cultural-familial retarded adolescents from 
the Parsons State Hospital and Training Center, 
Parsons, Kansas. Analysis of variance applied to 
the sampling data indicated no bias in the assign- - 
ment of Ss to treatment conditions, and no differ- 
ences between IQ groups in average MA. Mean | 
IQ, CA, and MA (standard deviations in paren- - 
theses) for normal Ss were 111.5 (8.5), 10.3 (.8), 
and 10.9 (1.2), respectively; and for retarded Ss, 
69.7 (9.3), 16.4 (1.5), and 10.5 (1.2), respectively. - 

Lists. The stimuli were 28 photographic slides of 
common objects, selected from the early frames of 
the Peabody Picture Vocabulary Test. All items 
were high-frequency instances of conceptual cate- 
gories (Battig & Montague, 1969), each category 
being comprised of four items. Two categories were 
used only for the practice list. The experimental 
list consisted of five categories with 4 items/category. 
Items within categories were presented contiguously — 
(blocked). The order of category presentation, as 
well as the order of items within categories, was | 
randomly varied to produce three versions of the 
experimental list, one version for each trial. 

Apparatus. A Kodak projector was used to pre- 
sent the stimuli on a daylight screen. A response - 
switch was programmed in such a way that $ 
controlled the duration of each stimulus exposure, 
These durations were automatically recorded to the 
nearest .05 sec. by means of a pulse stream generator, - 
parallel-entry control panel, and a Sodeco print out — 
counter. The S’s overt rehearsal and recall were - 
tape recorded. The IRTs were measured by feeding ` 
the taped recall into a single channel Mechanics for 
Electronics heat-writing graphic recorder (Model 
20C-AHA). The Ss' recall actuated a pen that 
indicated word onset and offset on paper moving at 
a rate of 25 mm/sec. All IRTs were calculated to 
include only the time between words. 

Design and procedure. The Ss within each IQ 
group were randomly assigned to the cells of a 2 X 2 
factorial matrix, with factors of instructions (clus- 


tering instructions—CI—and no clustering instruc- 
ions—NCI) and retrieval cues (cued and uncued 
recall). Ten Ss served in each unique combination 
of rehearsal instructions and retrieval cues at both 
_ IQ levels, 
The Ss were tested individually in a semidarkened 
= room. All Ss received general instructions relevant 
- to self-paced presentation and free recall, and were 
told that a red square would signal the end of the 
list and the beginning of the recall interval. Addi- 
-tionally, all Ss were instructed to rehearse overtly 
during stimulus presentation by saying anything 
that would help them learn the list. No further 
- instructions were given to Ss in the NCI condition. 
The Ss in the Cl condition were trained to rehearse 
_ list items in relation to the superordinate labels by 
means of a verbal explanation of clustered rehearsal 
followed by a “shadowing” procedure on the first 
practice trial. The shadowing procedure for CI 
. Broups was as follows: The S was told to shadow E's 
- overt rehearsal by repeating everything E said. The 
E then pressed the response switch, named and 
labeled the first item according to its category, then 
pressed the switch three more times, continuing to 
On the fourth 
repeat all four 
The E then pressed 


on the practice list, 
with the exception of 
trial for CI groups. During prac ice, 

ue to rehearse as t] ey 
required prompting after 


5s were told that they 
ch was to be learned in 


RESULTS AND Discussion 


Input time. An initial analysis of vari- 
ance was performed on item exposure dura- 
tions to examine the equivalence of cued 
and uncued recall groups at input. Since 
neither the main nor the interaction effects 
of retrieval cues approached significance, 
this factor was collapsed for the overall 


MARK H. ASHCRAFT AND GEORGE KELLAS 


sentation positions for clustering instructions (CI) 
and no clustering instructions (NCI)groups. (Ab- 
breviation: MR = mentally retarded.) 


input time analysis. The res 
wasa2X2X3 X 20 mixe 


int analysis 


design, with — 
factors of IQ (normal mentally re. ^ 
tarded), instructions (CI ana NCI), trials - 
(1-3), and presentation positions (1-20). | 
Significant main and interaction effects that | 
were qualified by higher « effects are 
not reported. 
The IQ X Instructions 'esentation 
Positions interaction, F (10 ) =a | 
D < .025, is presented grap! in Figure — 
1. It is clear that instructi o rehearse 
according to conceptual cates cries (CI) re- 
sulted in a systematic patte; of input 
time which was related t. blocked 
Structure of the lists, Of par ır interest 
in this interaction was the rence be- 
tween IQ levels in both CI arc NCI com- 
parisons. Under CI conditi. ormal Ss 
spent significantly more ti; category 
boundary positions than did rded Ss— 
1Q X Position interaction í 1, F (19, 
722) = 3.25, p < .001, alth. time at 
other input positions did no: r, Sim- 
ilarly, NCI normal Ss exhibited a different 
pattern of input processing than did unin- 
structed retarded Ss—IQ X P in inter- 
action for NCI, F (19,722) = 1.83, p< 
:025. Neither NCI function appeared to be 
related to the categorized struct: of the 
list. Normal Ss apparently employed a 


serial acquisition Strategy, suggested by the 
increasing time function across serial posi- 
tions (cf. Kellas & Butterfield, 1971), 
whereas retarded Ss passively exposed the 
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FIGURE Í. Mean exposure durations across pre- 
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~ items at a * ;mewhat variable rate of ap- 
proximately ^ se /item. : 

The Instructions X Trials X Presenta- 
tion Positio interaction, F (38, 2888) — 
142, p < .05, revealed the same relative 
patternine me for CI and NCI Ss as 
shown in Figure 1 and indicated that input 
time decr | more across trials for NCI 
groups tha r CI groups. This indicates 
that instru- ons to cluster had a relatively 
consisten: t on input time for all three 
trials. 

Overt ri al activity. Overt rehearsal 
was quan ned using two dependent mea- 
sures, rc | set size and repetitions. 
Rehears: size refers to the number of 
different is rehearsed at any one presen- 
tation posi'ion, whereas repetitions refer to 
the tot: imber of overt rehearsals af- 
forded ‘om during presentation, The 
design fo: both analyses of variance was 
identica! :^ that for exposure durations. 

As in ihe input time analysis, the three- 
factor x Instructions X Presentation 


ateraction was significant, F (19, 
1444) 13, p < .001. This interaction 
is displayed in Figure 2. The pattern of 
rehear et sizes was very similar to the 
input (ime patterns displayed in Figure 1. 


Positio 


The Ss under Cl conditions exhibited a 
systematic pattern of categorized rehearsal 
that was not present under NCI conditions. 


As in the analysis of input time, normal Ss 
displayed greater rehearsal activity than 
retarded Ss under both CI, F (19, 722) — 
6.60, p < .001, and NCI, F (19, 722) = 
2.41, p < .001, conditions. Although nei- 
ther of the NCI groups displayed rehearsal 
patterns related to the organized structure 
of the list, it was again apparent that nor- 
mal Ss were using a more active rehearsal 
strategy than retarded Ss. 

The analysis of repetitions revealed an 
Instructions X Presentation Positions in- 
teraction, F (19, 1444) = 2.93, p « .001. 
The CI Ss rehearsed each item approxi- 
mately the same amount during input: N - 
Ss exhibited a decrease across positions in 
the number of item repetitions. The NCI 
pattern was similar to that reported by Kel- 
las, Ashcraft, and Johnson (1973) under 
cumulative rehearsal conditions, whereas 
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Ficure 2. Mean rehearsal set size across presen- 
tation positions for clustering instructions (CI) and 
no clustering instructions (NCI) groups. (Abbrevi- 
ation: MR = mentally retarded.) 


the pattern for CI indicated no evidence of 
serial processing. Instructed rehearsal re- 
sulted in little change across positions in the 
amount of repetition, and evidently did so 
by depressing a serial processing tendency 
that was present in the NCI group. 

From these results, it can be seen that the 
rehearsal training procedure had a marked | 
effect on input processing. Relative to the 
processing exhibited by NCI groups, per- 
formance under the CI condition reflected 
active chunking of the input according to 
the categorized structure of the lists. Al- 
though neither uninstructed group tailored 
its input processing to the categorized 
structure of the lists, the difference between. 
the two functions indicated that normal 
children were using a more active acquisi- 
tion strategy than retarded children. 

Recall performance. Recall performance 
was analyzed in three ways: total number 
of correct responses, number of categories 
recalled, and chunk size across category 
output positions. Each analysis included 
the between-Ss factors of IQ, instructions, 
and retrieval cues. The chunk size analysis 
also included the within-Ss factor of cate- 
gory output position; i.e., the size of each 
successively recalled category was examined 
across the first four category output posi- 
tions. The fifth category was not included 
due to the reduced number of observations 
at that point, and only the initial entry into 
any category was scored. The percentages 
of words recalled after the initial output 
positions, for normal Ss, were 5%, 5.3% 
1.3%, and 37.2% for CI-cued, Cl-uncued 
NCI-cued, and NCI-uncued, respectively 
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The comparable figures for retarded Ss 
were 0%, 2.1%, 2.9%, and 21.3%, respec- 
tively. Within the NCI-uncued groups, 
. average chunk sizes for all category reen- 
- tries were 1.6 for normal Ss and 1.1 for 
retarded Ss. Clearly, a substantial propor- 
tion of recall in the NCI-uncued groups 
included items that were not well organized 
according to conceptual category, congru- 
ent with the input processing performance 
of NCI groups. 

The total number of correct responses 
was significantly enhanced by instructions 
- to rehearse according to category member- 
ship, F (1, 72) = 32.03, p < .001, and by 
— provision of retrieval cues, F (1, 72) = 
. 22.94, p < .001. Provision of retrieval 
- cues also increased the number of categories 
- recalled, F (1, 72) = 20.79, p < .001. In 
- agreement with the predicted facilitation of 
E performance due to organized input proces- 
- sing, recall increased as a function of in- 
structions from 13.35 (NCI) to 16.60 (CI) 
items. Additionally, it is clear that Ss 
stored more information than they were 
- able to retrieve unaided; the mean number 
of recalled items increased from 13.60 to 

16.30 with retrieval cues, and the mean 
= number of recalled categories increased 

from 4.32 to 4.90. No other effects ap- 
- proached significance in either analysis. 

The examination of chunk size revealed 
specific information regarding the organiza- 
tion of recall. The significant main effects 
of instructions and retrieval cues were qual- 

- ified by two first-order interactions. The 
. Instructions X Retrieval cues interaction, 
F (1, 72) = 11.46, p < .005, indicated a 
differential effect of cuing on chunk size as 
a function of instructions. Provision of 
. cues increased the already large chunk size 
only slightly for CI groups (from 3.34 to 
3.65), suggesting that these Ss based their 
retrieval on category recall regardless of 
cue condition. Apparently, the experimen- 
tal provision of retrieval cues to instructed 
Ss was largely redundant with an already 
established retrieval plan. Performance in 
the NCl-uncued condition, however, re- 
vealed a low level of clustering and a high 
degree of category reaccess, suggesting that 
retrieval was not based on category mem- 


MARK H. ASHCRAFT AND GEORGE KELLAS 


bership in this group. The vision of re- 


trieval cues to NCI Ss res 


‘d in an in- 
crease in chunk size (f: ‘0 to 3.01), 
indicating that the categc: is had been 
encoded during input bu: not acces- 


sible during retrieval. 

The IQ X Retrieval í 
F (1,72) = 645, p < .0 
the increase in chunk size c 
cues was larger for norma! t 
Multiple comparisons of i 
ever, suggested that this e^: 
dependent of instruction gro: 
cant increase in chunk size w 
CI condition for either IQ g 
sed above. In contrast, i 
normal and retarded NCI 
under cued recall, with gre: 
observed for normal Ss, ! (1 
-001, than retarded Ss, ¢ (1 
.05. These results are con: 
input times for NCI groups, 
supported by the marginal! 
X Instructions X Retrieval 


nteraction, 
icated that 
o retrieval 
tarded Ss, 
ans, how- 
vas not in- 
Vo signifi- 
und in the 
as discus- 

: size for 
! increase 
ilitation 
1.44, p < 
44, p. < 
with the 
ve further 
ficant IQ 
interac- 


tion in the chunk size anal (1, 72) 
= 3.74, p < .06. 

Output time. It should :phasized 
that the above data alone d epresent 


al use of 
must be 
vy units 
re func- 
facilita- 


unequivocal evidence for th. 
higher order memory units. 
shown that the conceptual m 
that were formed during inpu: 
tional for retrieval independent : 
tion from rehearsal per se. Accordingly, 
inter- and intracategory retrieval times - 
should differ systematically to the extent 
that Ss used higher order memory units 
during retrieval. 

Two types of IRTs were scored for the | 
analysis of retrieval time. Between- cate- > 
gory IRTs represent the time to recall the 
first item from a category, and therefore 
measure the transition latency between 
categories. Within-category IRTs repre- 
sent the average IRT for the remaining 
words in a category, i.e., the average trans- — 
ition latency within categories. It should | 
be noted that the IRTs reported here come  ; 
only from uncued Ss, since the present pro- 
cedure of providing retrieval cues during S's 
recall introduces a possible bias in the meas- 
urement of time between responses. All j 


«red only for the initial entry 
No between-category IRT 


into a cate: 
was comp! ‘or the first category recalled, 
since the no acceptable procedure for 
measurir latency for the first response. 
Statistic lysis compared the time to 
recall th: item from a category (be- 
tween-ca IRT) to the average IRT 
for the ` ning words in the category 
(within-: ry IRT). The final between- 
and with ;tegory IRT was not included 
in the at due to reduced observations ; 
these po re presented in Figure 3, de- 
spite th iced reliability, since the func- 
tions arc gely consistent with previous 
research 

The nalysis revealed that transi- 
tions v categories were significantly 
faster U transitions between categories, 
F (i, 1605, p < 001, confirming 
the pr: ‘on that higher order memory 
units v | be functional during retrieval. 
Althou;, —within-category retrieval time 


fairly constant across output 

»etween-category retrieval time 

: a function of output positions, 
\ = 12.52, p < 001, consistent 
ious research. These effects, as 
e IQ X Category Output Position 
a, were qualified by the three- 
fact x Type of IRT X Category Out- 
put Position interaction, F (2, 36) = 13.41, 
p< 001. This interaction, displayed in 


remain 
positi 
increa 
E (2 
with 
well a 
inter. 


Figure 3, was examined further for both 
type 

Beiween-category IRTs differed across 
output positions as a function of IQ, F (2, 


36) = 4.51, p < .025. While normal CI 5 
exhibited an increasing between-category 
IRT curve, the comparable curve for re- 
tarded Ss was somewhat less systema- 
tic. Although the comparable analysis of 
within-category IRTs indicated no evidence 
of increasing retrieval time across output 
positions, the main effect of IQ was signifi- 
cant, F (1, 18) = 7.02, P < 025. Normal 
Ss required less time for within-category 
retrieval at every output position. These 
differences are consistent with the input 
time data, in that more active unitization 
of the category items would be expected to 
lead to more cohesive chunks, and hence 
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Ficure 3. Mean within- and between-category 
IRTs for Cl-uncued groups across successive output 
transitions as à function of IQ group. (Abbrevia- 
tion: MR = mentally retarded.) 


between 


faster and more systematic retrieval of both 
items and chunks. s 

The IRTs for NCI groups were examined 
to assess retrieval processes in the absence 
of specific rehearsal instructions. There 
were no significant effects in the analysis. 
The data revealed little similarity in retrie- 
val times between NCI and CI groups, and 
indicated that uninstructed Ss were not 
retrieving higher and lower order memory 
units. This conclusion is supported by the 
chunk size and category reaccess data, an 
is in agreement with the earlier comments | 
regarding input processing. An examina- - 
tion of simple word IRTs, undifferentiated a 
as to between and within categories, re- — 
vealed that early items in recall were re- a 
trieved more rapidly than later items, with — 
some evidence for rapid output of the last - 
one or two responses. 

A final issue addressed in the present 
study concerns the validity of inferences | 
concerning the IRT measure. Previous re- 
ports of IRTs have inferred that patterns 
of between- and within-category retrieval 
times reflect the use of higher order units 


during recall. The present study confirms 


Clearly, 


_ tween and within categories represents a 
—— valid distinction reflecting the processes 
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detection of the signal, whi 


up simply listened to the cues. 


1 no effect. 


imagines seeing an object, the 
»s to be visual in nature, and 
gators, such as Neisser (1967) 
1971), have argued that visual 
‘kin to visual perception. To 
hat this is true, imagining an 
c attempting to detect that 
id facilitate performance be- 
cause of ihe similarity in the visual mecha- 
j nisms reci aited by the two processes. And 

if similar mechanisms are invoked but the 
from the 


: When on 
" sensation 
some inve 


object being imagined differs 

object to be detected, detection should be 
hindered. Thus, this point of view holds 
that compatible images should facilitate 


signal detection, while incompatible images 
would interfere. 

Interference with signal detection has 
been shown under conditions that varii 
N the assumed use of the same or different 
ensory systems. The general approach in 
these experiments was to require to 
imagine either a visual or an auditory 
7 phenomenon while attempting to detect 
— either a visual or an auditory signal. The 
P results have shown greater interference 
within the same sensory mode than be- 
tween sensory modes (e.g. Segal & Fusella, 
1970). These experiments did not provide 
an adequate test of the compatibility hy- 
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isual perception and visual imagery involve similar mechanisms, then 
ible with a visual signal should facili- 
i le instructing Ss to imagine scenes incompatible 
h the visual signal should hinder detection of the signal. Segal's assimila- 
theory of imagery predicts superior detection when the image and the 
rnal target signal differ; hence, this theory expects more accurate detection 

ie signal when the images are incompatible than when they are compatible 

h the signal. The Ss performed a visual detection task under three condi- 

;: compatibly cued, incompatibly cued, and noncued. The imagery group 
instructed to imagine the referents 
The 
th compatible cuing and interference with incompatible cuing. The control 
oup also showed facilitation under compatible cuing, but incompatible cuing 


ructing Ss to imagine scenes compat 


of the verbal cues, while the control 
imagery group showed facilitation 


pothesis because the phenomena to be 
imaged were essentially unrelated to the 
signal, except for the assumed common 
mode of sensory input. Furthermore, the 
interference shown by the above experi- 
ments could have been attributed to other 
factors. When Ss are given the task of 
imagining a phenomenon in addition to 
the signal detection task, the amount of 
material to be processed, the extent and 
possibly the conflict between the types 
of encoding may be increased by the ad- 
ditional task. This extra task may over- 
load S's storage capacities. To provide a 
convincing demonstration that visual im- 
agery and visual perception do rely on 
similar mechanisms, it is necessary to de- 
monstrate both facilitation and interfer- 
ence. While interference may be attributed 
to the variables cited, facilitation cannot 
be so explained. When S's task is com- 
plicated by instructions to imagine the ref- 
erent of the verbal message while S is 
attempting to detect a visual target, any 
facilitation in performance cannot be as- 
signed to discrepant encoding activity or 
to an overload of S's processing capacity. 
This experiment studied the possibility 
that an imagery task would affect the 
detection of targets that were compatible 
or incompatible with the object to be 
imaged. Facilitation by compatible im- 
agery would be interpreted as support for 
the contention that visual imagery and 
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visual perception involve similar mecha- 
nisms. The degradation of detection per- 
formance by ‘incompatible images would 
replicate earlier results as well as suggest 
that the earlier results could be attributed 
to interference with the visual mechanisms 
of perception rather than to interference 
produced by encoding or a processing 
overload. 

Segal (1971) proposed an assimilational 
view of imagery that would predict the 
opposite effects of compatible and incom- 
patible cuing on detection. She contended 
that images are constructed from an as- 
similation of past memories and random 
sensory input. When the internal repre- 
sentation (image) and the external repre- 
sentation (target item, in the detection 
task) are similar, discrimination of the 
target items becomes difficult. Thus, this 
model predicts that a more accurate dis- 
crimination of the target would occur with 
incompatible images than with compatible 
images. 

The experiment reported herein also used 
two groups of Ss. One group heard the 
cuing phrases and was instructed to imagine 
the referent of the phrase as the detection 
task was presented. The other group heard 
the same phrases, but no imagery instruc- 
tions were given. This group was used to 
study the extent to which verbal cues 
would facilitate or hinder signal detection 
in the absence of explicit instructions to 
imagine the referents of the phrases. The 
difficulty with such a group is that any 
self-instructed use of imagery cannot be 
detected. If the two groups showed the 
same effects of cuing, these results would 
Suggest that the cuing phrases were treated 
— similarly by both groups, regardless of the 
— explicit instructions, and that this treat- 
. ment either did or did not influence signal 
detection. And, of course, differential per- 
_ formance on the signal detection task by 
the two groups would imply that the two 
groups processed the cuing phrases in dif- 
ferent ways or used them differently during 
‘the detection task. Both groups were also 
tested with no cuing phrases to obtain an 
estimate of their performance when no 
concurrent processing was required, 
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METHOD 

Design. The design consiste ur stages. 
All Ss were shown the t t pictur nd heard 
the names of the pictures d g tl liarization 
stage. This stage was to < vith the 
targets and to reduce the S-gen: 
crated labels for the pictur: three 
stages involved the detectic the detec 
tion task, S saw two slides, í bank 
interval. Both slides show: one 
slide also contained an embedd The" Sig 
task was to decide which of the $ cons 
tained the picture and to label the n d picture. 
The first and third stages of the ection task 


were conducted without cuing to 
measures of S’s performance in th nd of e. 
tion task and the expected iin preveme 
practice. These stages were d 

cued 1 and Noncued 2, respecti 

stage of the detection task intro ij 
presented phrases that described scencs 
compatible or incompatible with the target ; 
One group, the control, listened to the 
The other group, imagery cuing, listened to au 
visualized the scenes described by the phra 

"Materials. During the familiarization s 
saw 24 black-and-white slides containing t 
ings of such common, easily identified and labeled] 
objects as a dog, a house, an owl, or a teleph 
The detection stages showed slides containing vi 
noise that was made by sampling randomly fr 
a pool of cut-up drawings (simple masks) and 
containing the pictures masked by the visu 
The area covered by the masks was approxima 
the same for E slides, and this area always e» 
ceeded the area of the target picture. Three trays 
of slides were used for the detection stage. 
tray contained 24 3-slide sequences. The first 2 
slides of each 3-slide sequence were 1 masked 
picture and 1 simple mask. Twelve of the 24 
sequences, selected randomly, showed the masked 
picture as the first slide of the sequence, and the 
other 12 sequences presented the simple mask as 
the first slide. In all sequences, the third slide 
was blank. 

Simple phrases then were prepared for eachl 
target picture. These phrases consisted of a refer- | 
ence to the target picture plus a few embellishing 
details. For example, the phrase prepared for the 
Picture of a spoon was “a spoon is on the floor 
with ants on it." These phrases were paired with 
their target picture (compatible cuing) or with 


vin base 


phrases, 


noi 


another picture (incompatible cuing) as described 


| below. 

^ App A Kodak Carousel projector pro- 
* | jected ti onto a screen approximately 6 ft. 
| | in fror The Ss were run in squads of 


cople. Each S was separated from the 
; plywood dividers. 

The Ss were 60 undergraduates at 
sity who participated to fulfill a 
Squads of up to 4 Ss were 


Univ 
urement. 


randoin!y assigned to the two groups. Each of the 
three d tion task trays was used equally often 
in the fist, second, and third stages of the detec- 
tior Additional Ss were run to provide 

30 . group. 
I lure. The slides of the first tray displayed 
the sked pictures for 2 sec. each, during 
ne E said the name of the picture. For 


of the detection task, the first 2 slides 
3-slide sequence were shown for .75 sec. 
e and the blank slide was shown for approxi- 
mately 10 sec. During the blank interval, Ss were 
insiructed to write Jst or 2md on their answer 


shcets, depending on which slide they thought 
contained the masked picture. They then wrote 
the name of the picture if they knew it. The E 
said, "Now," immediately before the onset of the 


first slide in each 3-slide sequence. No phrase 
cuing was used for the two noncued stages of the 
detection task. 

After the first stage of the detection task, Non- 
cued 1, Ss were read the appropriate cuing in- 
structions. The control group simply listened to 
the phrase before each 3-slide sequence. They 
were told that, “. . . the phrases read to them 
may or may not be related to the pictures. . . .” 
The imagery group received the same instruc- 
tions, but in addition, they were instructed to 
imagine the scene described by the phrase. Half 
of the phrases were paired to be compatible with 
the masked target item and half were paired to be 
incompatible, for both groups. The 3-slide se- 
quence was then shown. This procedure was 
repeated for each of the 24 sequences in the middle 
tray of the detection task. The last stage, Non- 
cued 2, followed. 


: 


RESULTS 


The Ss had two related tasks. Their 
first task was to identify the slide con- 
taining the target picture, essentially a 
two-alternative forced-choice procedure, 
which, by avoiding the criterion problem, 
focused mainly on the abilities of Ss to 
perceive (detect) the target under the ex- 
perimental conditions. The second task, 
labeling or naming the target picture, also 
depended on the abilities of Ss to detect 
the presence of an embedded picture, but 
made the further demand that perception 
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of the picture be sufficient to permit 
naming. The most stringent, unambiguous 
measure of S’s ability to detect and to 
name the picture was provided by the 
numbers of target slides correctly assigned 
and correctly labeled. The primary anal- 
ysis of the experiment was based on this 
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measure, abbreviated as correct slide — cor- 


rect name. The other relatively unambig- 
uous measure came from slides incorrectly 
assigned and incorrectly labeled, (wrong 
slide - wrong name). Clearly, this per- 
formance represented inadequate percep- 
tion of the target. 

Two other measures were employed, 


reflecting the other possible combinations - 


of performance on the two tasks: correct 
slide - wrong name and wrong slide — cor- 
rect name. The .S's perception of the 
target slide might have been adequate to 
support a correct assignment of the target 
to the first or second slide, but not suffi- 
cient to permit naming. If these Ss had 
attempted to guess the correct name, most 
guesses would have been incorrect, because 
their chance of guessing correctly was one 
in 24, or .04. Another interpretation of 
the performance represented by the correct 
slide — wrong name category was that per- 
ception was faulty and Ss simply guessed 
both the slide and the name. Their 
chance of guessing the slide correctly 
was .5, considerably higher than their 
chances of correctly guessing the name. 
The other performance category, wrong 
slide - correct name, is most easily inter- 
preted in terms of guessing. Because of 


the ambiguities of interpretation, little at- 


tention was accorded these two perform- 
ance categories. 


The scores for the four performance 


categories are given in Table 1 for the 
two groups and the four stages of the 
detection task. The means and standard 
deviations for the two noncued stages were 
based on 24 trials each, so the highest 
possible mean was 24; the means and 
standard deviations for the two cued stages 
were based on 12 trials each, so the highest 
possible mean score was 12. To eliminate 
the differences in the number of trials, 
the scores were converted to proportions, 
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TABLE 1 


PERFORMANCE BY IMAGERY AND CONTROL GROUPS UNDER NONCUED, COMPAT Y CUED, 
AND INCOMPATIBLY CUED CONDITIONS 


Condition Noncued 1 Ineo pable Compatible cuing ncued 2 
Correct slide-Correct name 
Ima; ‘ou, 
ade aks 10,03 3.48 9.79 3.62 
[ SD 3.1015 2.8961 1.9366 4.1391 
3 P (total possible) 42 29 .82 57 
Control group 
M 9.62 5.76 9.34 2 
SD 2.9759 2.2842 1,8247 176 
P (total possible) AQ A8 78 j 
Wi rong slide-Wrong name 
magery grou 
M. IONS 5.52 3.59 19 
SD 3.4303 2.1257 .9606 | 39 
P (total possible) 23 .30 .06 | 
Control group | 
M 4.07 1.79 19 | i 
SD 2.8154 1.6688 .8043 103 
4 P (total possible) 417 45 07 
D Correct slide- Wrong name 
Imagery group 
M 8.28 4.66 1.03 | ( 
SD 3.4531 2.3675 1.1290 | 5 
P (total possible) 34 39 .09 
Control group 
M 9.69 4.38 1.69 | 6 
SD 2.9490 1.6276 1.4880 | 2. 
P (total possible) 40 .36 44 | 
Wrong slide-Correct name | 
Imagery group | 
M AT .28 38 
SD 3777 S811 8057 1.091 
P (total possible) .01 .02 03 0 
Control group 
M 62 14 AT 66 
SD 7617 4334 3777 1.1227 
P (total possible) 03 OL .01 03 
$ ` Note. Data are based on 24 trials for Noncued 1 and Noncued 2, and on 12 trials for incompatible and compatible cuing. 
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p^ given in Table 1, and the proportions 
were subjected to arcsin transformations 
- for all subsequent analyses. 
Correct slide — correct name. An analysis 
_ of variance conducted on an arcsin trans- 
formation of the proportions of targets 
correctly assigned and correctly labeled 
indicated that the main effect for the two 
groups was not reliable, F (1, 58) — 1.58, 
P > .05, but both the stages of the detec- 
tion task, F (3, 174) — 77.78, p « .01, and 
the interaction of the groups with the 
stages of the detection task, F (3, 174) 
= 8.14, p « .01, were significant. 
The interaction was examined, using 
Tukey tests. The imagery group cor- 


rectly assigned and labeled more pictures 
when the cuing was compatible than when 
no explicit cuing was given, and they cor- 
rectly assigned and labeled significantly 
fewer pictures under conditions of incom- 
patible cuing. These differences were reli- 
able beyond the .01 level, implying that 
the imagery group showed both facilita- 
tion and interference as a function of the 
compatibility of the to-be-imagined scene 
and the target item. The imagery group 
showed no practice effect from Noncued 1 
to Noncued 2. These results support the 
view that visual imagery and visual per- 
ception involve similar mechanisms and 
refute the assimilational hypothesis. 


also showed signifi- 
and la- 


This 
ce of in- 
terference le mpatible cuing 
condition. rformance under incompat- 
ible cuing s slightly better than per 
formance ‘ Noncued and somewhat 
poorer thar performance On Noncued 2, 
but thes fferences id not approac 
significan: The practice effect from 
Noncued t tO Noncued 2 was reliable at 
the .05 leve! tor the control group. 

Wrong _ wrong name. BS ght be 
expected analyses performed on the 
arcsin t formation of the proportions 
of incorrectly assign. and in incorrectly 
labeled ;ets yielded essentially the in- 
verse ol analyses of the correctly as- 
signed labeled targets four 
stages oí he detection task differed sig- 
nificantly, F (3, 174) = 28,13, P € .01, and 
the interaction with the two groups was 
reliable, (3, 174) = 6.93, P< 04, but 


p 
roups did not differ as 2 main 
Tukey tests showed that, in gen- 


the. two 
effect. 


eral, more slide name errors were made 
during t! incompatibly Cu and Non- 
cued 1 s than during the two other 


stages, à 
errors 
cued stage than during the other three 
stages. The interaction with groups arose 
because incompatible cuing produced reli- 
ably more slide name errors fOr the imagery 


named performance category, it W 
that both groups show i 
formance under compatible cuing à 
the performance of i 
declined more und 
than did the performance o! 
group. 

Correct slide — Wrong name; wron: 
correct name. For 
beginning of the Results section 
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portions 
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formance categories could not be un- 
ambiguously interpreted. Both appear to 
be highly dependent on guessing. When 
correct assignment of the slide, the pro- 
of ) 
proached the chance 
groups under the various Stages of t 
experiment. No differences Were found for 
the wrong slide — correct name measure. 
The correct slide - wrong a 
did show some differences, 
fewer of these responses under compatible 


experiment, as shown by Tukey tests con- l: 
ducted after an analysis of variance yielded 
a reliable stages main effect, F (3 
= 64.09, P € 01. No other effect was 
significant. 

The results of the four performance 
measures indicate that compatible cuing 
increased the detection of the correct slide 
target, while 


structed imagine scenes described by 
hrases, th detection of target pictures 
that were compatible with the hrases Im 


creased, while their detection of pictures that 
were incompatible decreased, 


2 
° 
B 

ks] 
p 
E 
Ss 


ro 

targets will be most accurately 
the external signal differs from the 
re resentation. Rather, these 


erception and visual imagery: 


nature (see Neisser, 
relevant literature). The 


be interpreted 1n the following way. 
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Ss in the imagery group hear the phrases, 
they draw on stored representations that cor- 
respond to the meaning of the phrase. These 
Stored representations are "reconstructed" to 
provide a match against which to test the 
two slides of the detection task. If a match 
is achieved, as is likely under compatible 
cuing, S is able to respond readily with the 
correct assignment and the name of the target. 
When the meaning of the phrase is incom- 
patible with the target, a match will not be 
achieved, so Ss in the imagery group would 
_ be expected to make erroneous assignments 
and to be forced to guess the name of the 
target picture. 

. How would this approach handle the con- 
| trol group's facilitation by compatible cuing? 
— One explanation is that the control group 
- also imagined the referents of the phrases, 
_ thereby facilitating matches with the embed- 
ded pictures. But if Ss in the control group 
did imagine the referents of the embedded 
pictures, why didn't they manifest interference 
_ as did Ss in the imagery group? The control 
group might have imagined the referents of 
fewer phrases, thus generating less interfer- 
ence, but this possibility would argue for 
symmetrical facilitation and interference ef- 
fects that were less extensive than the facili- 
tation and interference effects shown by the 
imagery group. This argument is contradicted 
by the data, which showed essentially the 
.. same level of facilitation by both groups. 

D. The results might have been produced by 
characteristics of the cuing phrases. If it 
were possible for Ss to distinguish compatible 


-— from incompatible phrases, they could ignore 
the incompatible phrases, thus reducing inter- 
jc ference. However, the Ss of both groups had 


r 
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no means of identifying the compatible 
the incompatible phrases unless and u 
they detected the target picture. Furth 
the data in Table 1 indicate that compatibl 
cuing did not predispose Ss toward correc 
labeling regardless of their perceptions, T 
this had been the case, the proportions of 
correct slide — correct name and wrong slide 
correct name would have been similar, How. 
ever, compatible cuing may have disposed Ss 
toward correct labeling when their percep- 
tions were sufficient to select the slide con- 
taining the embedded picture. 

Another explanation of the facilitation 
shown by compatible cuing was that the 
verbal phrases exerted a priming effect fo 
both groups when perception supported cor- 
rect identification of the slide containing the 
picture. This explanation ignored any con- 
tribution of imagery, per se, to the facilita- 
tion effect. The effects of imagery instruc- 
tions exerted an influence at the level ol 
interference only. This explanation, which 
is consistent with the data, implies that verbal 
cuing may haye facilitating effects on a visu al 
perception task, while visualizations of the 
meaning of the phrases interfere with visual. 
perception. 
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Ss in the experimental group received 


classical aversive conditioning trials with tone conditioned stimulus (CS) 


h the tone only or the shock only, 


sing was measured as well as muscle tension and heart rate. 
imental group conditioned suppression 


(UCS) Two control groups were presented 


respectively. In Phase 2 the CS alone 
utton-pressing task in which the rein- 
suppression of button 
In the ex- 


four test trials, conditioned cardiac acceleration was evident on Trials 1 


| 2 only, and there was no 
lition, the patterns 
oss the four test trials were not eq 


s concluded that (a) 


humans were probably due to ineffective procedures 


erences between humans and oth: 


of extinction of 


uivalent in the experimental group. It 


previous failures to obtain conditioned suppression 


rather than to species 
er vertebrates, (b) autonomic nervous 


cm and skeletal respondents are not necessary for the mediation of con- 


tioned suppression, and (c) 


aversively conditioned autonomic and behavioral 


jonses are not equally valid indices of emotional responding. 


Conditi‘ 
finedasa c 
maintained 
a signal wl 


| suppression is usually de- 
ease in the rate of appetitively 
esponding in the presence of 
h has been regularly followed 
by an una ;dable aversive stimulus (Lyon, 
1968). « Estes and Skinner (1941) 
first obtained conditioned suppression using 
rats as Ss, the phenomenon has been reli- 
ably demoustrated in a variety of other 
vertebrate species including fish, pigeons, 
mice, guinea pigs, cats, dogs, and monkeys 
(Lyon, 1968). It is of interest, therefore, 
that attempts to obtain conditioned sup- 
pression in humans have met with little 
success (Kanfer, 1958; Rand, Sloane, & 
Dobson, 1971; Sachs & Keller, 1972; Sachs 
& May, 1967, 1969). 

Two main hypotheses have been pro- 
posed to account for the difficulty in obtain- 
ing conditioned suppression with human Ss. 
On the one hand, it has been hypothesized 
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that there exists a species difference in the 
probability of obtaining conditioned sup- 
pression between humans and infrahumans 
based either on biological differences or on 
differences in conditioning histories (Rand 
et al., 1971; Sachs & May, 1969). On the 
other hand, it has been suggested that 
demonstration of conditioned suppression 
in human 5$ comparable to the effect pro- 
duced in infrahumans may require com- 
parable experimental conditions (Rand 
et al., 1971). For example, previous experi- 
ments using human Ss have included oper- 
ant tasks such as verbal responding (Kanfer, 
1958) and stimulus. matching (Sachs & 
Keller, 1972; Sachs & May, 1969), These 
tasks are dissimilar to tasks such as bar 
pressing which have been used in infra- 
human studies. 

On examination of methods employed in 
previous conditioned suppression studies 
using human Ss, it becomes clear that at 
least two general criticisms are warranted. 
First, none of the previous studies used à 
stimulus which had been operationally de- 
fined as having reinforcing properties when 
it was made contingent on the operant 
response. 
reinforcer and relied on verbal instructions. 
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Sachs and Keller (1972) and Sachs and 
May (1967) used points on a meter. Rand 
€t al. (1971) and Sachs and May (1969) 
employed tokens or points which were later 
exchanged for money. Since none of these 

. stimuli was independently verified as being 
an effective reinforcer in the various experi- 
mental situations, it is possible that operant 
responding was significantly influenced by 
uncontrolled factors such as $ expectancies, 

The second criticism of the human studies 
arises from the currently accepted theory of 
conditioned suppression which states that 
suppression results from classically condi- 
tioned respondents which interfere with 
appetitively maintained behavior (Lyon, 
1968; Zeiner, Nathan, & Smith, 1969). 
The degree of suppression is consequently 
assumed to be a sensitive index of the 
effectiveness of the Pavlovian conditioning 
procedure. It follows that failures to reli- 
ably obtain conditioned suppression in 
humans may have been due to ineffective 
classical aversive conditioning procedures, 
Only Kanfer (1958) took this possibility 
into account by measuring heart rate as 
well as operant responding during the inter- 
stimulus interval. 

The primary aim of the present experi- 
ment was to reliably produce conditioned 
Suppression in human .Ss by testing for the 
phenomenon under conditions comparable 
to those used in infrahuman studies, The 
operant task was button pressing, and re- 
inforcement was provided by slide viewing. 
This procedure was suggested by Kruper 
and Haude's (1964) successful demonstra- 
tion of conditioned Suppression in monkeys 
using visual stimulation as a reinforcer of 
In addition, 


stable rates, 

As well as rate of button pressing, heart 
rate and muscle tension Were measured in 
the present experiment. These measures 
had two functions, First, they served as 
independent indices of the effectiveness of 
the classical conditioning procedure. If 
conditioned physiological changes occur to 
the conditioned stimulus (CS) and these 
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changes are not accompar 
sion of operant responding 
convincingly concluded tha: 
suppression is more difficult t- 
human than with infrahi 
second function of the p 
sures was to test the hypo 
ditioned respondents mediati 
include autonomic and sk 
(Lyons, 1968; Zeiner et al, 
hypothesis is valid, then co 
raté and muscle tension ch 
parallel changes in conditioned < 
of button pressing. 


conditioned 
obtain with 


pression 


METHOD 
Subjects. The Ss were 21 male a 24 female 
undergraduate volunteers with a n age of 


23.05 yr. and an age range of 18~j2 
of the Ss had previously participated in 
periment involving the administrati 
Shock. Potential .Ss who reported 
diagnosed cardiopathology were asked 
from the experiment. 


None d 
an ex 
f electric 
stories of 
withdraw 


* Apparatus. The apparatus used tc iver slide 
reinforcement was a Pradovit 5 projector with a 
modified slide carriage (containing 10i :des) and 
mounted on a movable trolley. The i s from 


slides were reflected by means of two dle-sided ” 
mirrors onto Plexiglas 
X 20 cm.) situated approximately 45 cv: ibove the 

i lay ona 
means of à 
100 slides 
ind Aes- 


of rein- 


button mounted on a handgrip. T 
were photographed from the Meier Ari 
The sched! 
forcement was controlled by a Universa! Scheduler. 
Button presses > cumu- - 
latively recorded by a Riken-Denshi (Mode! SP-J3) _ 


Electrocardiogram (ECG) and electro: P 
(EMG) recordings were obtained through Beckman i 
biopotential silver-silver ‘chloride electrodes at- " 
tached to the skin with adhesive collars. The ECG 
signals were preamplified at individually adjusted 
gains of 500 or 1,000. The EMG signals were | 
integrated and preamplified at a gain of 10,000. 
The ECG and EMG signals were fed into a San- 
Ei Visigraph U/V recorder (Model F2-102). In- 
tegrated EMG calibration was 19.23 pv/cm. Muscle 
tension was measured by means of a Muraki Com- 
pensatory Polar Planimeter (Model 10149). 

The aversive unconditioned stimulus (UCS) was 
a 47-v. electric shock generated from a battery- 
Operated constant voltage circuit. Shock output 
was in square-wave pulses at 50 cps and was con- - 
trolled by a micrometer scale. Shock was delivered 
to S through a dual-element concentric electrode 
attached with an armband and designed and tested 
by Tursky, Watson, and O'Connell (1965). Beck- 


een (19599 


HEAR? RATE AND MUSCLE TENSION 


man Offner paste was used to increase conduction 
at all electro ites. Through-electrode skin re- 
sistance was d with a Jemco Multitester 


(Model US-! The CS was a 1,000-Hz. tone 
generated by vlett-Packard oscillator (Model 
4204A) and dcivered to S via earphones. Decibel 
rating, measur-d 1 in. from an earphone (with a 
General Rad Type 1565A sound-level meter), 
was 65 db. he durations of shock and tone 
were programmed with the aid of a pulse-sequence 
generator and a solid-state stepper. An event- 
marker channe! on the U/V recorder indicated 
onset and tc ation of the tone and shock. 

The exp: nt was conducted in a darkened, 
sound-atten temperature-controlled room. 
All progran and recording equipment was 
situated in a acent cubicle. 

Procedure. Ss were alternatively assigned 
to the ex; ental or control groups with the 
constraint 's in each group were matched on 
age and sex kin resistance at electrode sites was 
reduced to ! than 10,000 @ for EMG and ECG 
electrodes to less than 5,000 @ for the shock 
electrode, bv shaving the appropriate areas. The 
ECG elect ; were placed on the ventral sur- 
faces of t! ht wrist and left and right ankles. 
The EMG rodes were placed over the extensor 
carpi radi muscle in the right forearm. The 
earth elec was placed immediately above the 
left elbow e shock electrode was attached to 
the dorsal surface of the left forearm, halfway 
between the wrist and elbow. The S was then 
requested to "relax" on the experimental couch 
in the darkened cubicle for the next 10 min. The E 
informed rhat no shocks could occur during 
this period and showed them the disconnected shock 
electrode. l'or tone control Ss, the shock electrode 
remained disconnected during the entire experi- 


mental session. All Ss were instructed to remain 
. as still as possible during the experiment. Ear- 
phones were placed on the head of each S. At the 
end of the relaxation period, E reentered and con- 
nected the shock electrode of experimental and 
shock control Ss. These Ss were told that they 
would receive some painful but physically harmless 
electric shocks, and experimental 5s were told that 
a tone through the earphones would serve as a 
warning that a shock was about to occur. Tone 
control Ss were told that they would be hearing 
some tones through the earphones. 
The classical aversive conditioning procedure 
consisted of five CS-UCS pairings. The duration 
of the CS was 12 sec. and the duration of the 
UCS was 1 sec. A delayed conditioning paradigm 
was used in which the UCS was superimposed on 
the last second of the CS. Intertrial intervals 
(ITIs) were controlled by Æ and were randomly 
selected from 4.0, 4.5, 5.0, 5.5, and 6.0 min. in 
Order to prevent temporal conditioning. Tone 
Control Ss received the tone without shock at the 
Same random intervals as did matched experi- 
Mental Ss, while shock control Ss received the 
Shock without tone at the same random intervals 


as did matched experimental Ss. A preliminary - 
parametric study which included several shock —— 
levels and numbers of CS-UCS pairings had de- ~ 
monstrated that the chosen classical conditioning 
procedure was effective in producing reliable cardia 
acceleratory responses to the CS. 

Following the conditioning and control proc 
dures, Ss were instructed to relax on the couch 
for a further 10 min. The E then wheeled th 
slide-projecting apparatus to the end of the couch 
so that the viewing screen was directly above the. 
head of S. The S was given the handgrip to hold. 
in the left hand and informed that if the response 
button were pressed a number of times a slide 
would appear on the screen. The E then returned | 
to the adjacent cubicle. Slide reinforcement was 
delivered on a fixed-ratio-15 schedule, and slid 
duration was a fixed period of 3 sec. During per- 
formance of the operant task, the 12-sec. CS was 
presented four times without shock at random — 
intervals ranging 2.5-5.5 min. Immediately before - 
and during each presentation of the CS, EMG and = 
ECG samples were taken. Button presses were Ti 


continuously recorded. E. 
i 

RESULTS oa 

aM 


we 


Operant data. Analysis of conditioned” 
suppression data often involves the use of — 
Ss as their own controls. Responding - 
during the CS is compared with responding 
during a period of equivalent duration in - 
the ITI. This type of analysis is used in - 
order to take into account the possibility 
that the response rate during the CS for 
any S is related to the response rate in the — 
absence of the CS. In the present experi- 
ment, however, no such relationship was .- 
found to occur. Regardless of the number ` 
of operant responses made by Ss in the. 
experimental group in the absence of the ^ 
CS, in the presence of the CS the button- 3 
pressing rate generally dropped to very » 
low levels of responding. The Ss were. 
not used as their own controls in thi 
experiment, therefore, and the independent | 
control groups provided the baseline of re- i 
sponding with which to compare the re- : 
sponding of the experimental group during | 
presentations of the CS in testing. 

In order to validate comparisons be- 
tween numbers of responses made by ex- 
perimental and control Ss during the CS, 
it was first necessary to establish that 
response frequency in the absence of the 
CS was comparable. A one-way analysis 
of variance (ANOVA) revealed a nonsig- 


TABLE 1 


MEAN OPERANT RESPONSES AND MEAN HEART 
RarES ON TEsr TRIALS FOR EXPERIMENTAL 
AND CONTROL GROUPS 


Group 
Dependent Trial 
variable 
CS-UCS cs ucs 
Operant response 1 4.53. | 13.26 | 13.26 
2 6.66 | 14.46 | 14.46 
3 8.13 | 15.06 | 14.20 
4 8.26 | 15.06 | 16.20 
—— Heart rate 1 88.001 | 74.57 | 73.46 
sp 2 85.20 | 74.44 | 73.42 
3 82.86 | 7428 | 73.54 
4 81.78 | 74.99 | 72.54 


Note. Abbreviations: 
= unconditioned stimulus, 


CS = conditioned stimulus, UCS 


nificant difference in the total numbers of 
responses made by experimental and con- 
. trol groups during the ITIs (p > .05. A 
. repeated measures ANOVA with Scheflé 
comparisons was used to analyse the CS 
. data. This data formed a two-factor 
(Groups X Trials) design with repeated 
. measures on one factor (trials). Significant 
"group, F (2, 42) = 7.38, p < .01, and 
_ Trial, F (3, 126) = 5.87, p < -01, effects 
— were obtained. The Group X Trial inter- 
action was not significant (b > .05). The 
Scheffé comparisons showed that the ex- 
perimental group made significantly fewer 
= operant responses during the CS than 
E either control group on each of the four 
> test trials (6 < .01 in each case). The 
= control groups did not differ significantly 
-. from each other on any of these four test 
- trials (p > .05 in each case). The trial 
_ effect was found only in the experimental 
- group where the number of responses made 
during Trial 1 differed significantly from 
` the number made during each of the other 
~ three trials (p < .01 in each case). This 
. result implies that the number of operant 
responses made by experimental Ss during 
the CS increased significantly from Trial 1 
to Trials 2, 3, and 4 (extinction), whereas 
the number of responses made by the con- 
trol groups showed no significant change 
across the four trials (see Table 1). 
Heart rate data. Heart rate measures, 
based in each case on four complete heart- 
beats, were collected during testing in the 
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g CS onset” 
‘lowing CS 
> converted 


periods immediately preced 
(pre-CS) and immediate! 
onset (CS). All measurc 


to beats per minute b. | oa R-R inter 
vals. Repeated measur OVAs with 
Scheffé comparisons were u to analyse 
pre-CS and CS data based c two-factor 
(Groups X Trials) design ' repeated 
measures on one factor (tria! 

The pre-CS data yielded : significant 
group, trial, and Group x | interac- 
tion effects (p > .05 in each ) These 
results show that the heart r: of experi- 
mental and control groups v not sig- 
nificantly different during : g in the 


periods immediately precedi: S onset, 


The CS data yielded a sign nt group 
effect, F (2, 42) = 3.39, p < a signifi- 
cant trial effect, F (3, 126) — : b « 05, 
and a significant Group X interac- 
tion, F (6, 126) = 2.82, p 05. The 
Scheffé comparisons revealed sat heart 
rates during the CS in the c. «rimental 
group were significantly highe; iian heart 
rates in either control group on ' est Trials 
1 (p < .01) and 2 (p < .05) t not on 
Test Trials 3 and 4 (p > .05 in -ch case). 
There were no significant di^ ences in 
heart rates between the contrc: oups on 
any of the test trials (p > .05 in «ch case). 
The trial effect was found only = the ex- 
perimental group where heart rai on Trial 
1 differed significantly from hea:: rate on 
Trial 4 (p < .05). "That is, the conditioned 


cardiac response to the CS in the experi- 
mental group showed a significan! decrease 
across trials (extinction), while in the con- 
trol groups there was no significant change 
across trials (see Table 1). d 
Muscle tension data. Muscle tension 
measures were obtained during condition- 
ing and testing phases in the 11-sec. period 
preceding CS onset (pre-CS) and in the 11 
sec. following CS onset (CS) on each trial. 
In the conditioning phase, muscle tension 
measures from the shock control group 
were obtained during periods of the ITIs 
which were equivalent to pre-CS and CS 
periods. An additional measure was ob- 
tained from conditioning trials only in the 
11-sec. period following CS and/or ucs 
termination (post-CS). Muscle tension 


conditioning í 
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onditioning and testing 
vsed since preliminary 
indicated that, unlike 
ng of heart rate, classical 

nuscle tension was not a 

aon. Its absence during 

fore have been due to its 

-onditioning. All muscle 

; were converted to micro- 


data from bo 
phases were 
experiments ! 
classical cond 


robust phen: 
testing may t 
absence duri: 
tension meas 
volts per sec: 


Shapiro- V tests of normality showed 
that raw sc were not distributed nor- 
mally in mo lls. A nonparametric test, 
the Friedma ANOVA test for related 
samples, w therefore used to analyze 
muscle tens neasures from conditioning 
and testin; ses, For each 11-sec. data- 
sampling | |, experimental and control 
groups sco- ^ were summed across trials 
and comp using the Friedman test. 
Pre-CS and C3 analyses yielded nonsignifi- 
cant result: 1 both conditioning and test- 
ing (p > ^5 in each case). There was 
therefore x: evidence of either a classically 


iuscle tension response Or of 
| activity during the CS in 


condition 
gross ske 


either cor:!itioning or testing. In the post- 
CS period, However, there was a significant 
difference between the three groups (P < 
01). Wileoxin matched-pairs signed-ranks 
tests revealed that the experimental and 


shock control groups exhibited significantly 
more muscle activity than the tone control 
group (p < .01 in each case). This ac- 
tivity reflected an unconditioned muscle 
response to the shock in the experimental 
and shock control groups- 


DISCUSSION 


Comments on the experimental design. Two 
aspects of the experimental design of the 
present study require some clarification. First, 
the CS-UCS pairings were temporally sepa- 
rated from the test phase in which the CS was 
superimposed on button pressing: The most 
frequently used technique, however, is one in 
which classical conditioning is superimposed 
on the operant task. The latter technique 
was employed by all previous conditioned 
suppression studies using human $5. The 
latter technique was not used in the present 
experiment, however, since it confounds the 


effects of classical conditioning with the effects 


DURING CONDITIONED SUPPRESSION 519 


of punishment. That is, the UCS may adven- 
titiously occur immediately after an operant 
response and consequently suppress behavior. 
This unseparated, Estes-Skinner, or on-the- 
baseline procedure has therefore been criticized 
by a number of researchers (e.g., Zeiner et al., 
1969). 


Second, conditioned suppression experiments . 


do not usually employ independent control 
groups. Typically, Ss are used as their own 
controls and responding in the presence of 
the CS is compared 
absence of the CS. In order to validly use the 
latter design, however, it is necessary to present 
the CS a number of times before conditioning 
to habituate any unconditioned effects of this 
stimulus. This type of design was not used 
in the present experiment, since exposure to 
the CS prior to conditioning markedly attenu- 
ates conditioned suppression (e.g., Domjan 
& Siegel, 1971). Because of this reported 
attenuation and because heart rate changes to 
auditory stimulation have been demonstrated 
in humans (Graham & Clifton, 1966), an 
independent tone-alone control group was used 
in the present study. Possible sensitization 
effects (Notterman, Schoenfeld, & Bersh, 1952) 
were controlled for by the addition of a shock- 
alone control group. In addition, since the 
choice of the control groups was based on 
empirical considerations, a "truly random" 
control procedure (Rescorla, 1967) was not 
included. There is now 
that the truly random procedure may not 
provide an adequate behavioral baseline for 
conditioned suppression experiments, particu- 
larly when few CS-UCS pairings are employed 
as in the present study (e.g. Benedict & 
Ayres, 1972). 
Conditioned suppression. The results of the 
present experiment demonstrate unequivocally 
that conditioned suppression can be reliably 
obtained with human Ss. This conclusion 
does not support the hypothesis that a species 
difference in the probability of obtaining the 
henomenon exists between humans and other 
vertebrate species (Rand et al., 1971; Sachs & 
May, 1969). It is suggested therefore that 
previous failures to reliably obtain conditioned 
suppression in human Ss were due to the use 
of operant methods which were not comparable 
to those used in infrahuman studies or to the 
use of ineffective classical aversive condition- 
ing procedures. Typically, Ss from the ex- 
perimental group in the present study re- 
sponded at à high, stable rate in the absence 
of the CS. Onset of the CS, however, was 


with responding in the . 


s 
D 


abundant evidence — 
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followed by immediate suppression of respond- 

-. ing which continued for the duration of the 

` stimulus and for 1 or 2 sec. following its 
termination. Since the present procedure is 
easily implemented, requires no prior training 
on the part of Ss, and is effective in producing 
precise stimulus control of suppression, it may 
be of importance in the study of Pavlovian 
conditioning processes in humans. 

Physiological correlates. While significant 
muscle tension responses to the shock were 

- obtained in the present experiment, no condi- 
tioning of these responses was observed. Asa 
consequence, there was no evidence of muscle 
tension responses to the CS during testing. 

"This result is inconsistent with the hypothesis 

that conditioned muscle tension responses such 

as "freezing" mediate conditioned suppression 

(see review by Lyon, 1968). 

While there was no evidence of muscle ten- 
sion conditioning, there was conditioning of a 
cardiac acceleratory response to the CS. In 

the experimental group a significant increase 

in heart rate to the CS occurred on Trials 1 

and 2 but not on Trials 3 and 4 during testing. 

The conditioned cardiac acceleration therefore 

extinguished completely during testing. Since 
conditioned suppression occurred on all four 
test trials, these results do not support the 
hypothesis (Zeiner et al., 1969) that autonomic 
respondents mediate suppression. The results 
of the present study are in agreement, how- 
ever, with the view that autonomically medi- 
ated physiological responses resulting from 
classical aversive conditioning are not neces- 
sary for the mediation of somatic response 
change (Di Giusto & King, 1972; Rescorla & 

Solomon, 1967). 

The finding that suppression and cardiac 
acceleration showed differential patterns of 
extinction is of relevance to two hypotheses 
about the theoretical significance of heart rate 
‘changes during aversive conditioning. The 
more recent hypothesis is that heart rate 
changes are linked to skeletal activity such 
that the direction of the changes is a direct 
function of whether the organism increases or 
decreases skeletal activity in anticipation of an 
aversive event (Sutterer & Obrist, 1972), 
Heart rate in this theory is therefore viewed 
as an index of the metabolic demands placed 
on the skeletal system. The results of the 
Present experiment, however, indicate that 
heart rate may not always be closely linked 
with skeletal activity. On Trials 1 and 2 
during testing, Ss who had been instructed to 
remain as still as possible while lying on a 
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markedly decreased opera. 
versely, on Trial 4 when hc 
in the experimental group had 
cantly from Trial 1, there wa- 


significant increase in opera: 


rresponding 
responding, 


While respiration was not mon ed, the avail- 
able evidence suggests that res; -atory events 
during classical conditionin ot influence 
cardiac acceleration significant! Obrist, Sut- 
terer, & Howard, 1972). Ob ind his as. 
sociates have presented convi g evidence 
that heart rate and skeletal activity changes 
are directly related in a variety c perimental 
situations, but their experimer have not 
demonstrated that this relationship is a neces. 
sary one, Additional evidence cardiac ac. - 
celeration during low levels of skelo+al activity, 
independent of the present studs, is supplied — 
by Nathan and Smith (1968) and Sutterer and 
Obrist (1972). 

The second hypothesis, on ww. the data 
from the present experiment has =ne bearing, 
is that cardiac acceleration result: | from avet- 
sive conditioning is an index o emotional 
response widely labeled "fear" ‘anxiety! — 
This hypothesis has its origins in ly formu- 
lations of two-process theory whic’: stated that | 


responses mediated by the a: omic and 
particularly the sympathetic ne: vous system 
(e.g., heart rate) were component- of the fear 
response (e.g, Mowrer, 1947). Since these . 
early formulations, a consideral! body of - 
evidence has indicated that surgically or drug 
induced modifications of the sympathetic nerv- 
ous system do not necessarily lead to changes 
in aversively conditioned responses such as 
passive avoidance (Di Giusto, 1972), active 
avoidance (Di Giusto & King, 1972), and con- 
ditioned suppression (Pappas, Di Cara, & 
Miller, 1972). While aversively conditioned 
sympathetic responses may not be a compo- 
nent of the fear response they may still index 
fear, and this view has wide acceptance in both 
experimental (Germana, 1969) and clinical 
(Wolpe, 1966) circles. In the most recent 
Statement on two-process theory, however, 
Rescorla and Solomon (1967) have argued 
that aversively conditioned instrumental re- 
sponses such as suppression and avoidance - 
are fear motivated and therefore, in turn, are” 
sensitive indices of fear. The results of the 
present experiment suggest that sympathetic 
and instrumental somatic responses cannot 
both be accurate indices of the hypothetical 
fear response since cardiac acceleration extin- 


) 


guished prior = 
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suppression. This result 
follows evidenc: :mmarized by Schneiderman 
(1972), that conditioned cardiac changes and 
suppression in -ahuman Ss are acquired at 
different rates. it is interesting to note that, 
in a review of te relevant behavior therapy 
literature, Mai hews (1971) concluded that 
methods of reducing phobic anxiety such as 
" habituation an unterconditioning, in human 
- $s, generally | o a diminution of autonomic 
responses prior ^» changes in overt behavior. 
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MODALITY EFFECTS IN RE 
MOTOR M 


Two experiments evaluated short- 
different recognition task. Such a 
advantages over production measures of 
immediate recognition task was used to 


term 


different trial, delay condition, and mo 
in visual STMM are produced by activ: 
are produced by delay and not by activi 
type of recognition trial and modality 
Suggesting that modality effects in the S 
entirely to memory decrements. 


Recent years have shown a dramatic in- 
crease in the number of studies investi- 
gating the retention of a discrete positioning 
response. This interest is in great part due 
- to the suggestion (Adams & Dijkstra, 1966) 

that verbal and motor responses in short- 
term motor memory (STMM) reflect the op- 
eration of different mechanisms. Virtually 
all of this research has utilized a production 
measure of recall, with Ss required to re- 
produce a specified distance. In a typical 
experiment, a slide hidden from S's view 
is moved until it strikes a stop that has 
been positioned by the E to define the dis- 
tance to be retained. This Stop is then 
removed and the test trial for which S at- 
tempts to duplicate the distance is admin- 
istered. There are at least two difficulties 
with this common procedure. 

First, it can be argued that .S really does 
- have an accurate internal representation of 
the distance but, due to difficulties in the 


1 These data were 
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recognition measure offers methodologic 


culty. In the second experiment, delays of 0 sec., 2 
filled with paced tapping were used. A complex i 
dality suggests that systematic chang: 
ity, 


COGNITION SHORT- 
EMORY? 


motor memory (STMM) in a san. 


In the first experiment, : 
index of recognition dif 
0 sec. unfilled, and 20 s 

nteraction among type « 


retention. 
validate an 


while changes in kinesthetic STM M 
However, an interaction betwec: 
independent of delay condition 

M paradigm cannot be attribute 


ty 
was 
TM 


production of a motor response, annot ac- 


curately generate the required vement; 
indeed as movement distance : ases, the 
difficulty of generating a mı response 
that is to terminate at a specii: | location 
also increases, even when mc v is not 
involved (Fitts, 1954). Additi...:! support 
for this contention can be deriv ` from the 
finding that movement repro!) (on. with 
a zero delay interval is seldo.: accurate 
(e.g., Kantowitz, 1969; Pos: 1967). 
Many studies that varied de avoided 
this embarrassing outcome by no: including 
à zero delay condition, but in tii- instance, 
discretion is not the better part of valor. 
It is difficult to claim that memory is indeed 


being investigated without know ledge of 
immediate retention scores as a baseline. 
While such baseline data are not always 
collected in studies of verbal memory, those 
studies that have used immediate recall of 
individual items found performance to be 
excellent, which is not the case in STMM. 
Thus, in STMM it is rather difficult to as- 
sess the loss of memory information without 
Some measure of immediate retention, so 
that possible perceptual and motor sources 
of decrement may be evaluated. 

The second difficulty concerns the actual 
movements made by the S. On presenta- 
tion trials, the blind positioning task favors 
a constant velocity movement until „the 
slide is arrested by the stop. On test trials, 
however, a strategy of deceleration as the 


nce is approached is more 
ause the lack of a stop pre- 
ntaneous loss of velocity. 
ired to perform two different 
itation and test trials, and 
therefore w is being tested for retention 
is unclear ;hrick, Fitts, & Schneider, 
1955). Th observed decrement may not 
be due to, so ~, trace decay, but instead to a 
difference | «tween task requirements on 
presentati: ind recall trials. 

These ulties can be minimized by 
substituti ; recognition test of memory 
lor the p tion test used in recall. On 
half of th: t trials, the stop is adjusted so 
that the listance differs from the pre- 
sentation stance, while for the remaining 
half of t:e test trials, the stop is set to 
the prese ation distance. Obviously, the 
amount ^. which the stop is adjusted is a 
crucial ble. Early attempts to scale 
this ad nent in recognition STMM 
used t^. method of constant stimuli 
(Leuba, :909). Kantowitz (1969) had 
little success with the method of limits. 
Another method for scaling task difficulty 


retention d 
appropriate 
vents an | 
Thus, Sis: 
tasks on p 


has bees proposed in a different context 
by Fitts (1954). Given a distance to be 
moved = movement amplitude) and 
a tolerance (W = width of target) for the 


movement, Fitts defined an index of diffi- 
culty (7D) as logs24/W. This measure 
combines features of the Weber fraction 
and the information metric and provides 
an additive index of task difficulty. Hence, 
for any movement distance A, the distance 
W that the stop is adjusted can be deter- 
mined by the JD chosen. The applicability 
of Fitts’ ID to the particular recognition 
task at hand is empirically tested in 
Experiment I. 

One influential model that might apply 
to STMM was originally proposed by 
Broadbent (1958). The core idea of this 
model is that man has a limited capacity 
for rate of information processing, SO that 
when the total amount of information to 
be processed in a given time exceeds this 
channel capacity, some information is re- 
hearsed or stored only at the cost of avail- 
able channel capacity by recirculating the 
information to be retained through the 
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limited capacity channel. Therefore, im- 
position of an interpolated task during 
the retention interval will decrease the 
channel capacity available for rehearsaland — 
thereby lead to a retention loss. However, 
the amount of retention loss predicted by a 
the model can range from none to all, 
depending on the aggregate channel capac- 
ity required by both the interpolated task | 
and the information to be retained. It is E 
not necessary for the actual value of the - 
channel capacity to be known a priori 
Instead, the channel capacity for a partic- 
ular task, e.g., STMM, is empirically de- 
termined as the point at which retention 
decrement begins as task difficulty is 
increased. l 
In terms of variables to be manipulated 
in this series of studies, recognition ZD is 
identified with the memory task and defines 
the load placed on the limited capacity 
channel when no interpolated task is re- 
quired; i.e., so long as available channel - 
capacity equals or exceeds that amount 
necessary for rehearsal of the response am- 
plitude to the tolerance defined by the rec- 
ognition ID, no decrement should be ob- - 
served at the recognition test of retention. 
While the actual processing capacity re- 
quired for a given recognition JD is un- 
known, it is reasonable to assume that - 
processing capacity used varies monoton- | 
ically as recognition ID. 
A comparison of visual and kinesthetic 
STMM codes was made by Posner (1967). 
Posner used a recall paradigm and found 
little forgetting for visual information with 
an unfilled delay interval, while kinesthetic 
information suffered with an unfilled delay. - 
A filed delay interval had no effect on 
retention of kinesthetic information, but. 
did cause a decrement with visual informa- 
These conclusions were based on 


tion. 
absolute error as à dependent variable. 
Pepper and Herman (1970) reanalyzed 


these data using algebraic (signed) error as 
a dependent variable and found effects of 
interpolated activity upon retention of kin- 
esthetic information. Since absolute error 
may bea misleading indicant, especially if 
the only dependent variable (Schutz & 
Roy, 1973), Posner's conclusion that differ- 
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FiGure 1. Mean area under the memory operat- 
ing characteristic (MOC) asa function of recognition 
index of difficulty (ID) for immediate recognition. 
(The kinesthetic modality is indicated by squares 
- and the visual + kinesthetic modality by circles.) 


"1 ent memory codes maintain visual and kin- 
esthetic information would benefit from 

‘converging operations not based upon abso- 
- lute error. The present study uses a rec- 
3 ognition methodology to investigate reten- 
- tion of these two types of STMM. 

Several important differences between 
the conditions under which Fitts' law was 
established and the present usage of 7D 


action with the 

criterion distance set to some percentage of 
the movement amplitude, e.g., an JD of 
four bits corresponds to a criterion distance 
of one-eighth the movement amplitude, an 
empirical test seems the best way to eval- 
uate the utility of Fitts’ ID in an STMM 
context. 


EXPERIMENT I 


This experiment tests the applicability of 
"itts' ID to recognition STMM. A range 
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of ID values is used with an i 
ognition task. If the JD i 
index of recognition task di 
nition performance should deci: 
tonically with increasing ZD 
recognition STMM research 


since prior 
:ntowitz, 


1969, Experiment 1) has sho: superior 
performance in the visual modality, the ID 
ranges, while overlapping, stari with a 
greater JD for the visual modalit: 

The major dependent variable is area 
under the memory operating chayrcteristic 
(MOC) in the same-different ;'gnition 
task. This is a nonparametric index of 
Observer sensitivity (Pollack, C ter, & 
Norman, 1964). An area of . dicates 
chance performance, while bette ecogni- 
tion is indicated by greater areas, with 
1.0 being the limiting value for perfect 
recognition. 

Method 
Subjects, Eight male students at th niversity 


of Wisconsin were paid $1.50 per hour fo: participa- 


tion, None of these students had participated in 
prior STMM experiments, 

Apparatus. The apparatus was identi to that 
used by Kantowitz (1972) and similar that of 
Adams and Dijkstra (1966). A slide and stop were 
mounted on a concealed rod. In the ‘inesthetic 
condition, a large “bib” was placed around S’s neck 


to prevent visual cues such as arm position from 
being used. In the visual condition, the cover that 
obscured the rod was replaced by a cheesecloth 
screen which permitted S to view his hand as well 
as the rod and slide. While movements from the 
starting position to the stop were actively made by 
5, the return from the stop to the initial position 
was hydraulically controlled, with S's arm being 
passively carried. 

Procedure. Each block of trials consisted of 20 
different movement amplitudes (retention distances) 
of 10-29 cm. in 1-cm. steps. These were sampled 
randomly without replacement. Recognition ID 
was varied in .5-bit steps from 3.0 to 4.5 bits in the 
kinesthetic condition and from 4.0 to 5.5 bits in the 
visual condition. Recognition JD was constant for 
each block of 20 trials. Test trials followed presenta- 
tion trials nearly immediately, i.e as soon as E 
adjusted the stop. The stop was adjusted on each 
trial, although half the time, it was replaced at its 
original setting. On each trial, .S responded with a 
same-different judgment and a confidence rating of 
1-4. Each session consisted of five blocks at the 
same recognition 7D. Feedback (hit and false- 
alarm rates) was given after each block. Thus, the 
MOC area for each S was based on 100 trials (50 


CN 


=| 


sentation witl 


same, 25 over, 2: /5 under) at each recognition ID. 
Modality was ? Setween-Ss variable. A 4X4 
Latin square v ised to balance order of ID pre- 

modality. Each S experi- 
sions in the appropriate modal- 


enced two prac 


ity prior to th eriment proper. 
Results 

Results are shown in Figure 1, which 
gives mean . under the MOC as a func- 
tion of reco ion ID for both modalities. 
Mean area reased with increasing ID 
for both m ties. Since recognition was 
nearly imn ite, this decrease primarily 
indicates an ^ncoding/decoding loss rather 
than a memory loss. For the kinesthetic 
condition, = rough extrapolation yields esti- 
mates of ab ut 2.4 bits as the greatest ID 
for which escoding/decoding is without 
error, and bits as the maximum amount 
of kinesthe! ^ information that can success" 
fully be encoded/decoded. Recognition ID 
values fal!i:; outside these two values are 
not suitab!c ‘or studies concerned primarily 
with memo: y. 

In the visual condition, performance at 
the 40-bit recognition ID precludes any 
firm estimate of upper and lower limits for 
encoding /decoding. It is clear that the 
visual system can encode/decode more in- 
formation | when only kinesthetic in- 


formation is available. The rate of decrease 
is slightly greater for the kinesthetic modal- 
ity. However, this slight difference can 
probably be accounted for by additional 
contextual cues present in the visual con- 
dition, Such clues include the position of 
S relative not only to the apparatus but 
also to the walls of the experimental cham- 
ber, slight irregularities in the cheesecloth 
Screen, etc. 


EXPERIMENT II 


Earlier work using production measures 
of STMM has been concerned with effects 
of both delay and interpolated task. Due 
to assorted methodological difficulties that 
have plagued the study of STMM, a concise 
and accurate summary of the effects of 
these variables on retention of kinesthetic 
or visual-plus-kinesthetic information is 
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impossible. For kinesthetic information, 
the modal mythology holds that effects of 
delay are readily demonstrable, while inter- 
ference effects do not exist. For visual- 
plus-kinesthetic information, there is an 
insufficient data base to generate a modal 
mythology. Hence, the present experiment 
concentrated on effects of these variables 
within a recognition paradigm without at- 
tempting to compare these effects with re- 
call measures to any great degree. 

The previous experiment demonstrated 
the appropriateness of using Fitts’ ID to 
scale recognition difficulty. This clears 
the way for investigation of delay and in- 
terference effects in recognition STMM. 
Marshall (1972) used a two-interval forced- 
choice recognition paradigm to study kin- 
esthetic STMM. He found detrimental 
effects of delay, comparable to those found 
in recall, for fairly long intervals (90 sec.). 
However, Marshall’s two-interval tech- 
nique does not appear to be as good a mem- 
ory paradigm as the same-different judg- 
ment used in the present experiments, since 
the additional requirement of maintaining 
the memory trace during and after the first 
test interval both increased the memory 
load and presented an opportunity for at- 
tentional effects during the first interval to 
interact with the memory trace. Further- 
more, the additional return movement to 
S's lap that terminates the first interval 
may cause similarity effects that interact 
with the memory trace (e.g., Craft & Hin- 
richs, 1971). Indeed Marshall's finding 
that movement amplitude interacted with 
test interval is evidence of such methodo- 


logical difficulty. 


The present study also investigates the - 


effect of a paced interpolated task on rec- 
ognition STMM. The interpolated task is 
identical to that used by Kantowitz (1972) 
—a tapping task paced at two taps/sec, in 


which 2.3 bits/sec were transmitted if per- 


formance Was errorless. The Ss were re- 
quired to tap back and forth between two 
2.in. (5.08 cm.) wide targets separated by 
an edge-to-edge distance of 4 in. (.64 cm.). 
Thus, the interpolated movement ampli- 
tude was 21 in. (5.7 cm.) or considerably 
less than the retention movement ampli- 
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-. FiGURE 2. Percent correct recognition responses 
as a function of movement amplitude. (The kines- 
hetic modality is indicated by solid lines and the 

visual 4- kinesthetic modality by dotted lines.) 


tudes that were used. This yielded a tap- 
ping ID of 1.17 bits. Since movements 
were performed at a 2/sec rate, an informa- 
tion transmission rate of 2.3 bits/sec was 
realized if tapping performance was with- 
out error. The tapping task was performed 
with the right hand, as was the STMM 
task. Only one level of interpolated task 

- difficulty was used, since Kantowitz (1969) 
found no effect of difficulty on recognition 
STMM. 


- Method 


Subjects. Forty-eight male right-handed under- 
graduates at Purdue University participated to ful- 
fill course requirements in introductory psychology. 

Apparatus. The apparatus was that of the pre- 
vious experiment. 

Procedure. Half of the Ss were randomly assigned 
to kinesthetic and half to visual + kinesthetic mo- 
dalities, All Ss experienced three delay conditions; 

O-sec. delay, 20-sec, delay with an unfilled delay 
interval, and 20-sec, filled with paced tapping. All 
six orders (3!) were used, with four Ss randomly as- 
signed to each order within each modality. 

Ten movement amplitudes of 16-25 cm, in 1-cm. 
steps were each presented twice in a block of 20 
trials. Each movement amplitude was tested once 
with a same trial and once with a different trial. 
After the recognition test movement, Ss gave a same- 
different judgment and a rating of 1 (very sure) to 3 
(very unsure). Thus, a 6-point rating scale was 
used. On different trials, even movement amplitudes 
(16 cm., 18 cm., etc.) were always set to a distance 
smaller than the presentation distance, while odd 
movement amplitudes were always set to a greater 
listance. This distance was determined by a rec- 
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ognition ID of 4.0 bits for both modalities, The 
order of trials within a block wa mized. The 
session consisted of three block ch MOC area 
for each S in each delay condition ; sed upon 20 
trials. 
Results 

Area under the MOC was .¢28 for the 
kinesthetic modality and .816 ‘he visual 
modality, F (1, 36) = 47. > < .001, 
For the 0-sec. delay, MOC a vas .758; 
for the 20-sec. unfilled intery, 716; and 
for the 20-sec. filled interval 27 a 


36) = 3.16, MS. = .0238, P 15. The 


only significant interaction between 
order and delay condition, F 0, 12008 
2.85, p < .01; however, no « natic ef- 
fects were evident in this inte on, 
Since each movement an ide was 
tested twice, comparisons x n same 
and different trials could b aluated, 


These effects are shown in Fi;; e 2, Ef- 
fects of trial type (same-dij ), ESI 
36) = 7.73, p < .01; interac: between 
trial type and movement amp! ude, F (9, 
324) = 3.14, p < .01, and the © ple inter- | 
action of trial type, amplitude. ud modal- 
ity, F (9, 324) = 2.13, P «€. . were all 
significant, as were effects < :ovement 
amplitude, F (9, 324) = 7.8‘ p < 001, 
and the Modality X Amplitude i teraction, 
F (9, 324) = 3.49, b < .001; none of these 
factors exhibited a significant interaction 
with delay condition. In the visual mo- 
dality, Ss were more accurate o: different 


trials, regardless of the type of different 
trial. However, for the kinesthetic modal- 
ity, type of different trial was of great im- 
portance. Performance was best for dif- 
ferent-over trials and worst for under trials, 
with the same performance being inter- 
mediate. A similar finding, although of 
lesser magnitude, was reported by Mar- 
shall (1972) for the kinesthetic modality. 
The increase in accuracy with increasing 
amplitude shown in Figure 2 was also ob- 
tained by Marshall. 

When only different trials are analyzed 
(Table 1), a fascinating three-way interac- 
tion, Delay Condition X Modality x Type 
of different trial, F (2, 72) — 3.16, BS 
-025, is apparent. For the visual modality, 
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no difference is found between over and 
under trial; when the immediate recogni- 
tion conditon is compared to the 20-sec. 
unfilled interval, while comparison of filled 
and unfill-: delays reveals both an inter- 
action an a significant difference within 
the filled i. :erval, £ (72) = 2.22, 2 < .05. 
For the k:cesthetic modality, an opposite 
pattern of «teraction is obtained : Compar- 
ison of ov’ and under trials between filled 
and unfill: i delays finds no changes con- 
trary to t isual modality, while compari- 
son bety immediate recognition and 
20-sec. ur iled delay finds an interaction 
lacking i . visual modality. Thus, type 
of differen trial is sensitive to changes in 
time for kinesthetic modality but not 
for the ‘al modality, while changes in 
interpolo:-i activity (rest vs. tapping) af- 
fect type. different trial for the visual mo- 
dality bx: uot for the kinesthetic modality. 

A corr sponding analysis for same trials 
found ! - performance for the visual 
modalit; %) than for the kinesthetic 
modality (59%), F (1, 36) = 514 b <05; 
Perform:;"ce was best for immediate rec- 
ognition (5995) and was identical for the 
two 20-se>. delay conditions (61%), F (2, 
72) = 4.8%, p < .05. No other main ef- 
fects or i ictions reached the .10 level of 


significan 

Confidence ratings. Marshall (1972) re- 
ported mean confidence ratings for correct 
and incorrect responses and confirmed the 
prediction of Adams' (1971) closed-loop 
theory that higher confidence ratings should 
arise on correct trials. Within-Ss rating 
data will be briefly presented for com- 
parison purposes. For same trials, no 
difference in mean confidence ratings for 
correct (1.55) and incorrect (1.64) responses 
was obtained, F (1, 6) = 1.58, 2 > -05- 
For different trials, Ss were more confident 
for correct (1.36) than incorrect (1.70) 
responses, F (1, 6) 1194, p < 025. 
These results are only weak support for 
closed-loop theory since the model does not 
distinguish between same and different trial 
types. Indeed, Marshall pooled data over 
trial type so that the present results cannot 

compared with his results. 
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TABLE 1 
MEAN PERCENT CORRECT DIFFERENT RESPONSES 


Delay condition 


Trial type 
0 sec. 20 sec. 20 sec. 
unfilled filled 
Visual 
Over 88.3 82.5 90.0 . 
Under 86.7 85.0 77.5 
Kinesthetic 3 
Over 83.3 15.8 75.8 EN 
Under 36.7 50.0 49.2 AERA 
: 
i 
4 


GENERAL DISCUSSION 


When a molar measure of recognition per- 
formance, area under the MOC, is the depen- | 
dent variable, no effect of interpolated activity 
was obtained for either modality. These re- 
sults agree with those of Kantowitz (1972; 
Experiments I and ID for a recall paradigm. 
These findings reject a limited-capacity model T 
of STMM. These molar findings disagree with — 
those of Posner (1967), since even for visual - 
information no decrement was obtained for the 
filled delay interval. Thus, in terms of gross . 
performance accuracy, there is no evidence for. 
different memory codes for visual and kin- 
esthetic information, suggesting that Posner's - 
(1967) conclusion might be attributed to the 
inadequacies of absolute error as à dependent 


variable. } 
However, à somewhat more detailed exami- 


nation of the present results does support a dis- | 
tinction between kinesthetic and visual mem- - 
ory codes. Nevertheless, this distinction, as ^ 
revealed in Figure 2, may have little if anything - 
to do with the retention of motor information. - 
The curves presented in Figure 2 are pooled | 
over the three retention conditions since all | 
three delay conditions had the same effecti 
Figure 2 suggests that the encoding/decoding © 
of visual or visual + kinesthetic information | 
operates in a framework established by the | 
modality and that an item in STMM cannot - 
be considered in isolation as can an item in 
verbal short-term memory. Rather, a judg- 
ment of same or different depends upon the con- 
text established by the modality of the informa- 
tion. For visual information, it is easier to dis- 
criminate different trials, regardless of the type 
of different trial. For kinesthetic information, 
different-over trials are considerably better dis- 
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minated than different-under trials. Pepper 
and Herman (1970) would term this an under- 
'Shooting set, although in the present data this 
“set” decreases as a function of delay and does 
not change with interpolated activity (Table 
). Hence, the term undershooting set is herein 
sed as a descriptive, rather than an explana- 
ory, concept. Pepper and Herman, using this 
oncept as an explanation, predict that the 
_undershooting tendency should increase over 
time, whereas the present data show an oppo- 
site result. Visual information has a “neutral 
Set," since both types of different trials are 
etected with equal facility. Hence the proces- 
ng of kinesthetic information relies heavily 
‘on the contextual framework, whereas visual 
information does not have so great a limitation. 


formed against the friction of the slide is sim- 
ilar to that provided by an external Hook's 
law spring, both results can be parsimoniously 
explained. The finding of greater recognition 


e needs to be adjusted 
age of the amplitude. 
of different responses 


Visual in- 
delay, but 
from neu- 
Countrariwise, 
for kinesthetic 
d by interpo- 
l sed by delay. 
Thus, while the normal mode (i.e., immediate 


recognition) for visual STMM is a neutral set 
and that for kinesthetic STMM an undershoot- 
- ing set, the processing of both modalities during 
“retention intervals (which are filled for visual 
information and unfilled for kinesthetic) is 
similar in that such processing is reflected by 


changes toward (visual) or away (kinesthetic) 
from undershooting sets. 

Results are consonant with ci 
ory (Adams, 1971) when recall a 
performance are compared. Cl. 
ory predicts identical effects j 
recognition; comparisons of 
with recall findings of Kantow 
effects of delay for both retenti 


i-loop the- 
ecognition 


measures 
and no effects of interpolated t: When 
only the kinesthetic modality is considered, re- 
sults are partially consonant with + trace in- 


teraction model as proposed by 


'epper and 
While the Pep; 


Herman (1970). Herman 
model does not postulate a speci ognition 
mechanism, results shown in I : 2 where 
performance on different trials depends greatly 
on the type of different trial would be predicted 
by Pepper and Herman. If Ss, charac- 
terized by an undershooting set, performance 
should be poorer for different r trials. 
However, while this prediction is entirely sat- 
isfactory for unfilled intervals, | Pepper- 
Herman model would predict ar ered set 
for filled intervals that would cha perform- 
ance on the two types of differen; tals. This 
Predicts an interaction between d y condi- 
tion and type of different trial w! was not 
obtained in Experiment II, ie vertheless, 
it would be premature to concluc at pres- 
ent data support the closed-loop model over 
the trace interaction model. The « d-loop 
model makes only a very genera! prediction 
and fails to distinguish between type of dif- 
ferent trial; Marshall (1972), in a test of the 
closed-loop model, also obtained better rec- 


ognition for over trials but did not « iscuss his 
finding in relation to the model. 
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PRECATEGORICAL SELECTIVE ATTENTION AND Tc: 


SPECIFICITY IN AUDITORY RECOGNITION : 


HAROLD L. HAWKINS,? GERALD B. THOMAS, JOELLE C. PRESSC 
ANDREW COZIC, anb DAVID BROOKMIRE 


University of South Florida 


Two auditory recognition masking experiments were designed as a test of th 
Broadbent-Treisman hypothesis that a mechanism of selective attention 
located prior to the point of contact between acoustic input and memo: 
i. e., prior to stimulus categorization. The Ss were tested under three cond 
tions of test tone-masker laterality: monaural masker presented ipsilateral : 
test tone, monaural masker presented contralateral to test tone, and binaura 
masker. In Experiment I, where masker frequency was unpredictable, mask 
ing effects occurred under all laterality conditions. However, in Experimen 
Il, where masker frequency was predictable, masking effects appeared under 
ipsilateral but not contralateral or binaural conditions. These findings impl; 
(a) the existence of a mechanism of selective attention located prior to the 
categorization of acoustic input, (b) that this mechanism operates subsequen 
to the fusion of binaurally presented information, and (c) that its effectivencs 


input to be inhibited. 


Massaro (1970) has recently described an 
auditory recognition masking procedure 
_ that has proven to be a fruitful source of 
- data concerning the information-processing 
. Sequence leading up to and including audi- 
tory categorization. Under this procedure, 
S is presented with two relatively brief 
tones, usually in close succession, and is 
required to categorize one of these (the 
test tone) as, e.g., “high” or "low" in pitch, 
while disregarding the other (the masker 
tone). Recognition accuracy approaches 

chance levels when the test tone immedi- 
_ ately precedes an ipsilaterally presented 
: masker, and the magnitude of this overall 
masking effect systematically declines with 
increases in the interval between tones 
(ITI), reaching asymptote at about 250 
msec. (Massaro, 1970). Based on these 
and corollary findings, Massaro (1972a) 
. has concluded that accurate auditory cate- 


! Some of the equipment used in this research was 
purchased with funds provided in a National Insti- 
tute of Mental Health grant (MH-18796) to the 
first author. The authors acknowledge support 
provided by the Psychology Department at the 
University of Oregon, where the first author held a 
visiting appointment during the 1973-74 academic 
year. 

* Requests for reprints should be addressed to 
Harold L. Hawkins, Department of Psychology, 
University of South Florida, Tampa, Florida 33620. 


is contingent upon prespecification of the frequency characteristics of t) 


gorization often requires proce» œx beyond 
offset of a brief auditory stim and that 
this requirement is subserv« v a pre- 
categorical acoustic store (| ) which 
maintains an echoic image of stimulus 
for about a quarter of a scc. od beyond 
offset of the external source. ording to. 
this view, the retroactive masi: exerts its 
effect at the PAS, where it con: >~ts, erases, 


and thereby terminates all subse sient proc- 
essing of the test tone residual. 

The results of several preliminary studies 
recently conducted in our laboratory indi- 
cate that ipsilaterally presented auditory 
maskers not only terminate processing of 
the test tone residual at the precategorical 
level, as shown by Massaro (1970), but also 
have a direct, frequency-dependent impact 
at the categorization level itself. On each 
trial, S was presented with one of two pos- 
sible test tones (800 or 850 Hz.) followed 
closely (0- or 250-msec. ITI) by one of two 
possible ipsilateral maskers (775 or 879 
Hz.). The Ss were required to categorize 
the test tone as either high or low in pitch, 
while ignoring the masker. Within this 
context, the 800-Hz. tones, when followed 
by the 775-Hz. masker, and the 850-Hz. 
tones, when followed by the 875-Hz. 
masker, will be referred to as near test 
tones. Conversely, the 800-Hz. tones, 
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TABLE 1 ITIs studied. Under blocked masker con- 
erect RECOGNITION Responses ditions, where masker frequency is known - 


z ALTERNATIVE AS A FUNCTION by S pri tri CAT 
- rior to tri 
R PRESENTATION, MASKER yop to trial onset, recognition errors 


a 


FREQUE AND INTERTRIAL INTERVAL at the O-msec. ITI are also relatively 
(PrLor DATA) higher on the far test tone alternative. à 
T EET However, at the 250-msec. ITI, this error E. 
es A Meanerrors imbalance reverses such that error rate .— 
NE uoce ateachITI — comes to be higher on the near test tone. - 
^ Table 1 shows the error imbalance effects — 
Bio «ed masker conditions we have obtained from two groups of six 
; Ss, one group tested under mixed masker 
0-msec. ITI | conditions and the other under blocked 
iS Hz. aa Aa? 310 masker conditions. 
875 Hz. | 390 164 3 The error patterns shown in the table 
250-msec. I indicate that Ss’ responses in auditory 
715 Hz. 3 AT Bn ; ; : : 
3254 recognition masking are governed not only 
875 Hz. .092 .382 by the frequency characteristics of the test 
tone but by those of the irrelevant masker .. 
ixed masker conditions as wel. Inasmuch as the ITIs used in 
3 L—— ——À——— 7 these studies were less than the time typi- 
ELI 166 684 cally needed to_ complete categorization 
m 3 à A19 under such conditions (Massaro, 1970, 
EM | 03611 .208 1972a, 1972b), the frequency character- 
“15 Hz l^ 243 284 istics of the masker must have exerted their 
.238 influence during, rather than subsequent 
875 Hz. | 3285 169 to, the completion of categorization. In 


pe other words, the tonal information on which 
the categorization decision was based in 
these studies apparently contained compo- 


1 3 r o 
when followed by the 875-He, masken iu nents derived both from the test tone and 


the 850 Hz.-tones, when followed by the ; : 
775-Hz. masker il be referred to se far from the retroactive masker. pone 
z. masker, a retre à 
test tones. The data obtained under these the decline in error imbalance observed 
conditions (see Table 1) revealed a system- across levels of ITI under mixed masker 
atic error BE Loo eflect in which the conditions may be interpreted as MA 
rates of incorrect recognition responses OD 3. nie e thé tus e S TA 
immediate masker trials were consistently of masker a Eitin P igeinqu. 
higher for the far relative to near test tone VAS ILU HUE n Ditton’ of accuse 
- alternative. That is, the 800-Hz. test tone quency, to the accu JE i 
was less accurately ‘categorized when im- information ultimately eu AE 
PENE izati ch trial. e 
medi 7 $ categorization response on each 
y o the Se error imbalance reversal obtained wi 
accurately categorized when immediately blocked masker conditions ee that 
followed by the 775-Hz. masker This when the frequency of the masker to appear 
error Em dent ih, Uns a pli- on a coming trial is predictable, Ss are ot 
cated by the fact that its form is largely to make anticipatory ele in E 
contingent hether or not Sis given recognition process whic wil at least par- 
foreknowledge of leer Gade tially compensate for the detrimental s 
mixed masker conditions, where masker of that masker. An pee a des 
frequency is unk b : S prior to the ment which, in principle, could produce 
Onset of each a pi iu ENT that the the error imbalance pattern obtained under 
i : the blocked masker condition, consists of 


inferiority of performance on the far test the | E s 
tone is preserved across the entire range of biasing the categorization process In such 
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- a way that it favors the far test tone 
alternative. Such an adjustment would 
produce not only the reductions in error 
imbalance observed at the 0-msec. ITI 
under blocked relative to mixed masker 
conditions, but also the reversal in error 
imbalance obtained under the blocked 
masker condition at the 250-msec. ITI, 
where the masker effect for which the 
adjustment is designed to compensate is 
approaching zero. 

The question of principal concern in the 
two experiments reported here relates to 
whether or not masking effects (error im- 
balance as well as changes in overall error 
rate across levels of ITI) will appear under 
conditions where test tone and retroactive 
masker are presented through separate 
sensory channels. Researchers holding the 
view that a mechanism of selective atten- 
tion operates prior to the categorization of 
auditory inputs seem committed to the 
prediction that the effects of a separately 
channeled immediate masker will be non- 
existent (e.g., Broadbent, 1958), or at least 
lower in magnitude than those produced 
by a masker that follows the test tone 
through the same sensory channel (e.g., 
_ Morton, Crowder, & Prussin, 1971; Treis- 
. man, 1964). However, if the mechanism 

of selective attention is located subsequent 
~ to the contact between sensory information 
-~ and memory, i.e., subsequent to categoriza- 
_ tion (as suggested by, e.g., Deutsch & 
Deutsch, 1963; Keele, 1973; Massaro, 
1972a; Norman, 1968), then maskers pre- 
sented through an acoustic channel which 
differs from that of the test tone should 
yield masking effects equivalent to those 
obtained when test tone and masker share 
the same acoustic channel. 


EXPERIMENT I 


In Experiment I, auditory recognition 
masking was studied under three test tone— 
masker laterality conditions. Under the 
ipsilateral condition, test tone and masker 
were channeled monaurally to the same 
ear. Under the contralateral condition, 
the two tones were monaurally channeled 
to the opposite ears, and under the binaural 
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» [A Marne aW Em oua. "A 
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condition, the monaural 
followed by a binaural n 
knowledge of masker f 
vided under any of the thre 

Following Morton et al. 


t tone was 
No fore. 
Y Was pro- 
ditions, 
1), we as. 


sume that the precategoric:i icoustic in- 
formation-processing sequence can be par- 
titioned into two subsequenc-:—a periph- 
eral component located prior :o the fusion 
of information from the two ars (under 
conditions of binaural input), ind a more 
central component located su sequent to 
fusion. We further assume i^t the more 
peripheral component entails ‘wo separate 


sensory channels, left and 
activation is contingent up 
of the left or right ear, resp» 
simplicity, we also assume t 
central component consists « 
rate channels—left, right, an- 
in balanced binaural stimul 
reader is referred to Moi 
further elaboration of the : 
channeling concepts. 

If a mechanism of selectis 
located prior to the contact 
acoustic information and m 
this mechanism is capable « 
wise attenuation of irrelevar: 
put, then the magnitude 
masking should be less und 1 
lateral relative to the ipsilaterai condition. | 
More specifically, if the selectivity mecha- 
nism is located prior to the fusion of inputs | 
from the two ears, the maskin effects ob- i 
served under ipsilateral and binaural mask- 
ing conditions should be of approximately | 
the same order of magnitude, and the mag- 
nitude of both should exceed those obtained 
under the contralateral condition. That is, 
given two channels, left and right, the se- 
lectivity mechanism should be able to in- 
hibit the contralateral but not the ipsi- 
lateral component of the binaural masker. 
Conversely, if the selectivity mechanism 
were located subsequent to the fusion of 
input from the two ears, such that it could 
Operate on the central channel subserving 
balanced binaural input, then it might 
reasonably be expected to inhibit input 
processed through this theoretically dis- 
tinct channel, just as it inhibits input 


ht, whose 
timulation 
vely. For 
t the more 
hree sepa- | 
entral (as 
ion). The 
et al, for 
mentioned 


:ttention is 
int between 
ry, and if 
he channel- 
nasker) in- 
retroactive 
the contra- 


hey 


processed through the contralateral chan- 


nel Hence, masking effects should appear 
under ipsilateral but not under contra- 
lateral or 5:: aural conditions. 

Method 

Subjects. “our men and two women participated 
as Ss in Experiment I. All were either under- 
graduate or graduate students in the Department of 
Psychology at the University of South Florida and 
none excee 27 yr. of age. 

Procedu The Ss were tested individually in a 
sound cha c (Industrial Acoustics) which con- 
tained isola: -J S and E compartments. 

On each ‘rial (including 80 initial practice trials), 
S was pr ied one of two equiprobable 80-db. 
SPL sinu i test tones, 800 or 850 Hz., and was 
required (c identify the tone as either low or high 
in pitch. The duration of the test tones was 20 msec. 

Each tria! was initiated by the illumination of a 


warning li;h: located on S's response panel and oc- 
curring 1.5 sec. prior to test tone onset. The S 
responded ty pressing one of two push buttons, one 
labeled ^v and the other High. Feedback at the 


conclusic cach trial was provided through the 
illuminat of one of two lights on the response 
panel, on »eled Correct and the other Incorrect. 

Each « six Ss was tested for a total of six 
360-trial ex mental sessions. During each trial, 
the monaurally presented test tone was followed 
either immediately (0-msec. ITI), or with a short 


delay (250-msec. ITI), by a 500-msec. sinusoidal 
masker tone either 750 or 900 Hz, in frequency. 
The masker was presented to either the same ear 
as the test tone (ipsilateral condition), the opposite 
ear (contralateral condition), oF both ears (binaural 
condition). Under ipsilateral and contralateral con- 
ditions, the masker was calibrated at 80-db. SPL, 
and under the binaural condition, at 80-db. SPL at 
each ear. A total of six laterality combinations 
were used: test tone left-masker left (L-L); test 
tone right-masker right (R-R); test tone left- 
masker right (L-R); test tone right-masker left 
(R-L); test tone left-masker right, left (L-LR); 
and test tone right-masker right, left (R-LR). 
During three of the six experimental sessions, Ss 
were tested on L-L, L-R, and L-LR, and on the 
remaining three sessions, on R-R, R-L, and R-LR. 
Thus, while each session contained instances of all 
three laterality conditions, the channel of test tone 
input remained constant within sessions. The order 
of laterality conditions within sessions was counter- 
balanced both within and across Ss- : 
Prior to each session, the test tone alternatives 
were randomly presented in the absence of a masker 
until a criterion of 10 successive correct recognitions 
was reached. a 
The test tones were generated by a Precision 
audio oscillator (Model E-310), and the masking 
tones by a Wavetek voltage-controlled oscillator 
(Model 134). The frequency of both was monitored 
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TABLE 2 


PROPORTION INCORRECT RECOGNITION RESPONSES 
UNDER EACH MODE or MASKER PRESENTATION 
As A FUNCTION or TEsT TONE FREQUENCY, 
MASKER FREQUENCY, AND 
INTERTRIAL INTERVAL: 

EXPERIMENT I 


A rds Mean errors 
Masker frequency 
300 Hz, | sso Hz. | Atsach | Arias 
Ipsilateral mode 
0-msec. ITI 
750 Hz. .228 572 428 319 
900 Hz. .660 .250 
250-msec. ITI 
750 Hz. .230 432 318 
900 Hz. 1995 :215 


Contralateral mode 


0-msec. ITI 
750 Hz. .205 .523 .382 B1 
900 Hz. .568 .232 
250-msec. ITI 
750 Hz. 170 .292 252 
900 Hz. .350 .198 
Binaural mode 5 
- . ITI 
7 750 Hz. .300 .493 A5 .346 
900 Hz. .610 .258 
250-msec. ITI 
730 Hz. 185 363 
900 Hz. .338 3223 277 


by a Hewlett-Packard electronic counter (Model. 
5331B) and channeled to S via Zenith headphones 
(Model TDH-39) All intervals were controlled 
by Hunter decade timers (Model 111-C), and all 
channeling was mediated by high-quality Clare 
audio switching relays (Model 36 E.C.) which served 
to minimize switching transients. 


Results and. Discussion 


Table 2 gives the mean proportion in- 
correct recognition responses for each test 
tone alternative as a function of masket 
frequency, ITI, and laterality conditior 
(the ipsilateral values represent a pooling 
of L-L and R-R; the contralateral values 
a pooling of L-R and R-L; and the bi 
naural values, a pooling of L-LR an 
R-LR). 
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Experiment I Experiment II 
df 
xd MS, F MS, PO 

UIT "ISIs mls 
ITO). eee t 3 006 87,83*** 001 112,65 
Masker frequency (D) ep i ns 243 RR nd 

B ; A A a : " 
"t (2, 10) .004 58 -001 10.58** 
AD (2, 10) :003 160 006 3.12 
BC 1, 5) -030 17 .010 29 
BD (1; 5) 321 6.54* 007 | (06; 
CD (1, 5) .004 2.58 .003 1.55 
ABC (2, 10) .008 1.34 .004 16 
ABD (2, 10) .007 2.45 -003 1.66 
ACD (2, 10) .006 .92 002 2 
BCD (1, 5) -028 8.88** .007 55.74*** 
ABCD (2, 10) 007 59 -002 57.11*** 


an analysis 
frequency, 
masker frequency, ITI, and laterality con- 
as within-Ss Variables, 


main effect of laterality 
to the Marginally sig- 


to contralateral condition, the magnitu 
of overall retroactive masking (as defin 
by the extent to which accuracy declin 
with decreasing ITI) remained essentia 
unchanged across laterality conditions, 
In sum, the results of Experiment I 
veal that 


little or no diminution in the Magnitude . 
either the Overall masking or the erro; 
typically Observed i; 
auditory recognition masking, These re- 
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ES 
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e. 
Er 


$——e6 ran rest tone 
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PROPORTION INCORRECT ne. 
è 


FIGURE 1, Proportion 
Sponses at each ITI asa function of the frequency 


Hz. test tone was 

The far test tone 
data are averages across 800 Hz.-test tone-900-Hz. 
masker, and 850-Hz, test tone-750-Hz, masker 
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sults must be interpreted as indicating 
either that a mechanism of selective atten- 
tion does not exist prior to the categoriza- 
tion of brief auditory inputs, or that, if 
such a mechanism exists, it is essentially 
nonfunctional when masker frequency is 
not prespecified. Experiment II was de- 
signed to comparatively evaluate these two 
possible interpretations. 


EXPERIMENT II 


The procedure used in Experiment l 
was identical to that used in Experiment I 
with the exception that Ss were fully ap- 
prised of masker frequency prior to the 
onset of each recognition masking trial. 


TABLE 4 


PROPORTION INCORRECT RECOGNITION RESPONSES 
UNDER EAcH MODE OF MASKER PRESENTATION 
AS A FUNCTION Or TEST TONE FREQUENCY, 
MASKER FREQUENCY, AND INTERTRIAL 
INTERVAL: EXPERIMENT II 


pee Mean errors 
Masker frequency 
800 Hz. | 850 Hz, | Attah | Actoss 
Ipsilateral mode 
0-msec. ITI 
750 Hz. 293 430 318 
900 Hz. 385 .162 213 
250-msec. ITI 
750 Hz. 405 110 .228 
900 Hz. .085 313 
Contralateral mode 
0- M ITI 
750 Ha. 110 .132 3121 104 
900 Hz. 1192 .088 
250-msec. ITI 
750 Hz. .107 .055 088 
900 Hz. .080 .108 
Binaural mode 
0-msec. ITI 
750 Hz. ATS 183 164 
900 Hz. 187 113 1.32 
250- Hyni 
750 Hz. ! 135 .068 .100 
900 Hz. .064 .133 
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IPSILATERAL CONTRALATERAL BINAURAL 


PROPORTION INCORRECT RESPONSES 


o 20 o 
INTERTONE INTERVAL (Msec.) 


250 0 


Ficure 2. Proportion incorrect recognition re- ~ 
sponses at each ITI as a function of the frequency 
relationship between test tone and masker. (The - 
near test tone data are averages taken across trials 
where the 800-Hz. test tone was followed by the 
750-Hz. masker and the 850-Hz. test tone was 
followed by the 900-Hz. masker. The far test tone 
data are averages across 800-Hz. test tone-900-Hz. — - 
masker, and 850-Hz. test tone-750-Hz. masker - 
trials—Experiment II.) 


Method 


Subjects. Six undergraduate men at the Uni- 
versity of South Florida served as 5s. None ex- 
ceeded 25 yr. of age. 

Procedure, The procedure differed from that of 
Experiment I in that masker frequency was pre- 
sented in blocked rather than mixed fashion. 
Within each laterality condition during each experi- 
mental session, Ss received 60 blocked trials con- 
taining the 750-Hz. masker and 60 containing the 
900 Hz. masker. The order of masker frequency 
blocks was counterbalanced within Ss across later- 
ality conditions and across sessions. 


Results 


Table 4 gives the mean proportion in- 
correct recognition responses for each test 
tone alternative as a function of masker 
frequency, ITI, and laterality condition. 

These data were subjected to a four- 
factor repeated measurements analysis of 
variance, the results of which are sum- 
marized in the right-hand Columns of Table ` 
3. Fisher’s LSD test revealed that the 
laterality main effect was produced by the 
superiority of recognition performance un- 
der the contralateral and binaural condi- 
tions relative to the ipsilateral condition 
(LSD = .0521, p = .05). The Laterality 
Condition X ITI interaction reflects the 
fact that recognition accuracy declined ` 
with decreasing ITI under the ipsilateral - 
but not under the contralateral and bin- | 
aural conditions. Thus, overall retroactive 
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masking effects appeared in this experi- 
ment only when test tone and masker 
shared the same input channel. The 

second-order interaction among test tone 

frequency, masker frequency, and ITI, 
considered in light of the third-order inter- 
action among these three variables along 
with laterality condition, reflects the fact 
that error imbalance effects were obtained 
under the ipsilateral but not under the 
contralateral and binaural conditions (see 

- Figure 2), Thus, no masking effects what- 

-. soever appeared under either contralateral 

or binaural conditions. This second-order 

"interaction among test tone frequency, 

masker frequency, and ITI, which also 

ppeared in our pilot data under blocked 


TABLE 5 
— ANALYSIS OF VARIANCE SUMMARY FOR DATA FROM 


[ EXPERIMENTS I AND ĮI COMBINED 
$ 
r Source df MS. F 
Between Ss 
— Mode of masker pre- 
o... sentation (A) (1,10) | .172 | 12.92*** 
— Within Ss 
= Laterality (B) (2,20) | .009 | 34.55*** 
AB E o 11.04*** 
"Test tone frequency 
(C) (1, 10) | .004 7.34" 
AC = — .26 
ITI (D) (1, 10) | .004 | 165.07*** 
AD Sas! ES 18.61*** 
Masker frequency 
(E) (1, 10) | .007 .02 
xs Sy 6.98** 
(2, 20) | .004 8 
= a 54 
(2, 20) | .003 1.14 
a Ax 3.46 
(2, 20) | .005 3.42 
rot Ez 1.114 
(1, 10) | .020 1.05 
= = 22 
(1, 10) | .164 5.48* 
Tz E 1.39** 
(1, 10) | .004 18 
= EL 4.12 
(2, 20) | .006 1.33 
EX a= 1 
(2, 20) | .005 18 
Ed s 3.66 
(2, 20) | .004 49 
En = .99 
(1, 10) | .017 | 3626*** 
€ = 49 
(2, 20) | .004 |. 16.04*** 
x YE 12.31*** 
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masker conditions, resulted from the fact 
that at the 0-msec. ITI, recognition ac- 
curacy was higher on the near relative to 
the far test tone, whereas at the 250-msec. 
ITI, the reverse was true. 

A direct comparison of the data from 
Experiments I and II was provided by a 
mixed-model analysis of variance in which 
mode of masker presentation (mixed vs. 
blocked) was treated as a between-Ss vari- 
able and test tone frequency, masker fre- 
quency, and ITI were treated as within-S: 
variables. The results of this analysis a: 
summarized in Table 5. 

Several of the significant sources 
variance in this analysis are deserving 0! 
comment. First, the main effect of mou 
of masker presentation reflects the ove: 
all superiority of performance under th: 
blocked relative to the mixed mode c! 
masker presentation. This relation, it 
should be noted, held not only under con- 
tralateral and binaural conditions but also 
under the ipsilateral condition. The later- 
ality main effect, considered in light of th« 
interaction between laterality condition an 
mode of masker presentation, indicates th: 
while overall laterality effects (ave 
across ITI) occurred across both expe: 
ments, the magnitude of these effects wa 
substantially greater in Experiment |! 
The Mode of Masker Presentation X 11 
interaction reveals that the overall decli: 
in performance associated with decreasin: 
ITI was more marked in Experiment | 
than in Experiment II. This interaction 
reflects two relations: First, overall mask- 
ing effects appeared only under the ipsi- 
lateral condition in Experiment Il, but 
were present under all laterality conditions 
in Experiment I ; and second, overall m 
ing effects, even under the ipsilateral con- 
dition, were less in Experiment II than in 
Experiment I. As in our pilot data, this 
latter relationship resulted from an attenu- 
ation of overall masking effects under 
blocked masker conditions, which was pro- 
duced by the increase, across levels of ITI, 
in error rate on the near test tone. 

The Mode of Masker Presentation X 
Test Tone Frequency X Masker Frequency 
interaction indexes the fact that test tone 


| um P 


PRECATEGORICAL SELECTIVE ATTENTION IN TONAL RECOGNITION 


and masker frequency interacted in Ex- 
periment I but not in Experiment II. 
These two variables did not show an inter- 
action in Experiment II because (a) masker 
frequency had no effects whatsoever under 
contralateral and binaural conditions, and 
(b) although the two variables interacted 
at each ITI level under the ipsilateral con- 
dition of Experiment II, these simple inter- 
action effects were effectively cancelled out 
by the reversal of error imbalance across 
ITI. Finally, considered together, the 
interactions among (a) test tone frequency, 
masker frequency, and ITI; (b) these three 
variables along with laterality condition, 
and (c) all five experimental variables, re- 
veal that interval-dependent error imbal- 
ance effects occurred in a consistent manner 
across laterality conditions in Experiment 
I, but only under the ipsilateral condition 
in Experiment II. 


Discussion 


Overall recognition performance was better 
in Experiment II relative to Experiment I, 
not only under contralateral and binaural con- 
ditions but also under the ipsilateral condition. 
This latter difference, which was expected from 
the pilot data reported earlier, is interpreted 
as a result of the fact that when foreknowledge 
of masker frequency is given (Experiment In, 
Ss are able to adjust (bias) the recognition 
process so as to at least partially compensate 
for the detrimental effects of the masker that 
follows. More critical than this, however, was 
the finding that the separate channeling of test 
tone and masker produces a marked reduction 
in the magnitude of both overall masking and 
masker-dependent error imbalance effects when 
masker frequency is prespecified (Experiment 
ID, but not when masker frequency i15 un- 
prespecified (Experiment I). This finding 
indicates that a mechanism of selective atten- 
tion does function during the auditory infor- 
mation-processing sequence preceding cate- 
gorization, but that this mechanism is effective 
only to the extent that it can be pretuned to 
the precise frequency of the acoustic stimulus 
to be inhibited. Inasmuch as recognition 
masking effects were not obtained under the 
binaural conditions in Experiment II, we con- 
clude that the selectivity mechanism is located 
to the central side of the fusion of input from 


the two ears. Thus, the mechanism is not a 
feature of the peripheral sensory (receptor) 
system. 

All previously published data (e.g., Broad- 
bent, 1958; Treisman, 1964) purporting to 
demonstrate the existence of a precategorically 
located mechanism of selective attention can 
be shown to be equivocal, As pointed out by, 
eg., Massaro (1972a) and Keele (1973), these 
data can, and in many cases, clearly should, 
be interpreted as reflecting postcategorical as 
opposed to precategorical selectivity. The 
most salient argument on this issue was ex- 


pressed by Massaro, who noted that the vari- - 


ous paradigms from which the precategorical 
mechanism of selectivity were postulated, i.e., 
dichotic listening, shadowing, and stimulus 
suffix, contain no satisfactory basis for clearly 
and unequivocally differentiating between se- 
lectivity effects occurring after as opposed to 
prior to categorization (Massaro, 1972a). The 
present data are not subject to this objection. 
From Massaro's (1970, 1972b) findings, and 
from the results of the pilot data described 
earlier here, it is known that 200-400 msec. 
are required to categorize the pitch of a 
briefly exposed sinusoidal tone presented under 
auditory recognition masking conditions. From 
these studies, it is known that an ipsilateral 
retroactive masker presented prior to the 
completion of the categorization process pro- 
duces marked increases in overall masking and 
in error imbalance effects. Moreover, the 
magnitude, direction, and interval-dependence 
of these effects make it clear that the frequency 
characteristics of the ipsilateral masker syste- 
matically contribute to the aggregate of acous- 
tic information constituting the basis for cate- 
gorization. Thus, the finding in Experiment 
II that a contralateral or binaural masker 
produces little or no masking effects strongly 
implies that selectivity can occur prior to 
auditory categorization, i.e., prior to the point 
of contact between acoustic information and 
memory. 

Finally, it must be stressed that the present. 
results do not obviate the need for some mech- 
anism of selectivity located at the postcate- 
gorical level. The evidence in support of such 
a mechanism seems clear (see Keele, 1973). 
Rather, our results should be viewed as show- 
ing that auditory selectivity occurs not only 
at the postcategorical level but, given the 


appropriate conditions, can also occur at the 


precategorical level. 
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COMPLEX VISUAL DISCRIMINATIONS IN CULTURAL 
FAMILIAL RETARDATES AND NORMAL CHILDREN" 


WAYNE P. SILVERMAN ? 
New York State Institute for Research in Mental Retardation 


An experiment was conducted in order to examine the information 
processing in a visual matching task 
retardates and normal children, using digit sequences of varying complexity 
(RTs) of normal adult Ss making same 
fit into a single-process selí-terminating feature testing 
model, while those for different judgments do. This study found that: (a) 
- the same-different relationship was the same for second, fifth, and eighth 
graders as well as the retardates, with same judgment RTs deviating from 
predictions of a self-terminating model ; 
function of Ss’ mental age; and (c) differences in reaction times between 
groups were due primarily to "intercept" rather than "slope" effects, however, 
evidence of a possible slope difference was found between the eighth graders 


as the stimuli. Reaction times 


judgments do not 


and the other groups. 


Evidence implying the inadequacy of any 
of the one-process feature testing models to 
account for the data in simple visual match- 
ing tasks in normal adults is plentiful (cf. 
Nickerson, 1972). To summarize the results 
of many studies, (eg., Bamber, 1969; Grill, 
1971; Hawkins, 1969; Snodgrass, 1972), the 
reaction time (RT) data collected when Ss 
responded to a difference between pairs of 
stimuli fit into a self-terminating feature test- 
ing model, while responses to an “identical” 
stimulus pair seemed to fall into a template 
matching process (Neisser, 1967). The 
strongest reason for this incompatibility lies 
in the widespread finding that mean same 
RT is less than mean different RT (when 
one dimension differs), even though the same 
decision requires exhaustive processing, 
while the different response can be initiated 
before all stimulus features are fully pro- 
cessed. 

Tn order to account for this type of data, 
Bamber (1969) proposed a two-process 
ee 

1] wish to thank Sister Marie Evelyn Symons, 
principal of Holy Rosary School Staten Island, and 
Reverend John J, Farley, ‘Associate Superintendent, 
Archdiocese of New York, for providing normal Ss 


for this investigation. 

2 Requests for reprints should be sent to Wayne 
P. Silverman, Department of Psychology, New 
York State Institute for Research in Mental Re- 
tardation, 1050 Forest Hill Road, Staten Island, 


New York 10314. 


in populations of cultural familial 


(b) overall reaction time was à 


model containing a self-terminating feature 
analyzer to account for the mean different 
RT data and a separate "identity reporter," 
which performed a template matching func- 
tion, to account for the mean sane RT data. 
Bamber's notion of a separate identity re- 
porter has not been easily accepted, but be- 
cause attempts to explain away the finding 
by reference to artifacts have proven unsuc- 
cessful to date (cf. Nickerson, 1972), some 
two-process system, whether Bamber’s or 
another, seems responsible for this finding. 
Silverman (1973) modified Bamber’s 
(1969) model and postulated that the “iden- 
tity reporter function” (IDF) represented a 
by-product of information processing at an 
early stage of processing. Briefly, the model 
proposed that as information enters the pro- 
cessing system, it must be held available 
within the input mechanism for a brief period 
in order to keep track of what information 
has already been input and to avoid repeat- 
edly entering the same stimulus information. 
If all features of one member of the stimulus 
pair can be held in this early storage and 
botli pair members are identical, the input 
mechanism can signal that the second item. 
contains no new relevant information. A 
same response can then be initiated. If the 
features of the first stimulus pair member 
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E 
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cannot be held entirely in this early storage ‘ 


until the second pair member is input or 
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some information from the first pair member 
is lost, the information contained in both 
“members cannot be compared at this level, 
_and further processing is necessary in order 
to select an appropriate response. This theo- 
retical model implies: (a) the IDF functions 
in an "all or none" manner; (b) the IDF 
functions in a probabilistic fashion, the prob- 
ability of its successfully matching two stim- 
uli being determined by the probability that 
there is no stimulus information loss from 
the hypothesized elementary storage; and 
(c) the IDF should have a limited capacity 
n terms of stimulus complexity above which 
_ RT data from both same and different judg- 
— ments conform to a self-terminating model. 
Silverman (1973) measured the IDF's 
capacity in a population of college students 
quantitatively by using pairs of digit se- 
quences of varying length as stimuli, and 
found that this capacity was limited to ap- 
roximately five digits. (When two five- 
igit numbers were compared, same RT was 
less than different RT (with one dimension 
- different), but when two six-digit numbers 
‘were matched, different RT was less than 
ame RT.) 
The present study attempted to investigate 
he IDF in populations at varying develop- 
ental levels. Because the IDF was postu- 
lated as a limited capacity system, it seemed 
reasonable to assume, as a working hypothe- 
S, that its capacity would increase as fa- 
miliarity with the stimulus materials in- 
creased, Pairs of digit sequences were used 
as stimuli, and children from second, fifth, 
and eighth grades formed three S groups. 
Two digit sequence lengths were utilized ; 
pairs of two-digit numbers were used in 


d €. By analyz- 
ng data from the Present study, ae 


RTs can be compared to normal performance 
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on three indices: (a) the functioning of the 
IDF, (b) the rate at which digit sequence 
pairs are processed, and (c) the time neces- 
sary to make a single digit comparison. (The | 


last two alternatives correspond to Stern- 3 


berg's 1969 notions of “slope” and “inter- 
cept" effects.) Further, by comparing the 
retardate data to the results from the normal 
groups, the retardate's performance can be 
placed along a developmental continuum. 


METHOD 


Subjects. Twelve cultural familial retardates, 
6 males and 6 females, residing at the Willowbrook 
State School composed the retardate group. (Cul- 
tural familial retardates are defined as having a 
deficit due to “unknown etiology, presumably asso- 
ciated with a family history of borderline in- 
telligence or mild retardation and home en- 
vironment which was either depriving or was in- 
consistent with the general culture [Grossman, 
1973, p. 130].") The average CA of this group 
was 18.4 yr. (SD — 2.54), with mean IQ of 63.1 
(SD — 9.86), yielding an average MA of 10.2 yr. 
(SD —1.65). The second-grade group consisted 
of 4 males and 4 females with an average age of 
7.7 yr. (SD — 28), the fifth-grade group had 5 
males and 6 females, with a mean age of 11.0 yr. 
(SD — 27), and the eighth-grade group contained 
6 males and 6 females with a mean age of 13.9 yr. 
(SD = 37), The average IQs of the normal groups 
were assumed to be 100, as no data were available 
for these Ss, All normal Ss were randomly selected. 

All retardates were tested for visual acuity after 
the experimental session on a Bausch and Lomb 
Ortho-rater. Eleven Ss had 20/30 vision or better 
in both eyes, but 1 S had extremely poor vision in 
one eye and 20/40 vision in the other eye? Normal 
Ss were simply asked if they had difficulty in seeing 
the stimuli when the experimental session was com- 
pleted, and school records were checked for any 
visual problems; in all these cases, vision appeared 
normal. 

Stimuli. Pairs of random digit strings presented 
one above the other functioned as the stimuli; only 
the digits 0, 1, 2, 3 were used. Strings contained 
either two or five digits, which were typed and 
then photographed, and the negatives were used as 
the stimuli. They were seen as bright numbers on 
a dark background when projected; each digit was 
viewed as 23 cm. high. For each stimulus pair 
length, half the stimuli were same and the re- 
mainder differed, this difference varying over all 
possible degrees (in percentages) of difference. 
The Length 2 stimuli had either one or two posi- 
tions differing while the Length 5 stimuli could 
differ in up to five positions. The different stimuli 
I UR IMMER. 

*As he reported no difficulty in seeing the ex- 
perimental slides, and his data were within the 
retardate range, this S was not replaced, 
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were divided equally between the various levels of 
difference, and within equal levels, all possible com- 
nations of difference positions were used. Ten 
examples of each difference level were used, yield- 
ug a total of 70 different slides, which were 
snatched with 70 same slides. 

Slides were randomly ordered within blocks of 
28. Each block contained two examples of each 
difference level for the two lengths, and a corre- 
sponding number of same pairings. The blocks 
were then combined and viewed in a forward order 
by half of the Ss and in reverse order by the re- 
mainder in order to minimize any random order 
effect. 

Apparatus. The apparatus consisted of two 
ak Ectographic projectors, each fitted with a 
fayette (Model 43011) shutter mechanism. One 

ector controlled a warning stimulus, while the 
r - presented the test stimulus. Stimuli were 
car-projected on a frosted glass screen with their 
tions controlled by a Lafayette (1451A) eight- 
k timer. 

S viewed the stimuli, while seated at a table, 
in a distance of approximately 60 cm. On the 
iie were two response keys, one for each index 
>r, mounted 11.3 cm. apart. The depression of 

- of these keys triggered a Hewlett-Packard 
1.-5050A.) counter-recorder combination which 
ed S’s RT (to the nearest millisecond) and 
response. 

Procedure. All Ss participated in one experi- 
mental session lasting approximately 25 min., dur- 
ing which all stimuli were presented. A Donder’s 
Type b task was used in order to compare mean 
sume and different RTs within each S (Sternberg, 
1969). One half of the Ss responded same with 
the left key and different with the right key, while 
the remainder had the response key assignments 
reversed.* 

The Ss were seated in a darkened room and in- 
structions describing the exact nature of the pro- 
cedure were given; both speed and accuracy were 
stressed. A stimulus trial consisted of: (a) the 
projection of a red dot (the warning stimulus) 
for 1 sec. onto the screen at the center of where 
the test stimulus was to appear; (b) the simul- 
taneous offset of the warning stimulus and projec- 
tion of the test stimulus, which remained illumi- 
nated until S responded by pushing one of the 
response buttons; and (c) the offset of the test 
stimulus and feedback, consisting of information 
relating to the correctness of response. The Ss 
were asked after every 30 trials if they were re- 
sponding as fast as they could, to further stress that 


Before they were given the test trials, Ss were 
given practice on 20 slides consisting of arrows 
pointing to either the right or the left, with in- 
structions to push the button to which the arrow 


Spi) \ hs ee 

4The data of one fifth-grade male S were lost 
and could not be replaced. Therefore, this counter- 
balancing was not complete. 


pointed. This allowed S to become familiar with 
the pace of the experimental trials, his surround- 
ings, and the required motor response. Additional 
practice was given on 20 trials with stimuli similar 
to the actual test stimuli. 

One additional manipulation was employed. In 
order to stimulate the retardates’ motivation, they 
were paid for participation in this study. The 
amount of reward was contingent upon both speed 
and accuracy, and this was made clear to S before 
the practice slides were presented. The normal 
controls were not paid for their participation, as it 
was impossible to equalize any material payment in 
terms of subjective value for the various control 
groups. As it was probable that the institution- 
alized retardates would normally have a lower 
motivation for performance than normal children, 
this uncontrolled payment was not thought inap- 
propriate. However, as any unbalanced influence 
of this payoff would manifest itself as a change in 
both RT and error rate, its influence on results 
could be analyzed. 


RESULTS 


- Reaction time, The RT data are sum- 
marized in Table 1; all values were calcu- 
lated by taking the mean of the individual's 
median RTs. The data were analyzed in 
three parts: (a) the Length 2 stimuli, (b) 
the Length 5 different stimuli, and (c) the 
same and one-item different stimuli for the 
Length 5 stimuli. The analyses of variance 
were done using the method of unweighted 
means (Winer, 1962). 

For the Length 2 stimuli, mean same RT 
was faster than mean different RT, F (t, 
57) = 994, p < 01, but the response laten- 
cies when one or two items differed within 
a pair were not significantly different, Fa OK 
57) 2114, p> 1. The main effect for 
groups was significant, F (3, 31) = 47.60, 
p< 01, with all groups differing signifi- 
cantly except for the fifth-grade and retar- 
date pair, F (1, 31) = 244, p > .1. These 
relationships are illustrated in Figure 1. 
There was no significant Group X Stimulus 
Type interaction, F (6, 57) « 1.0. 

The Length 5 data are shown in Figure 2. 
For the different stimulus pairs, the main 
effects of level of stimulus difference and S 
group were significant, F (4, 150) — 36.50, 
p € 01, and F (3, 31) = 27.60, p « O1, re- 
spectively. An orthogonal comparison of the 
groups showed that: (a) the eighth graders 
were superior in performance to the other 
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TABLE 1 


MEAN REACTION TIME (IN MSEC.) AND PERCENT ERRORS (IN PARENTHESES) FOR THF 
Various STIMULUS CONDITIONS AND S GROUPS 


No. pairs differing 
Length 2 stimuli Length 5 stimuli 
O(same) i: rae M. | 0(same) 1 2 3 4 
2nd Gi 1,160.5 | 1,262.7 | 1,215.9 | 1,213.0 | 1,844.4 1,970.1 | 1,698.9 | 1,370.0 | 1,368.5 | 1 
UR (4.5) | (00) | (88) | (L7. | (5.6) | (175.8) | (8&8) | (S3 11) 
Sth Graders 836.8 921.1 892.1 883.3 | 1,094.4 | 1,263.8 | 1,152.4 1,024.6 959.4 
(2.3) (3.6) 4.5) (3.5) (5.3) (15.5) (2.8) (3.6) (2.5) 
8th Graders 646.5 121.3 722.8 698.8 828. 933,3 773.2 786. 156. 
(3.8) (5.9) (1.7) (3.8) (4.1) (23.2) (10.8) (4.2: 4.7) 
Cultural familial 910 988.6 919.5 939.4 | 1,469.5 | 1,521.8 | 1,390.2 | 1,217. 1,073.7 
retardates (5.2) (1.7) (2.5) (3.1) (4.0) (17.6) (6.1) (4.2) 0.8) 
M 888.4 974. 937.6 933. 1,309.2 | 1,422.2 1253. 1,099,8 | 1,039.4 
(4,0) (5.3) (4.4) (4.5) (4.8) (18.6) (7.1) (4.3) (2.3) 


groups, F (1, 31) = 49.20, p < 01; (b) the 
second graders were slower than the fifth- 
grade and retardate groups, F (1,33) — 
29.10, p < .01; and (c) the fifth graders 
outperformed the retardates, F EBEREN 
4.60, p < .05. A similar orthogonal analysis 
of the level of stimulus difference effect 
showed that: (a) pairs where only one: posi- 
tion differed were significantly more difficult 
than the other groups combined, F (1, 
150) = 104.20, p < 01; (b) pairs where 
two positions differed were more difficult 
than those where a greater number differed, 
F (1, 150) = 37.83, p « 01; (c) pairs 
where three positions differed were some- 


NO. of PAIRS DIFFERING 


Reaction times as a function of § 

du ae of digit sequence pair trc for 
e Len, stimuli. (Abbreviation: E 

tural familial retardate.) x noch m 


what more difficult than those with : 
five places differing, F LED = 3. 
1; and (d) pairs where four positi 
fered were not significantly more 
than those where five positions difi 
(1, 150) « 1.0. 

There was a significant interaction 
150) = 275, p < .01, which was du 
factors. First, the linear slope of the 
grade data was significantly less th 
slope for the other groups; the lin 
linear component of the interaction \ 
nificant, F (1, 150) = 13.70, p<.01 
the shape of the second-grade data 
was significantly different from tha 
fifth-grade and retardate groups c 
with the quadratic by linear c 
reaching significance, F (1, 150) = - 
-05. All other interaction compone: 
insignificant at the .1 level, 


the different stimuli above, orthogonal analy- 
sis showed that: (a) eighth graders were 
faster than the other groups, F (1, 31) = 
2731, p< .01; (b) second graders were 
slower than the fifth graders and the retar- 
dates, F (1, 31) = 1877, p < 01; aud (c) 
the fifth graders were faster than the retar- 
dates, F (1, 31) — 4.36, p «.05. One addi- 
tional comparison showed that the second 
graders were slower than the retardates, F 


—_ 
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(1, 31) =7.37, p < 05. There was no sig- 
»ificant interaction, F (3,37) <1. 

Error data. The error data are sum- 
rized in Table 1. The overall error rate 
was 5.9%. In three analyses of variance 
(similar to those described above for the RT 
data) it was found that: (a) for the Length 
2 stimuli, there was no significant difference 
in error rates for the group or stimulus type 
main effects, or for their interaction, F (3, 
31) = 208, poe E (6, 
57) = 1.88, p 2.1, respectively; (5) for the 

ength 5 different stimuli, error rate in- 
creased as degree of stimulus difference de- 
ed, F (4, 150) = 2642, p < 01, while 
e were no significant group or interaction 
ts (F <1 in both cases); and (c) for 
ne same-one-item different comparison there 
vere no group or interaction effects (F«1 
; both cases) but the same stimuli had fewer 

rs than the different slides, F (1,37) = 
141,p «0l. 


Discussion 


Figure 1 shows a clear developmental trend 

ı the ability of children to perform this type 
of matching task. For the Length 2 stimuli, the 
four data functions are virtually identical, with 
the exception of their intercept, implying that 
any RT differences between groups are due to 
stimulus encoding and/or response mechanisms, 
rather than reflecting differences in a central 
feature comparison mechanism (Sternberg, 
1969). 

Figure 2 shows a relationship between RT 
and S group similar to Figure 1. Again, as 
MA increases, RT decreases. The fact that 


. for the more complex stimuli, the eighth-grade 


function has a smaller slope than the other 
groups seems to imply that they are processing 
the digit pairings at a faster rate. However, 
this result may be due to a floor effect, with the 
eighth graders operating at close to maximum 
efficiency for even lower levels of stimulus pair 
difference. This could be due to the additional 
experience and greater practice at scanning 
long number sequences that the older Ss have 
had, as the younger children (and retardates) 
are less frequently exposed to five-digit num- 
bers. The possibility of a floor effect makes it 
questionable to interpret the slope effect as re- 
flecting a difference in the feature comparison 
level of processing. 


A possible explanation for the asymptoting of 
the response curve of the second graders is that 
they failed to self-terminate when a difference 
was detected on the first pair processed, and an 
additional pair was checked for verification. 
This results in a minimum of two digit pairs 
processed, and if this were the case, RT should 
be equal for pair sequences where three, four, 
or five positions differed. This is approxi- 
mately what is observed. An additional possi- 
bility is that the difference in the shape of this 
response function was due to statistical noise, 
as there were only eight Ss in this group. With 
this exception, the mean different RT data 
strongly imply a self-terminating mechanism, 
whether serial or parallel in nature, operating 
to detect when a stimulus pairing differs, as 
RT decreases monotonically with increasing 
pair difference. 

The finding that for both the Length 2 and 
Length 5 stimuli same RT was less than differ- 
ent RT (with one item different) seems to ex- 
tend previous evidence of an IDF within adult 
Ss (cf. Nickerson, 1972) to populations at 
earlier developmental levels. The relationship 
of the same and one-item different RT data for 
the Length 5 stimuli further imply that, the 
capacity of the IDF is not affected by S's age, 
as Silverman (1973) found that the IDF’s 
capacity for adults also seemed to be Length 5 
digit sequence pairs. If the IDF is reflecting 
a comparison process at an early stage in pro- 
cessing that is critically affected by stimulus 
information loss, the probability of this loss 
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Ficure 2. Reaction times as a function of S. 
group and level of digit sequence pair difference for 
the Length 5 stimuli. (Abbreviation: CF = cul- 
tural familial retardate.) 


Occurring seems about equal across populations 
at levels of development down to 8-yr.-olds. 
The data from the retardates (MA z 10.2 
_ yr.) showed that they performed at a level ex- 
pected of MA matched normals (fourth grad- 
- ers). This finding extends to a more complex 
task the previous results using simple RT 
methods to investigate. retardate behavior (cf. 
Baumeister & Kellas, 1968). The retardates’ 
deficit, when compared to their expected per- 
formance based on CA, seemed partially due to 
the rate at which comparisons were made, but 
- the slope difference between the retardates and 
eighth-grade RT functions may have been arti- 
factual. However, the 


18S were correlated 
RTs, indicating that RT 
differences in Process- 


there 
error rates between gr 


ILVERM. 
criteria (beta in terms of a . 
model—Swets, Tanner, & Bir: 
untenable. The error data, t: 
similarity of the RT function 
various groups, imply that the R 
between groups are due to quant 
ing time differences rather than 
qualitative strategy change with in 

A closing word of Caution seen 
regarding the interpretation of th: 
sults within the IDF model. The co 
the same-different RT relation: 
groups varying so greatly in overa! 
ance (RT ranged from 801 msec. 
graders to 1,612 msec, for second 
might imply that this result is artifact 
than illustrating an invariant stage o 
ing. One possible explanation for thi 
same-different relationship is a speed. 
trade-off and response bias operating 
of the same response, But if a pai 
comparison process is assumed, it is : 
to process an average of three pairings 
to detect the difference when one pai: 
five differs, while all five pairs must | 
cessed to detect no difference. If proc. 
terminated after three pairs are process 
à difference is not yet detected, a bias op 
in favor of the sa. nse could exp! 
data. of explanation 
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PREDICTION OUTCOME OF A RESPONSE-IRRELEVANT STi: ULUS 


AS A DETERMINANT OF CHOICE REACTION TIME : 


E, SCOTT GELLER? 
Virginia Polytechnic Institute and State University 


Sixty Ss predicted the alternatives of separable binary color and shape dimen- 
sions; following each two-dimensional presentation Ss identified only the 
shape alternative by pulling a right-hand or left-hand trigger. The proba- 
bility that S correctly predicted the response-irrelevant color alternative was 
controlled at .50 for 400 trials (20 Ss), was controlled at .50 for an initial 200 
trials and then increased to .90 (20 Ss), or decreased to .10 (20 Ss) for 200 
trials. Increasing Ss' success at correctly predicting colors diminished the 
effect of shape probability on choice reaction time (RT). The effects of pre- 
diction outcome on RT increased as a direct function of the probability of a 
correct color prediction. These results imply that Ss’ expectancy for a re- 
sponse-relevant stimulus varied concomitantly with Ss’ manipulated expect- 
ancy for a response-irrelevant stimulus. 


Stimulus expectancy has been used fre- 
quently to explain changes in choice re- 
action time (RT) following changes in 
Particular aspects of the RT task. In 
general, RT investigators have shown that 


faster reactions occur whenever Ss’ ex- 


pectancy for the stimulus presentation 
increases. Operational definitions of aug- 
mented expectancies that have resulted in 
faster reactions in a two-choice discrete 
RT task are as follows: (a) The more 
- probable stimulus occurs rather than the 
less probable alternative (e.g., de Klerk 
& Oppe, 1970; Hinrichs & Craft, 1971); 
(b) the stimulus is the same as the pre- 
ceding stimulus rather than different when 
the probability of a stimulus repetition is 
"greater than the probability of a stimulus 
alternation (eg., Geller & Pitz, 1970; 
_ Kornblum, 1967, 1969); (c) an occurrence 
of the less probable stimulus is an alterna- 
tion rather than a repetition (Geller, 
Whitman, Wrenn, & Shipley, 1971); (d) 
E E 


' The author is grateful for the assistance of 
Charles Whitman in designing the logic circuitry 
and in writing the computer programs for the 
research. The assistance of Mark Lewis and Ernie 
Viers in collecting the data was also appreciated. 
The procedure and results of this study were 
presented at the Midwestern Psychological Asso- 
ciation meeting in Chicago, May 1973, 

* Requests for reprints should be sent to Scott 
Geller, Department of Psychology, Virginia Poly- 
technic Institute and State University, Blacksburg, 
Virginia 24061, 


the verbally predicted stimulus irs 
rather than the nonpredicted altern ve 
(e.g., Bernstein & Reese, 1965; de rk 


& Eerland, 1973); (e) Ss’ reported n- 
fidence in their stimulus predicti 1- 
creases (Geller & Whitman, 1973) ; ( / e 
time interval between Ss’ stimulus pro - 
tion and the stimulus presentation s 
shortest (Geller & Whitman, 1972a); ) 
Ss’ stimulus prediction on the preced. g 
trial was correct rather than incor: | 
(e.g. Whitman & Geller, 1971, 1972! 
and (4) the proportion of Ss’ correct p 
dictions of the stimuli is increased (Wh 
man & Geller, 1972a, 1973). 

When investigators divided RTs accor: 
ing to both the outcome of Ss’ stimulu 
predictions (correct or incorrect) and > 
another expectancy index, RT was usually 
found to be a separate function of both 
independent variables. For example, as 
hypothesized by an expectancy model, RT 
was markedly shorter following correct 
rather than incorrect predictions, and 
within each prediction outcome category, 
RT was significantly shorter to the more 
probable stimulus (e.g., Geller et al., 1971; 
Hinrichs & Craft, 1971). Also in accord- 
ance with expectancy interpretations, only 
when S had correctly predicted the stimulus 
did RT vary inversely with Ss’ prediction 
confidence (Geller & Whitman, 1973), 
with the number of seconds intervening 
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T between Ss stimulus predictions and the dicted shape alternatives should increase 
stimulus presentation (Geller & Whitman, êS a direct function of the probability of 
ith the probability ofa cor 2 correct color prediction. In other words, 

i at correctly 


predicting a response-irrelevant stimulus 


come On RT to identity the shape 
crruct.  LBUS) instead of presuming alternatives 
stimulus €x! ectancy varies OR eac! 


predict à response- 
ulus may influence the prob- 
well as the prediction 


determine W 


vant to the stimulus enc METHOD 


Subjects- The Ss were 60 volunteers from the 


execution componen 3 ; 
AM d ccor! u "m $ 
UE will influenc® Mie wed introductory psychol classes at Virginia Poly- $ 
to hypotheses erive rom S technic Įnstitute and State University who had E 
expectan y m el. More specifi ally, 99 not previously participa in a reaction time ex- E 
i esenti alter- riment. re rand ly distributed among ^ 
redicted t quentia y P 
natives of able pinar shape ant three experimental conditions except for the restric 
foll each tw _dimen- tion that the same proportion of males and females 
color dimensions) owing fied jy the was included in each oup (e 44 males an 
sional presentato + S Y ~ D y females per group. ur 95 o made reaction 
robabilit errors on T" 10% (ies 49) of the trials 
shape altern: p! 
correct € lor P ction altered half- were replace : ) 

h h erime t session al Stim stimulus presentations on each 
way EE roug Xp T to t e reaction trial consisted an alternative of eac! 
studied as a deti rmina! A R of two independent pinary dimensions: @ y or e 
shape dimension. Sg relati e Success symbol presented by the illumination ofa2 X 5em 
at redicting rnati of one sum- digital readout and the illumination of a red or 
uli dim nsion raliz ence S reen indicator light 13 cm. in diameter. The 

us CUA a Ai tions © another digital readout was centered in a lack plywood 
confidence in ir pre icio panel separating S from he lights were at 
dimension, © ifference n RTs to jacent to one another on à horizontal plane an 
correctly predicted and to incorrectly pre- were positioned „5 cm. above the digital readout. 


then following à rando 
3 to 2 sec 


hree for U, The wis T Opposite 
U stimuli was i R) mapping arra; nent was 
tape and was the same for ; ng Ss, 
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RESULTS 


Stimulus Predictions. 


Of these trials, Proportion of « 


rocedure, 


redict w] 
| "up? and which color (“reg? 
 pected to occur next, 
S 


but Probability 


^ , 
"prediction signal” again for another two-dimen. p Pectively, A3 x (Group X 30-Trial 
siona] Prediction, : 


“after Sy Prediction of a effect of only trial block, F (7, 399) — 8.95, 
ternative g Sounded a "ready" p < .001, 


AND PREDICTION OF . 


Reaction latencies. Reaction errors were 
eliminated from the data analysis and did 
not exceed 5% for any S. For successive 
locks of 100 trials, the appropriate reac- 
‘ion latencies of each S were classified 
ccording to the shape alternative iden- 
“ted (U or N) and the outcome of Ss' 

ape prediction (correct or incorrect). 
he category means were calculated for 
ach S, and group averages were derived. 
igure 1 depicts the effects of stimulus 
-obability and prediction outcome for 

h experimental group. 

“or each group separate effects of pre- 

tion outcome (PO) and stimulus proba- 
‘ity on choice RT are illustrated by the 

‘er latencies to correctly predicted 

nuli (solid vs. dotted curves) and the 
sorter latencies to the more probable 
ulus within each PO category (cir- 
ular vs. triangular points). Comparisons 
;etween groups indicate effects due to the 
probability of a correct color prediction. 
For example, Figure 1 indicates the effect 
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bability for three expert! 
of a correct color 
Group 10. For Group 50, 50% 
the 400 trials.) 


= No 


IRRELEVANT STIMULU EVENT 


of PO on Trial Blocks 3 and 4 to be 
greatest for Group 90 and least prominent - 
for Group 10 and the latency difference 
due to stimulus probability on the latter 
two trial blocks to be largest for Group 50. - 
An overall analysis of variance, a fac- 
torial of 3 X 2X 2 X 4 (Group X POX 
Stimuli X Trial Block), demonstrated reli- | 
able main effects of PO, F (1, 57) — 41.26, 
stimulus, F (1, 57) — 32.03, and trial block, 


F (3, 171) = 25.59 (all ps < .001). Four 
interactions reached significance: Group 
X PO, F (2, 57) = 3.89, p < .05, Stimu- 


10.66, p < .005, 
Block, F (6, 171) 


jus x PO, PF. (5.57) = 
Group X PO X Trial 
= 5.27, p < .001, and Group X Stimulus 
x Trial Block, F (6, 171) = 3.08, p < .01. 
-The Group X PO interaction may be 
accounted for by the differential effects 
of PO observed in Figure 1 after the 
manipulation of the probability of a cor- 
rect color prediction (i.e. Trial Blocks 3 
and 4). The Stimulus X PO interaction 
was due to a slightly greater effect of 


Group 50 Group 10 


Stimulus 
en (DOWN, 70X) 
aU (uP,30%) 


Prediction 
— CORRECT 
----- INCORRECT 


2 E] 


2 3 4 1 
LOCKS OF 100 TRIALS 


as a function of prediction outcome and 
mental conditions. (After 200 trials, the 
ction was .90 for Group 90 and .10 for 
predictions were correct throughout 


4 


*. 


stimulus probability for the correct PO 

5 category. To study the second order in- 
teractions, separate analyses were per- 
formed on each experimental group using 
the error estimates provided by the overall 
analysis of variance. 

For Group 90 the 2X2X4 (PO X 
Stimulus X Trial Block) analysis indicated 
significant main effects of PO, stimulus, 
and trial block (ps < .005). Of the inter- 
actions only PO X Trial Block was reli- 
able, F (3, 171) = 5.94, p «.001, and 
may be accounted for by the progressively 
greater latency difference to correct and 
incorrect POs after the probability of a 
correct color prediction was changed from 
50 to .90 (ie. Trial Blocks 3 and 4). 

For this group the mean RT difference 
' due to stimulus probability was promi- 
nently smallest on the last trial block. 
. In fact, a separate 2 X 2 X 2 (PO X Stim- 
ulus X Trial Block) analysis for the first 


- and second pair of 100-trial blocks dem- 


onstrated significant main effects of both 
PO and stimulus when the probability of 
a correct color prediction was .50 
(bs « .01); however, for the latter two 
- blocks of trials only the PO effect reached 
_ a .05 level of significance, 

For Group 50 the main effects of PO, 
Stimulus, and trial block were significant 
beyond the .001 level. For this analysis 
the reliable interactions were PO X Stim- 
ulus and Trial Block x Stimulus, F (1, 57) 
= 10.07 and F (3, 71) = 5.73, respectively, 


due to a greater influence of stimulus 
probability for correct than incorrect pre- 
dictions and a progressively larger dif- 
ference between the 
'stimuli over consecutive trial blocks, The 
analysis of variance for the first two trial 
blocks of this group indicated significant 
main effects of PO, stimulus, and trial 
blocks (all ps < -05), with no reliable in- 
teractions, For the 
Significant main effects of only PO and 


Jatsi 


well as significant Stimulus X Trial Block 


interactions (ps 
< .05) The former interaction indicated 


E, SCOTT GELLER - 


stimulus 
on the 


that the RT difference due to 
probability was significantly large 


NA. 


last 100-trial block; the latter in: raction 
was due to a significantly larger «fect of 
stimulus probability when the e- nt was 
correctly predicted rather than i: rrectly 
predicted. 

For Group 10 significant ma effects 
were obtained for PO (p < .025 imulus 
(p < .025), and trial block (p< The 
only reliable interaction was Pi Trial 
Block, F (3, 171) = 5.79, P< , and 
was due to a prominent decrea: n the 
PO effect for Trial Blocks 3 a after 
the probability of a correct colo redic- 
tion had been reduced from .5( _, .10. 
Only a significant main effect of » was 
obtained from the separate anal over 
the first pair of 100-trial blocks (/ 005). 
No terms were significant in the lysis - 
of the latter two trial blocks of 1! ;roup 
(all ps > .05). 

Discussion 

Usually Ss are quite successful 'lec- 
tively attending to a single dime: of 
multiple information Sources, especia hen 
the stimulus dimensions are separab ega 
see review by Egeth, 1967). Howe the 
present findings that probability mat: for 
the response-relevant dimension (sha was 
not reached by any experimental gr. ug- 
gests that independent predictions a pre- 
sentations of the color dimension in: red 
with the degree of probability learni.. im- 
plied by Ss’ prediction Strategies. \ (i$ 
predicted and reacted to only U 
alternatives varying on a 70-30 dist: ion, 
probability matching was observed aft: 200 
trials (Geller, Whitman, & Post. 973). 
Perhaps interdimensional interference oc- 
curred in the present study because on each 
trial Ss predicted the color dimensio: first, 
and for each experimental group the proba- 
bility of each color alternative (determined 
by Ss’ color predictions) generally ranged from 
AS to .55. When Ss predicted each alter- 

native of two separable binary dimensions, 
Geller and Whitman (1972b) found proba- 
bility matching on each dimension after only 
90 trials when the alternatives of each dimen- 
sion varied on independent 70-30 probability 
schedules. However, when the probability 


distribution was 50-50 for one dimension and 
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25-30 for the other, the average prediction 


oportions for the more probable stimulus 
the 70-30 dimension did not exceed 
r any 10-trial block of the 200 two-dimen- 
onal predictions. 
rhe relative frequency of correctly predict- 
the alternatives of the response-irrelevant 
ior dimension significantly influenced Ss’ 
ad to identify the stimulus alternatives of 
independent shape dimension. Moreover, 
nature of the prediction outcome effect 
‘owing an increase OF decrease in the proba- 
ty of a correct color prediction was exactly 
hypothesized by continuous expectancy 
ions. (cf. Geller & Whitman, 1973). In 
vicular, when the proportion of correct 
predictions increased from 50 to .90, 
RT difference due to the outcome of Ss’ 
ulus predictions increased markedly. Such 
ncrease in the prediction outcome effect 
ports the thesis that the increase in Ss’ 
ess at predicting colors resulted in an 
ase in SS’ confidence for their shape 
lictions. Consequently, according to the 
oposed expectancy model, augmented pre- 
ction confidence produced increased expect- 
y for the predicted stimulus, facilitating 
iT when the predicted stimulus occurred but 
inhibiting RT when the nonpredicted stimulus 
occurred. 
The results of decreasing the proportion of 
correct color predictions on reactions to cor- 


also supportive of the propose m 
model. That is, decreasing the probability 
lor prediction lessened Ss’ Pre- 


paredness for the predicted shape alternatives. 


outcome effect when only 10% 
were correctly predict 


pectations 


greater than their expectations : r 
dicted stimuli. In two RT studies with 
stimuli, Ss actually 


ts than 


(Whitman & Geller, 1 73) and 
it confidence judgment asso- 
ith Ss' stimulus prediction was 10 
(Geller & Whitman, 1973). 

Changing the propo ; 
predictions also influenced the stimulus proba- 


bility effect. When the probability of a cor- 


rect color prediction remained unchanged 


at .50, the RT 
probability increased 25 


block. Such an interaction between stimulus  - 
probability and trial block has been shown in * 
other RT studies (e.g. Fitts, Peterson, y 
Wolpe, 1963; Kanarick, 1966) and may be 
interpreted as an increase in probability dis- 
crimination with practice (cf. Geller et aly 
1973). Following an increase or decrease in 
the probability of a correct color prediction, 
the RT differences due to relative shape fre- 
quency did not increase. In fact, for the last 
two 100-trial blocks of Groups 90 and 10, the 
slight differences due to stimulus probability 
were not statistically significant. Such non- 
significant effects of relative frequency on 
choice RT suggest that a change in Ss’ com- 
petence at correctly predicting color alter- 
natives interfered with Ss’ discrimination 
learning of differential shape probabilities. 
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VISUAL BACKWARD MASKING BY A FLASH OF LIGHT: 
A STUDY OF U-SHAPED DETECTION FUNCTIONS! 


ALAN L. STEWART* DEAN G. PURCELL 
New York University Oakland University 


u-shaped backward masking functions were obtained using a homogeneously 
illuminated field as the masking stimulus. Five highly trained Ss were given 
feedback immediately after each stimulus presentation. Each S gave u-shape! 

masking functions, and performance decrements at intermediate values of 
temporal separation represented a decrease in sensitivity of more than one 
d'e unit for some Ss. Both recognition and detection tasks resulted ina family 
of masking functions. When mask ]uminance was low relative to target 
]uminance, the functions Were u shaped. As masking ]uminance increased, 
the functions became monotonic. Under forward masking, when target and 
mask energy Were equal, 5 performance was high, although performance 
decreased monotonically as the onset of the target approached the onset of 
the mask. Performance then decreased more rapidly until the backward 
masking U minimum was reached. The result was an asymmetrical masking 
function about zero stimulus onset asynchrony, with backward masking prov- 


3 ing more extensive than forward masking. 


two visual stimuli, presented closely in overlapping those areas stimulated by the 


ae to the same or adjacent retinal areas, target. In masking-by-patlern paradigms, 
av interact SO that an observer isunable the masking figure falls directly on por- 


o report one or the other stimulus. Visual tions of the retina stimulated by the target 


backward masking occurs when the report as well as on areas adjacent to them. Al- 
of the first stimulus i$ interfered with by though these distinctions are widely recog- 
the second. A number of distinctions be- nized (Kahneman, 1968 ; Weisstein, 1968), 
tween the various backward masking para- their theoretical significance is not clear. 
digms depend upon the spatial configura- The strongest case made for distinguish- 
tion of the target OF the mask. A distinction ing metacontrast from other masking para- 
is made commonly between paradigms digms rests on the fact that metacontrast 
using à homogeneously illuminated field paradigms yield U-shaped masking func- 
asa masking stimulus and those paradigms tions under some conditions. In most 
where a figure is included with the masking backward masking experiments, the effec- 
4. field. Paradigms using a figure as a mask- tiveness of the masking stimulus decreases 
ing stimulus are further subdivided into monotonically as a function of the time 
attern para- delay separating the target onset from the 


metacontrast and masking-by-P. he te f 
i mask onset, resulting 1n à steady improve- 


digms. Metacontrast obtains only when E 
i fall on ment in the observer's ability to detect or 


the edges of the masking figure r ' e 

portions of the retina adjacent to but not identify a target item as the interval 

e e EAE i separating the target and mask onset 18 

Be ae a im B NONO increased. In metacontrast experiments, 

the National RSS sal when target energy and mask energy are 

i ions of these approximately equal, the masking stimulus 

data were submitted by the ad aut 2 me first becomes more effective as the target 

i ity, - 

Feu ko Studies, Yor niyer, onset is separated from the mask onset, 

Hees P and then, as this interval continues tO 

? Requests for rene sioni UR ne ae increase, becomes less effective once again: 
earc! an rain 7 P ie 

Stewart, Decr, 80 cr achington Square East, This U-shaped function has been thought 

to be associated uniquely with metacon- 


New York, New York 10003. 
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trast experiments, and its existence has 


man, 1972). Therefore, the exis 
served as a point of departure for those 


U-shaped masking functions is 


separating the target onset from the mask 
by a target letter, and we argue in this i i 
article that U 


be obtained when a homo 


ki TA separated from the mask or 
e masking stimulus vals of time. This must 


target « 
nset by increasin; 
be so, for given 
the target and m 
target before the 

ce, the statistical an 
A reliable decrease 


rmance was aboy: 
the 75% 
shaped functions 


simultaneously. 
argue that the 
ined by Kolers 
1960) may have re- 
in S's criterion for 


ü 5 reporting the target, Further, both Bridgeman 
Shaped masking func- (1971) and Schurman (1972) argue that Ucdlisped 
x ave occupy a pivotal posi- masking functions should not be obtained with a de- 
ion within the ma: a yes-no detection 
i i e D St tor U-shaped mask- 

n integration a roach pS functions, à 
to backward maski Wa 


etection theory, com pensating 


5 criterion, 
z methodological flaw in In the following five experiments, either a yes-no 
any experiment that generates them (see Procedure 9r One suitable for the application of 
Eriksen, Becker, & Hoffman, 1970; Schur. —P'Enàl detection 


theory was used. Ail the experi- 


ments were designed to demonstrate that U-shaped 


nce of 


:heoret ai 
theorists who argue that metacontrast cally important, and the fact that ; y can 
masking is the result of an interaction be- — be generated using a homogeneously :} lumi- 
tween the contours of the target and mask nated field as the masking stimu us has 
Weisstein, 1968). Yet important implications for all cur-^at ex. 
have shown that U- planations of visual backward mask g, 
haped functions are not restricted to 
metacontrast paradigms. We have demon- RATIONALE AND GENERAL PRoc; RE 
Strated that U-shaped functions can be E. 
4 : ; The presence of U-shaped functions is i: -cated 
obtained when a complex pattern us Super- when S's performance deteriorates as the rval 
imposed across the retinal area stimulated i 


is 
his 


U-SHAPED FUNCTIONS IN BACKWARD VISUAL MASKING 555 


cing functions can be obtained with a homoge- 

: mask, and that these functions reflect a change Janget Mask 

ne ability of S to detect a target item as the 

tive SOA is increased. 
1 0.4 degrees 3degrees 

KWARD MASKING BY FrasH or LIGHT | __t - 

i i 0,08 degrees 
oeriment I EE 3 degrees 
at legrees 
^ne prerequisite for generating U-shaped Target and Mask 
equence 


ctions has already been indicated. The 
get must be legible when presented 
ultaneously with the mask; otherwise 
further deterioration in S's performance 
; be assessed at intermediate values of 
A. SEEDS U-shaped masking functions 
| st, however, it follows that a family of 
: sking functions can be generated by ae 
tematically varying the luminance of S 
mask. When the mask luminance is FIGURE 1. Schematic drawing of target and 
y low relative to the target luminance, mask fields. (The bottom figure represents a target 
M ;- formance should be only slightly affected presentation at SOA = — 6.6 msec.) 

ny temporal separation. he masking 
mulus might cause à more pronounced substituted for the target card. Its illumination 


mming of the target at an intermediate was 66.5 cd /m*. 
The masking field was also square» subtending 3° 


;gative SOA, yet the target legibility k en 

r e : on each side. ‘The masking field was positioned so 
inder these conditions should reman good that it appeared to be superimposed on the target 
enough for uniformly high detection Or field during simultaneous exposure. The masking ` 
recognition rates as long as they are plotted field was net at a luminance of 50, 66.5, 83, or 100 


as percent correct. As the mask ]uminance cd/m?. Both target and mask durations were con- 
stant at 20 msec. and all presentations were made 


13 increased further, U-shaped functions tachistoscopically (Scientific Prototype; Model GB). 
should emerge as long as the target remains An experimental trial consisted of presenting a 
legible at zero SOA. But then, a$ the sequence of the target field and, after an appropriate 
mask luminance becomes Very high relative delay, the mE em en ve ee acres 
H a e should ing to a ran iom schedule, e target held con aine 
to the target user pue Lae os the upright target bar, while on the remaining trials, 
become so. poor uring simu e p the target field was homogeneously illuminated. 
sentations of the target and mask that After each trial, S responded yes, indicating that he 


only monotonic functions of SOA can be believed the target had been present, oF no, indi- 
cating that he believed that the target field did not 


: ine with this reasoning an n 

generated. ex of interest the Taran contain the target. Performance was plotted as 
as a secon pee : A : h the percentage of correct. detections plus correct 
of the masking field was varied in the rejections- 

following experiment in an effort to gener- The S was dark adapted for 10 min. before each 


ate this family of masking functions. session, and the interval between trials was never 
Method. The target consisted of à small upright shorter than 10 sec., in order to preserve good dark 
ing .08? „4°. The ap- adaptation ; previous work in our laboratory had 

pearance of the target was of a black letter Iona indicated that 10 sec. was the minimum interval 
SIS background. that would insure the state of dark adaptation 
because its dimensions wer" e same as the required. The fixation field. consisted of four red 
pinpoints of light, arranged in à diamond pattern; 

each fixation point was located .6° from the center 


50A » —6,6 msec: 


upright back of the Jetter D used in à 


experiments. ^ 
other masking “*P""3° on each side. The target of the target field. The target always appeared in 


ter of this square on those the center of this diamond pattern. All viewing 


trials when the t2! et was presented (see Figure 1). was monocular (right eye). à 
beta delen was 16 cd/m? and its sur- The 5 initiated each trial by pressing 4 thumb 
minated at 66.5 cd/m’. On the no- switch once he had carefully fixated the point al 


geneously illuminated card was which the target would appear. Five highly traine 


Ss were used. Three had participated in other 
- masking experiments, and all were naive as to the 
purpose of this and all of the following experiments. 
Each S had to be capable of detecting the target 
when it was presented simultaneously with a 50 
cd/m? masking field in order to be included in the 
experiment. No S was included if he scored less 
than 80% correct detection under this condition. 
Most Ss met the criterion with no more than 2 hr. 
of practice. Once the criterion was met, each S 
was given an additional 10 hr. of training under the 
- experimental conditions. After each training trial 
_ S was told whether the target had been presented. 
_ Previous experimental work in our laboratory 
- had shown that U-shaped functions would be found 
- consistently with these target and mask parameters 
only with mask luminances between 50 and 83 
- cd/m?, and that the U minima for some Ss would 
not extend beyond an SOA of —20 msec. Accord- 
ingly, it was decided beforehand that only the SOA 
values of 0, —6.6, —13.3, and —20 msec. would 
be tested for the presence of U-shaped functions, 
| using masks of 50, 66.5, and 83 cd/m*. Longer 
values of negative SOA were gathered once the 
_ experimental trials were completed. In addition, a 
“mask of 100 cd/m? was used in a subsequent set of 

trials, once the experimental trials were over, so 
| that a monotonic masking function would be pro- 
duced and thus complete the family of functions 
that was expected to emerge. Because these data 
were gathered after the experimental trials, they 
were not included in the statistical analysis. On 
each day of testing, only one randomly selected 
mask luminance was used. 

After S's dark adaptation was completed, he was 
shown, in turn, all of the conditions to be run that 
day. Ata particular SOA value S was shown the 
‘stimulus sequence, first when the target was present, 
-and then when the target was absent. The S was 
then given 10 detection trials, 5 with the target 
present and 5 with the target absent. After each 
esponse, he was told whether or not the target 
ad been present. He was then introduced to the 
ext SOA value. This was done in an effort to 
eliminate any warm-up effect and to stabilize .S’s 
adaptation under the experimental conditions, Once 
S was acquainted with each condition, the SOA 
values were again randomized and the experimental 
sessions were begun. The S was again shown the 
stimulus sequence, both with and without the target. 
His next 10 responses were discarded, and the 
following 25 responses were recorded as data. In 
all, 100 responses were recorded for each S at each 
SOA. Just as in the warm-up trials, S was told 
after each response whether or not the target had 
been presented, 

After the data had been collected for the first 
four values of SOA, additional data were gathered 
at longer SOA values so that the extent of the 
masking functions could be mapped. The same 
experimental procedures were followed in obtaining 
these additional data points, as well as the data 
points for the 100 cd/m? mask condition. 
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Results and discussion. As the luminance 
of the mask increased, performance of S de- 
teriorated, as Figure 2 shows. These 
results were statistically significant, > (2, 8) 
= 5.98, p < .05. The mean percet cor- 
rect detection decreased from 0 —20 
msec. SOA when masks of 50, 66 5, and 
83 cd/m? were used. Statistical «alysis 


supported this interpretation, g^ »z F 


(3,12) = 3.78, p < .05. First- and £ -ond- 
degree polynomial equations were ad, «ted 
to give lines of best fit for all the lata 
points, and the data were analyz for 
linear and quadratic components (l on, 
1967). When the luminance of the «isk 


was 50, 66.5, and 83 cd/m?, the quac tic 
component accounted for 86.7%, 85.07%, 
and 82.5% of the variance, respecti 
When the luminance of the mask wa 
cd/m*, the linear component accounted or 
51.2% of the variance and the quadr. c 
component accounted for 27.8% of 
variance. 

Because of the small number of tr: 
used, reliable false-alarm rates could : 
be obtained for all Ss beyond the first th: 
values of negative SOA. Nor could a: 
estimate be made of the slope of an 
receiver operating characteristic (RO: 
Assuming that the slope was unity, 
values were determined from the tal 
computed by Elliott (Swets, 1964). T 
mean d" values obtained at SOA values : 
0, —6.6, and —13.3 msec. are given in the 
second panel of Figure 2. In each case, « 
decrease in mean d’ occurs. Although 
Experiment III proves that the assumption 
of a slope of 1 was unnecessarily conserva- 
tive and thereby minimized the true change 
in S's sensitivity, these values are given 
because they reflect, to some degree, the 
false-alarm rates of the individual Ss. 

The results of the experiment agree with 
the original predictions and substantiate 
the existence of U-shaped masking func- 
tions using a forced-choice procedure. The 
results indicate that even as basic a visual 
task as target detection results in a U- 
shaped masking function under these con- 
ditions of luminance and duration. Most 
important, the results demonstrate that U- 
shaped detection functions can be generated 
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o =13.3 ob 

Stimulus Onset Asynchrony 
FIGURE 2 an percent co! ct detection pl for five alues of nega- 
tive SOA (Target luminance 1S .S cd /m"^, an sk luminance alues are 9» 
66.5, 83, H 2, In th ‘ond panel, the data are replotted as mean 


en a homogeneously illuminated feld point of minimum detection associated with 
30 cd/m? mask was located for each individual. 


res 08 P masking stimulus. This negative SOA value was multiplied b 
1.5, 2 and 2.5 to determine the individ! 
periment II values fo! S in Experimen i. Accor 


ward masking studies as he target 1$ pre- of 0, 735 — —99, —19 and —16.5 msers 
: nce of each S should then deteriorate 


o ol 
the first three negative SOA values am then 


king field is used if this the center of the fixation feld. The S fxated at 
f the field, the fixation point 6° to the 


: jeft of centers or the point 1.7° to the teft of center. 
to the anatomy of the retina, a d ese Only one fixation position was studied in any, one 
d not limite tO session. pata were gathered in blocks © 25 re- 


metacontrast or aski gb „pattern p2 a- spon nd Y each session, th x SOA values 
digms In an att p further ocume selected for each S were run in random order 
the existe nce of A aped masking func- Table 1 gives e exact SOA values selected. for 
7 A E : : each S. A total of 50 responses was recorded for 
tions and their relationship to retinal locus each S at Lach SOA D ue. Before ay data were 
of stimula’ jon, the Mowing peri collected, S Wa shown the target field with an 
as run. without he target present. s th experimental 
a T aon iA often sessions continued, S was told after each response 
eti he U 
located at à difieren 50. Purcell ya 1970) if the target had been present 
Fach S in Ex nent | ga eA u-shaped king Target and mask durations were constant at 20 
nacho ns, bu w inim was located. at a msec The target field was held at 66.5 cd/m’, th: 
unique xà ue o! . Exactly W ere inimum target at 16 cd/m*, an the masking field at 
is locate o a character tic of each cd /m*. Adaptation, warm-up, and all other cond 
individual. thi jnimum is known for S, tions were the same as in Experiment 1. 
however values lected t ut 
i i tter reve’ ed. } E ; 
Sd Yes ba functio’ is yes for eac Resulis and discussion. Target detect 
were base ormance i Experimen' iE was poorest for targets presented to € 
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TABLE 1 


STIMULUS ONSET AsYNCHRON 


Y (SOA 
USED IN EXPERIMENTS 


) VALUES 
H anp IV 


AND DEAN G. PURCELL 


Finding that performance falls , 
target and mask stimulate are: 
from the central fovea is not « 


T as the | 
urther 


orising, 

2 s although points within half a degr: e from 

Subjecte reed vilucro tertiis SOA (ja msec) each other on the retina are s ‘times 
1 2 3 4 5 6 treated as though they are equal!. sensi- 

S oo 30 |40 | 50 tive. The fact that U-shaped bi etions 
S 0 $3]| 66| 10 |153 | 166 were found at central fixation more 
S; O |12 |24 | 36 |48 | 60 Surprising. In metacontrast stuc U- 
3: DES TONS EDU Fa] 50 haped functions ar not documen: d for 
3 0 | 6 |12 18 | 24 | 30 shaped functions are [n 
Se 0 | 16 | 32 48 | 64 | 80 targets presented to the fovea ern, 
1953; Stewart & Purcell, 1970). one 

aly fa meniere Pp Heed in Experiment IV, and Sy was used difference between Experiments T II 
and those reported by Alpern is jy, di- 


point of fixation, 
Statistical 
= 10.26, p < .01, 


as Figure 3 
analysis gave F 
-shaped func- 


tons were found at each position. Sta- 
tistical analysis for the main effect of SOA 
| P «.001. An 

uadratic and linear compo- 


r fixation and 


the six points of the -6° and 1.7? fixation 


Curves, the quadratic com 
or 33.9007. 63.22%, 
variance, respectivel 
nent accounted for 
22% of 


E 


37.09%, 


19.50%, and 
the variance. 


100 


© 
o 


on 


œ 
o 


ect Detect, 


x 
o 


Percent Corr 
co 
o 


© Center fixation 


a 0.6 degrees left 
4 l7 degrees left 


a 
o 


1 ihe S 4 5 6 
Individually Selected Values of SOA 


FIGURE 3, 
targets present 
-— points .6° and 


5 j Mean pei 
ted at th 


1.79 


Tcent correct d 
€ point of fix 
to the right of fixa 


etection for 
ation and at 
tion, 


ately apparent. 


In Alpern's stud 
illuminated portior 


ns of the masking : 
lus did not fall on any retinal tissue s 
lated by the target, while in the c. 
ments presented in this article, the ma 
flash was evenly distributed across 
the retinal points within the square p. 
of retinal tissue first stimulated by 
target presentation, The importance 
this distinction is not clear at pres: 
Under Alpern’s conditions, a different 
of time or luminance 


he 
u- 
u- 


urce 
quent unreported stud 
oduce U Shapes foveal): 
he mask was 


y occupi 
Noneth 


their occurrence 
LH 


Experiment I] I 


All Ss used in Ex 


periments I and II gave 
U-shaped masking 


shi functions, although the 
Position and extent of the U minimum was 


different for each S. To document this 
change in visual Sensitivity for individual 
Ss, and to further substantiate the existence 
of U-shaped masking functions as changes 
in the Sensitivity of S, the following experi- 


N 


br) 


U-SHAPED 


run using @ 


c of 50 cd/m’. 
SOA. By using a Te 


ıt changing 


ver the target ad 


‘very certain" the target 
at all certain 


à by deriving the 


e difference 
ünear 


he = 


lifferent retinal positions coul 


ting was done on à 4-category 


” the target 
iver operating characteristic cul 
likelihood estimate 
between signal istribu- 


(Am) and the slope of the 
i normal 


FUNCT 


IONS IN BACKWARD VISUAL MASKING 


signal detection 


because they represented two extremes. 


\ had a U minimum 


sad occurred. 
‘All conditions were as In E 


cedure was user 
zathered at eac! 
and a total of 600 
at each SOA value. 
random order. 
and numbere 
fixation point was used un 
values bi been gathere 
domly chosen fixation 


point Wa: 


had been P! 
rves Were ob- 


ROC curve 
]-deviate scales 


ment I except for 


f. the following differences: A-category rating pro- 
One 


onses were 


x Results and. discussion- e separation 
between ROC curves represents differences 
in sensitivity: The sensit ity of both 55 
decreased aS the target s presented ec- 
centrically t the point fixation, 29 can 
be seen fro Figure At both center 
fixation an .69 fixation, the sensitivity 
was lower ior the asynchronous resenta- 
tion of target and mask than for simu 
taneous presentation As the sensitivity 
decreased, the slope f the RO curve In 
creased. The most mmon inter retation 
for this change 10 slope is that the variance 
of the signal distribution increases 29 e 
mean O the signe distribution. moves 

ean of the noise C9 


further from the M 


7 


Whatever the cause, similar 
are observe in 
visual experi- 
have little to 
the fact that the present data were 


tribution. 


ments. 


Every criticism made of experiments 
U-shaped masking functions 
reduces itself to the claim that there is no 
S's sensitivity aS SOA is 
4, 1970; Eriksen & 
1969; Schiller & Smith, 1966). 
As can be seen in Figure 4 there is à clear 
reduction in sensitivity a$ SOA is increased. 
The only exception is when the target an 
mask were presented 1.79 to the left of 
S's point of fixation. When Ss used the 
Tu fixation point, their sensitivity at 
zero SOA was so low that no change in 
sensitivity could be expected at an inter- 


mediate value of SOA. 


Experiment IV 


The three previous experiments all dem- 
onstrated U-shaped masking functions 
using à detection task or some variant of 
a detection task. in an effort to establish 
using letter recogni- 
the following ex- 
Asa secondary point 
of interest the experiment was designe 
zx 

. Two luminance values Were 
the masks— 0 and 100 cd/m’. 
i were expected when 

the 50 cd/m? mask was used, and a linear 
when the 100 cd/m? mask was 


. The dimensions of the target bar were 
as those used in the previous experiments, 
put the target reflected less light than 
D and O were used in conjunction 
i letters subtended 
with à 
The target bar target 
The target field was 
each side, and reflectet 
' The mask feld was also squart 
3 ch side, and mask luminances were eithé 
50 or 100 cd /m*. Only center i 
Target and mask durations were constant at 
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z (Y|z) 
-2 2 0 D 2752 1 0 1 


S04 =0, d'e = 2,67 


^d'e =0,3/ 


d'e=1,85 


imk S04=-6,6, oe» 2,29 


44 E 


d'e-0,68 - 


«lO 12030 ,50 70,80 30 Ol /— 40 2030 ,50 7080 90 Ol — 40.2030 50 70.80.90 , 
Target presented ot Target presented O6degrees Torget presented 1,7 degrees 
point of fixation to right of fixation to right of fixation 
5 


FIGURE 4, Receiver operating characteristic curves for $, and 
Sz (labeled Observers B.E.Z. and J.M.S.). 


m 
as 

“msec. The SOA values were selected as ij before another condition was run, The 
"ment II and are given in Table 1. Except for the perimental effects were anticipated to occur over 
ew targets, all the stimulus parameters were the — the first three values of SOA, just as in the previous ES 
same as in Experiment T, experiments. Stimulus onset asynchrony values 

Four 5s were used, three of whom had partici- were tested in a random order with responses 

ous experiments. In practice gathered in blocks of 25 responses. A total of 50 j 

minimum was located by means responses was recorded at each SOA. Additional 
mask and the bar target, and appro- 


values were then run to map out the extent of the 
s of SOA were selected for the experi- masking functions. As in all the other experiments; 
mental conditions, 


Ss were first allowed to view the target under each 

When the bar targe experimental condition before any data were re- 
no to indicate if they believed the target was corded, and were always informed as to whether 
r they had correctly or incorrectly detected or identi- 

proximately half of the time when it fied the target. 


in Experi- 


major ex- 


When Results and discussion. Both detection = 
and identification decreased as the lumi- 

n presented. nance of the mask increased. Statistical 

ndantechaddie analysis gave FAT 3) = "18:3; 5 X .025. 

and S task were run in a random As Figure 5 shows, both detection and 


recognition functions were U-shaped when 


the: 


ear 

and 79.10% 
a statistically sig- 
Luminance interac- 
‘There 
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rect 
a 


percent Cor 
E: 


Detection 
Recognition 


i} 2 3 
Individually Sele 


Mea 


A 5 
cted Values of 


either 


xt correct detection 9 
an upright 
0. Mask luminance 


6 
SOA 


rec" 


during simultaneous expo- 
enable all 


e- 
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It may seem obvious that a target must theless, an ad hoc explanatio: 
- be seen easily during simultaneous expo- constructed. ; 

sure with the mask if a U-shaped masking Assume that the detection or : 
function is to be generated. Yet in the of a target requires some finite 
majority of studies in the masking litera- time and that recognition cont 
ture, the luminance or duration of the the offset of the target. Furth 
target is deliberately reduced in an effort that recognition is based on 


s after 
issume 


visual 
to make it less legible at zero SOA. It is persistence of the target stimul Visual 
therefore not surprising that few U-shaped persistence, in this sense, has same 
functions are reported. Keeping this in figure-ground relationship as th nulus 
mind, it is interesting to look closely ata that generates it and appears to asa 
study that fails to find a U-shaped mask- function of the time from the . 't of 
ing function under conditions of meta- stimulation (Purcell & Stewart, 1971), 
contrast similar to those used by Weisstein An index of the legibility of this I ting 
and Haber (1965). image can be given roughly as the ) of 
In order to insure that the target letters the Persistence of the surround the 
would be susceptible to backward masking, persistence of the target. As long the 
Eriksen et al. (1970) adjusted the target absolute level of activity exceeds | ome 
duration for each S so that the target letter threshold value, the higher the inde. the 
could be identified 85% of the time when more legible the persisting image his 
the mask onset immediately followed the index is roughly analogous to the co. ast 
target offset in time. The data from this ratio used by Eriksen (1966). Alu gh 
experiment revealed U-shaped masking the persisting image of the target anc its 
functions for three Ss but not for the fourth, Surround begins to fade once the stir: us 

- On this basis, Eriksen et al. conclude that js turned off, the image remains legible or 
there was no statistical evidence for U- Some additional number of millisecc- 's, 
_ shaped functions. However, the data given The S could not complete his identific n 


by the fourth S did not meet the criterion 
chosen by Eriksen, in that S did not iden- 


tify the target 8506 of the time when the The luminance-summation, contras; 
target was immediately followed by- the 


r duction hypothesis holds that the legib; 

. mask during the experimental trials; In of the target is determined by an aver 

5 fact this S's performance under the cri- of the stimulus energy being transduced 

. terion condition was worse than the per- the visual system over Some critical inter, 
formance of the other three Ss at their of time (Eriksen & Eriksen, 1971). Sun 
minima, In light of the experiments mation is thought to decrease once the 
one would not target is separated in time from the mask 
to give a U- bya large enough interval of time and, 
. The salient from that point on, the legibility of the 
study by Eriksen et al. is target is thought to increase steadily as the 


who continued to meet the mask onset is f, d 
at 5 y urther del 3 an 
- Original conditions of the experiment did aie 


[ ) alternative to this hypothesis, one can hold 
; EM pod ug functions. : that, at any instant, the persisting activity 
a © problem of how U-shaped functions of the target and of its surround each add 
on M still remains, however, AI. independently to the visual activity pro- 
ough the existence of U-shaped func- duced by the mask at that instant. 
tions seems firmly established for meta- Although similar in approach to the 
E jx (Cox & Dember, 1972 ` luminance-summation, contrast-reduction 
Ep * E 1970), no current hypothesis, applying an instant-by-instant 
p on of backwa; Summation rule to a simplified model of 


à rd masking would 
predict U-shaped functions when ahomo- the masking paradigm results in a quite 
different Outcome. Assume that we know 


of briefly Presented targets if it were «t 
for this additional time, 


_ geneously illuminated mask is used, None- 


can be 


'znition 
ount of 


E 
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ion of the target and the mask, and the value of rf) approaches unity as a 
yersistence decays at 8 rate propor- limit. To the degree that performance 
+o itself. For the sake of argument, depends upon target legibility throughout 
: persisting image of the visual the entire domain of time values associated. 
us decay by one-half in unit time with each SOA, performance would become 
che offset of the target- ‘The follow 8 U-shaped function of mask delay. 
uations would then describe the repre- As more powerful masking stimuli are 
ion of the target stimulus: used, the surround-target ratio will be 
driven to the point where the target can 

e o<t<Sh 4 no longer be detected during simultaneous 
"REO exp(—-69!): T«t m presentations. Although the computed 


ne function a(t) is the visual activity mediate values of mask delay: this woul 


ciated with any point 1n the stimulus 2° longer have any practical consequence: 


c stant activity during the time the stim- formance | cannot drop below chance 
s 18 physically present, is the Therefore, his performance would become 
e at which stimulus ffsets: monotonic, improving o? y at longer values 
ilar form of Equation uld also of mask delay. i 
iy mutatis ™ andis XO the masking The important feature of our model is 


that summation takes place instant bY 

Equation iar instant, even when target and masking 
stimuli overlap in time. While the effect 
i: of the mask i$ greatest if it occurs after the 
function 4 soci ed with the target offset of the target stimulus, aM that 16 
i i strictly necessary to produce U-shaped 


nulus. 
rwo functions based on 


The second f on is S, thi function masking fu ctions 1s t 

issociated with he figure’s d. target occur pefore offset of the mas 1 

index © egibility for th x stimulus Exactly Where the U-minimum perform- 7 

r( —5 )n/ fO prior t esentation ance will occur depends, in part, upon how 
E f - 


f legibility for this the mask interferes with the target repre- 
he following formula, sentation most effectively at longer SOA 


exact forms which the appropriate 

equations take in a more representative 
s() +k. [A model may not be identical to Equations ak 
and 2. For example, the time constants 


Wh mask onset as well of Equation 4 might be proportional to the 
ere the targ Tues of Equation 9 stimulus ene gy The data !n this paper: 
as offset tos her, pass of offset. Con- however, requite nothing more than inde- 
are constant UP (0) rema constant ndent rates of decay for figure and sur- 
sequently: he inde: eth dela: situation, round in order to understand why, in prin 
for all values o ane mask f jlows the ciple, linear addition of target and mas 
whenever 1° esult different. values might result in à U-shaped chang 


offset of the target 
Obviously: since 


T. 


TABLE 2 
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STIMULUS Onset ASYNCHRONY (Soa) VALUES Usep  ; 


Selected values of SOA (in msec.) 


e 


EET 42 +3 pl +5 


+30 
#15 


coos 
FII HE 
121233 
H 
5 


FoRWARD AND Backwanp 
Xperiment V. 


MaskKiNG 


There are a number of 
tween the model we ar 
A luminance-summation, 


model. There is one marked point of de- 
parture, however. i 


similarities be- 
e suggesting and the 


igh energy targets than js 
i We have asserted that, 
to produce U-shaped masking 


usceptible to 
(Purcell & St 


istinct stimulus changes oc. 

a Offset of € target 

as Onset and Offset of the 

. mask, At zero SOA w ere Performance 
Was better, target and masking Stimuli 


cedure was used, 
similar to the 66.5 cd/m? 


I, €Xcept that data were g: 
of forward 


each of four Ss, 
Even in Table 2. Additi, 


onset and offset simultaneously. 


resulting 
in only two distinct stimulus changes, If 
on and off responses to each change in 
luminance level disrupt informat; /n proc- 
essing, short delays of the mask cou'd result 
in a deterioration of performanc. "ecause 
of the increased number of | inance 
transitions. Just as with the |; nance- 


summation, contrast-reduction m. l, this 
explanation Suggests that the orier in 


R 5 x de 
Which two stimuli are presented ; 


mnim- 

portant in a masking experiment. nlike 
the luminance-summation, cContrast-reduc- 
tion hypothesis, the occurrence of o; and 
off responses could account for U ped 
functions. Masking as the result on 
and off responses would also result in 
additional prediction. U-shaped f. rd 
masking functions should be found th 
the same duration and luminance viues 2 
that produce U-shaped backward ma g 
unctions, Equal Separations between | .,. 
get and mask, whether forward or | 
ward, should be equally disruptive if i; is 
the on and o responses per se that 
responsible for interfering With perfo: 
ance. Therefore the transition from í 
ward to backward masking should res 
in W-shaped functions centered on ze ^ 
SOA, 

Method, Ta 


A yes-no forced-choice pro- 
In general, 


& values were obtained 
values equal to the three 
were then x 


U-SHAPED FUNCTIONS IN BACKWARD VP eon 


9 
9 
ulis. and discussion. The masking t 
ion that resulted was asymmetrical Ó 
zero SOA, a5 shown in Figure t 
;rmance Was best under forward mas So 
onditions, although erformance el 8 Oc xa +3 52 f ETE SEN -5 
eet and mask onset app oached eac Individually Selected Values of SOA 
eu Performance hen deteriorated still FIGURE Ó. Mean percent correct target detec- 
nder conditions of forwar! and backward 
sk were constant at 66.5. 


m: . (Target and ma: 
cd/m? for 20 msec-) 


e order in W 
fluences S per 


minimum 
e, from 3 to —3, statistically 
nificant, F (6, 18) = 617, P € .00 masking data, and is consiste! 
This marked asymmetry indicates that presented 1n this study- 
i hich timuli a presente The central purpose f this study, however 
i as to estab! ish that U-sh ped mas ing func- 
i sing a ho mogencously 
sa maski S. 


a U-shape 
tend to be € , When the mask lumi- 
is hi ive to the target ]uminance, 

i nctions tend to be 


findings present d in this article $ 
nelpful in u valuating these various 
ions i backward masking. 
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EXPERIMENT I (muli. Visual stimuli were 


Recently, Siegel and Allik (1973) re- animals on 3 X § in, white cards 
ed a developmental Study of the effects were Presented to Ss in 2 item 
auditory and visual stimulus modality du 
short-term memory, using the Serial Auditory stimuli were the tape-r d names 
ition recall task devised by Atkinson of the same Objects and animals, For \uditory 
‘al; (1964), Experiment I reports the condition, 16 series of different objec ! animal 


- names were recorded (2 four-item war D series, 
i ult data from that study, analyzed srpa and 14 Seven-item test series) and pre d such 


that it took approximately 22-25 sec resent 


! approxi- 


There wz nstant 
ality effects in short-term memory on interval between the begi pro- 
Sequential task? and (b) Does the mo- nunciation) of item n item 
5 AU n+1. No stimulus was used once 
ality of the récall Suc exerta significant within any one of the four experimenta] « ons, 
Influence on Performance? 5 f Apparatus. € same display Tespor ole 
Stimuli and recall cues were either pic- Was used in all experimental conditions (for ils, 
res (line drawings of animals and ob. See Siegel & Allik, 1973). The console . ed 
ects) or auditory words (the tape-recorded of a Wooden platform situated horizonta a 

íi ; ; table in front of X The top surface of th. ile 
Rees of animals and objects), The four platform was divided into seven equal s. 


ithin each Space closest to § Was a bi 


or the auditory conditions, the output jac 
T a tape recorder Was connected to à multiple-; 
It was Predicted that overall Performance tion rotary Switch. The Contacts of seven of ; 


be superior when the Stimuli were — positions were each connected to one of se 
visual (Pictures) than When they were small Size ory speakers, Each Speaker was 


ch age same size as the visual stimuli and was cove; 
auditory, This Prediction was based on with black cloth. Pretesting indicated that 
© related hypotheses which have con- could readily identify the 


frequently use rehearsal jn the verbal- young ai speakers Was approximately 15° and eve: 
a itory System to maintain Sequentia] Young children can localize auditory stimuli with 
timulus input, and this strategy has been Wwaaverage Til d ener af. $ Ee 


s arren, 1970, 
Ound to Improve Performance (Corballis, Tocedure, Each 5 was tested individually. in 
; Rundus &A kinson, 1970) ond, all four Experimental conditions, Order of the 


mpatible with the presentation Of Visual Sduare design. The S sat ata table Opposite E X 
muli, but is disrupted iy the pest. and faced the console, Instructions appropriate 


e n " t : € 
1968). In light of Crowder and Seven-item test series. Stimuli were presented in 
(1969) evidence for Precategorical Ore Perder: res d 1 
Oustic storage P D each series, two nonadjacent seria Positions 
ge ( AS), a gr ter recency Were probed. p, bes were made nonadjacent to 
€ auditory stimuli was pre- minimize any cuing effect the first. pro might 
ough e effect of modality have had on the reca] of the Second probed item. 
l n performance was f interest, Within each „condition, each serial Position was 
Specific predicti ons Were m ade Probed four times. No feedback as to correctness X 
9t response Was given, 
Wend Xperimental conditions and instructions There 
etho Were four experimenta] conditions picture presen- f i 
tion — picture recall Cue, picture Presentation — 


Subjects. Eight male and eight female under- i ii i i 
graduates at the University of Pittsburgh Served care El P nen eile 
in the experiment to fulfill a course ri uirement, recall cue, In each condition S was told that he 


.510 


auditory words Was expected and is con- 
Morton's (1969) 
ape of the serial 


position function with pictures is the same 


and auditory 


Could our results be 


d generalize 
determine this, 


an pictures were 
used as the Stimuli for Experiment TH. 


imuli were 135 Words, individually 
printed on 3 5 in white cards. ese words 
Were the labels of the objects and animals used in 


: Apparatus and Proceduye, 
Sole and. general Procedure 
periment J, i 


The same display con- 
were u as in Ex. 
item warm-y 


in lefi t-to-right 
one word evel 
Experimental 
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location of 
by pushing 


each stimulus item ar 
the button beneath h; nulus choice, 

warm-up ser ved to ac. 
odality of the i cue, 
he stimulus 
cues were 


'5 to respond 


Results and Discussion 


The number of correct respo; 


(out of 
four) at each of 


the seven seri. sitions 
was tabulated for each S, Thi scores 
Were subjected to 4 2X8x2 (Sex 
X Ss x Conditions X Serial tion) 
mixed analysis of variance with ited 
measures on the last two facto; The 
main effect of Serial position wa hly 


Significant, /° 


(6, 84) = 5.37, p 
he serial posi 


tion curve for the 
words is Presented in Figure 1. 
(.05) confidence intervals indicated 
Performance at Positions 1 and 2 was 
alent, and better than performanc. 
Positions 3-7. In Short, the Serial pos 
function indicated Primacy but no rece: 


)1. 
'al 
Té 
it 


e whether perform 
equivalent to that with visu 
the pictorial data from Exper 
were compared to the data fro; 
Experiment I. Specifically, a2xK2~x: 

7 (Sex x Conditions : Pictures from Ex 
Periment I ys, Experiment lI X Ss x Se 
rial Position) mixed factorial analysis of 
Variance with 


ance w 


was highly 
48, $ < .001. 


both Pictures and words 
showing marked 
No other main 
nteractions were Statistically 
Thus, the results of this com- 


Y 
n en 
the auditory p 
lc conditi 
he visual rd pre 
c nditio: ( 
el 


Eight male à eight female under- 
the Univers! f Pi ttsburgh served 
ent t fulfill a course requir ement. 
timuli for t igual ondition 
same printed that d been use 
sual word presen! tion — visua word reca 
cue condition. of Experime! The tape-recorde 
from the auditory sentation — auditory 
e condition © iment 1 se ved as the 
timuli in. the audito! d cont ition. NO stimu: 
used more tl e within ither of these 
ditions 


er 
eriments Ja y e ai 
S Each S wast n 2 four-itel n 
d 14 seven-ite t serie in eact 
condition: On every 4 timuli W 
in left-to right de! 
Expert ental itions and instructo 
two ex rimen' conditions vi 
$ tation — visual recall cue and à 
esentati on — audit ry recall EP 
instructions» specific ach ndition, 
hat in addition to any memory 9 
they ™ t wish t use, they ere to 
of imagery They we old to com 
a mental image f the object OF animal 
represent by ach stimulus (spoken 
w rd) and picture it wm correc! 
the consol prief pra ce session 
during whi Ss were to d, for example: 
a pia ii third Space a 
io. 


Apparatus and procedure: The same display con 


e used as 


in 


The spec fic instructions then give e identical 
to those same CO! ditions from Experiments 
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b < 05: Auditory words i 
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n in Figure 3, 
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When imagery instructions ; 


Performance with visual words i 


tory words did not differ: 7 
of correct responses produc. 
auditory presentation — audit 
condition from Experiment 
not significantly different (, 
that produced under the vis, 
sentation — visual word recall . 
from Experiment II (73%). 
clear that, relative to the no 
ditions, imagery instructions | 
Processing of the auditory w 
terfered with the processing of 
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percenta e i 
under the 
recall cue 
2%) was 
< 1) from 
vord pre- 
condition 
hus, it js 
sery con- 
tated the 
' and in- 
ul words, 


AND ( LUSIONS 

The results of these three exi nts pro- 

ide fairly clear evidence thi: a task 
requiring maintenance of seque | order, 
pictures produce better perf, e than 
words. That the shape of the position 
functions for both pictures and ! words 
Was essentially similar indicates the two 
Classes of stimuli are similarly i ed, but 
that. pictures, Per se, facilitate rmance 
relative to visual Words. Thes: igs do 
not support a simple hypothesi: victures 
to be remembered sequentially 1coded 
So'ely in the verbal-auditory , y, but 
rather indicate that the imagi: perties 
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attenu- 
nd C-form responders 


avoidance reinforce. 


In general, the Vs 
se topography than the Cs. The Vs 


5 showed 
à results were discussed in terms of response 
cesses during different i » Tesponse learning 


S, and possible differences between Vs and Cs in 
their classical conditionin, 


parameters, 


The present experiments 
examine the extent to whi 


function. De- 
eyeblink effectively attenu, attenuation 


as a 
dpoint during 


clas- 


endpoint is 
tion of reinforcement. con- 


orcement conditions, 
) n a recent experiment (Hellige, 1972; 
g been aware of the He lige & G nt, 1974), a ratio measure 
f response learning Processes (PUFAMPp/ AXAMP) Was u 
Itioning (e.g., Grant, 1939 
and in recen 


tracing the ch 


zINFORCEMENT PARADIGM 


ihe PUFAMP/ MAXAMP changes 


twee 

duri classical conditioning and during in- 
Strus ental avoidance training may have 
resuiced from the fact that, with classical 
rei cement, a response with a high 
pU AMP/ MAXAMP ratio would be re- 
q | for effective attenuation of corneal 
s lation by the airpuff, whereas with 
i imental avoidance training any Te- 


spouse, whether the PUFAMP/ MAXAMP 

high or low, would result in a complete 

or ission of the airpuff. Thus, with avoid- 

A asce training, the PUFAMP/MAXAMP 

ect of response topography was **bio- 

cally irrelevant” and would not þe ex- 

ted by Martin and Levey (1969) to 

inge in any systematic way during 
conditioning. 

> The foregoing interpretation of the Hel- 

;e- Grant (1974) findings had to be quali- 

od, because their classically conditioned 58 

-oceived airpuffs on every trial, whereas 

iheir SS conditioned with instrumental 

ıvoidance training received airpuffs only on 

-rials when no response was given. There- 

trends of the 

resulted from 


differences 1n the schedule of airpuff rein- 


forcements (cf. Grant, 1 i 
from the differences in the modes of rein- 
The present experiments elim- 


forcement. x c 
inate the confounding of intermittence © 


UCS reinforcement with the mode of rein- 
investiga- 


forcement and permit further i! 
tion of the development of the airpuff at- 


tenuation feature of the eyelid response 


topography: 
EXPERIMENT I 


ethod 


App : 
essentially identical osí 
and Grant (19 
examining 
He wore à headset that, 
which was coupled to 


conditioned stimulus (CS) con: 
the luminance of two 1 

from 1.5 mL. to 1.9 
The UCS, when given, was 9 n 

puff directed to the corner of S's right eye 
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CS-UCS interval was 500 msec. Intertrial inter- 
vals varied 15-35 sec. with a mean value of 25 sec. 
During avoidance training, any eyelid response o! 
1 mm. or greater that occurred between 200 and 
500 msec. after CS onset was defined as an avoid- 
ance response (AR) and caused 
omitted. During classical conditioning, 
similarly defined except that the scoring interval 
was extend 
Procedure. neutral instructions 
which asked them neither to aid nor inhibit their 
natural eyelid responses. Following these instruc- 
tions, Ss in the classically conditioned (CL) group 
received 100 classically reinforced pairings of the 
CS and UCS; Ss in the avoidance conditioned 
(AV) group received 100 trials of instrumental 
avoidance conditioning during which an AR cause! 
the UCS to i 
group received 100 trials of intermittent classical 
reinforcement. 
a schedule of i 
corresponded exactly 
by a corresponding S in the AV group; that is, 
such yoked pairs of Ss received the exact same 
of pufi-delivered and puff-omitted trials. 
Finally, all 5s received 20 trials on which the UCS 
delivered 2.5 sec. after the onset of 
the CS, which might be expected to delay extinc- 
without i conditioning 
(McAllister, 1953). At the conclusion of the ex- 


was always 


give their general impressions o! the 
if they thought that their 
eyelid responses were voluntary Or involuntary, 
and (c) to tell whether they at any time thought 
that their behavior could cause the UCS to be 


omitted. 
Subjects. The Ss were 24 men and 48 women 


student volunteers from introductory psychology 
courses at the University of Wisconsin— adison. 
e assigned randomly to the three treat- 
ment groups until it became necessary to balance 


for sex. 


Results and Discussion 


Response topography. Using the Hart- 
man-Ross (1961) response slope criterion, 
each S was classified as a V or a C in terms 
of his predominant eyelid response to- 
pography. (The mean of the first time de- 
rivatives of the first five unconditioned 
responses Was computed for each S and 
multiplied by .35 to determine à critical 
value. Any CR for which the first time 
derivative exceeded the critical value was 
classified as a V-form CR. If more than 


EU E EE 


fewer than 0.5% 


3 During classical conditioning, 
500 and 540 msec. 


of the CRs had latencies between 
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Presented in 

€ ratios are Plotteg for 
trial blocks o, acquisition. 

The data of the Vs are shown in the 

Panel anq those 


UF. MP/MAx P ratiog 
uisi, igure 1 ang the F tests of Table 1 show 
lly condi- at the Tesponses of the Vs ave signif 
diti, X 3 z 
€ Parameter, Sondi duc Ay ate cantly better Puff-attenuating topograPhies 
Are presented jn the uppe nd |, Panels, than the Tesponses of the Cs. p urth 
ESpectively, ) X although th 


ermore, 
© responses of the Cs h 


REINFORCEMENT PARADIGM AND 


TABLE 1 


SUMMARIES OF ANALYSES OF VARIANCE OF PUFAMP /MAXAMP AND 
RESPONSE FREQUENCY "MEASURES IN EXPERIMENT Í 


SHAPING OF EYELID 


CR TOPOGRAPHY S17 


PUFAMP/ MAXAMP Response frequency 
Source of variation 
df F df F 

f reinforcement (R) 2 7.46** 2 299% 
lassification of Ss (v-C) 1 At 1 42.80^* 

V-C 2 20.04*** 2 4,03* 

chin R X V-C (error mean square), 66 (.075) 66 (2,581.22) 
ssive trial blocks (B) 4 .60*** 9 1548r 
B 8 4.53*** 18 3,80*** 

MEOS 4 2.69*** 9 1.16 

V-C XB 8 2.02* 18 1.21 

; B within R X V-C (error mean square) 264 (.019) 594 (259.43) 


Harmonic M of Ns = 11258. 


PP gressive improvement in their puff-atten- 


AXAMP 


y; iios of the Vs increase with reinforcement. 


in the ratios of the Vs were 


ment. li 
between the Vs and Cs produced the signifi- 


cant V-C interactions, F (4 
and F (8, 264) 
yses of the linear 
creases in the 


during acquisition 
creases Were statistically sig 


the Vs in the CL an roups ,15 
251.22 and F (1, 10) = 0.33. When the 
f the AV and 


pUFAMP AMP ratio In e 
roups Were significantly greater than those 
of the AV groups 10 th (1, 29) 


r the Vs, 
025. Thus, Hellige and Grant 


(1974) Were probably correct in implicating 
the avoidance mode of reinforcement rather 


than the intermittence of airpu 


learned. However, 
avoidance conditioning the puff -attenuation 
properties of response topography need not 
be learned. 
The differences in intragroup variability 
of the PUFAMP/ MAXAMP ratio are also 
consistent with the Hellige-Grant (1974) 
interpretations of the processes that occur 
during classical and avoidance reinforce- 
ment. As noted earlier, instrumental avoid- 
ance training did not make any particular 
ponse topography "biologically signifi- 
anticipatory response, 
would trigger the 
UCS omission circuitry. In contrast, the 
response topographies learned during con- 
tinuous Or intermittent 
classical reinforcement should converge on 
a common endpoint topography that would 
be efficient in attenuating the airpuff 
stimulation. Thus, the between-Ss' vari- 
ability in the PUFAMP/ MAXAMP ratio 
would be expected to be greater following 
avoidance training than following classical 
training. Confirming this expectation, Hel- 
lige and Grant found significantly higher 
error variances in the ratios of the groups 
receiving avoidance training than in the 
ratios of the groups receiving classical train- 
ing. In the present experiment, the same 
result was obtained, as significantly higher 
error vatiances Were obtained in the A 
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groups, .021 for Vs and .022 for Cs, than in 

100.0 the CL groups, .012 for Vs and .008 for © i 
Thus, all of the findings of the present =x. 
periment on changes in the PUFA) / 
MAXAMP ratio for Vs and the varia! ty 
of the PUFAMP/MAXAMP ratio for |. +h 
Vs and Cs support the notion that it is le 
nature of avoidance training and no e 
intermittence of classical reinforcement. r. IN 
ing avoidance training that accounts fo 
absence of clear-cut and consistent cha 
in response topography during instrume; 
avoidance training. 
*——9 CL.N-15 Response frequency. The data on 
quency of responding during Successive ! 
æ-—e AV.N=8 trial training blocks produced one surpris 
Outcome. Figure 2 shows the percentag« $ 
4---4 YK,N=11 responses given during each of the suc ~ 
sive 10-trial blocks of acquisition with U s 
reinforcement condition (CL, AV, YK) qe 
the parameter. The data of Vs and Cs 
shown in the upper and lower panels, 
spectively, The analysis of variance 
these data is summarized in Table 1, 

In three Tespects these data are simil. 
to those reported by earlier investigator 
The Vs gave significantly more respons: 
than the Cs, F (1, 66) — 42.89, and Com. "^4 
pared with avoidance and intermitten: 
yoked reinforcement, classical reinforce- 
ment produced significantly more respond- 
ing, F (2, 66) = 9.29. Also the rate of in- 
crease in responding during acquisition was 
significantly greater with classica] reinforce- 
ment, F (18, 584) = 3.89. The surprising 
result was that Whereas Cs given avoidance x 
training responded at a higher rate than 


PERCENT RESPONSES 


PERCENT RESPONSES 


Gormezano (1961) and Gormezano (1965), 
the reverse was true of the Vs, This re- 
sulted ina significant Response Topography 

X Mode of Reinforcement interaction, F 
(2, 66) = 4.03, p < .025. The yoked Vs is 
Save more CRs than the avoidance Vs, and 
onses during each suc. there appeared to be an extinction trend in 
lock of acquisition with mode of the data of the yoked Vs. This extinction © 
; tendency was statistically significant as 

re i Shown by the si nificant quadrati s 
upper and lower panels, respectively.) Sg nent of uc eum. was pu a 

% s : Vs, F (1, 10) = 10.21, p < .01, 


oe eS TE T. S 


The extinction trend of the Vs can be 
accounted for as follows. During the first 
half of the training trials, the yoked Vs 
and Cs received a high frequency of inter- 
mittent classical reinforcement, which pro- 
duced good acquisition in the Vs but poor 
icquisition in the Cs. In the last half of 
he acquisition training, the yoked Vs and 
Cs were receiving only about 30%-50% 
intermittent classical reinforcement, which 

ould have accounted for the extinction 
rend in the data of the Vs. The extinction 
rial data were conventional and will not 
»e reported. 
Questionnaire results. Only one of the 24 
's in the initial AV group reported postex- 
erimentally that an eyelid response would 
‘use omission of the airpuff. This S's data 
» were not analyzed but were replaced by 
data from another S. The one S who rec- 
ognized the contingency between the eyelid 
response and airpuff omission was the only 
one of 184 Ss in this and in our past experi- 
ments who was able to report this particular 
contingency (Hellige & Grant, 1974). 


EXPERIMENT II 


Experiment Il was designed to throw 
some light on the surprising finding that the 
yoked Vs responded more frequently than 
the Vs given instrumental avoidance train- 
ing. One possible explanation of this re- 
sult is that the Vs have a higher classical 
conditioning acquisition parameter than the 
Cs (e.g., Gormezano, 1965; Grant, 1972). 
Because the UCS is given relatively fre- 
quently on the early training trials in the 
yoked groups, Ss with a rapid acquisition 
parameter (Vs) may approach asymptotic 
performance before the percentage of air- 
puff reinforcement falls off. Such Ss may 
require only an occasional airpuff to sustain 
the response rate at a reasonably high level. 
The Cs, with their lower classical condition- 
ing parameter, may not receive enough clas- 
sical reinforcement for CR acquisition to 
take place before the percentage of UCS 
reinforcement decreases markedly. There- 
fore, they may remain at a low response 
rate throughout acquisition. 

Experiment ll included an AV treat- 
ment group and a YK treatment group 
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as in Experiment I. In addition, another 
treatment was included in which Ss re- 
ceived intermittent classical reinforcements 
with the omissions distributed approxi- 
mately evenly throughout the training 
trials (Group YKE). Each S given the 
YKE treatment received the same number 
of classical reinforcements as a counterpart 
S in the YK group. The only difference 
between the YKE and YK groups was that 
in the former group the reinforcements were 
spaced evenly throughout the experiment, 
whereas in the latter group most of the clas- 
sical reinforcements were given early in the 
experiment, and the rate of intermittent 
reinforcement then dropped off as their 
avoidance counterparts increased their re- 
sponse rate and hence the rate of puff omis- 
sion. If Vs and Cs differ in the manner de- 
scribed above, the Vs would be expected to 
have a higher response rate in the YK treat- 
ment than in the YKE treatment, and the 
Cs would be expected to have a higher re- 
sponse rate in the YKE treatment than in 
the YK treatment. Experiment II was 
also designed to provide additional infor- 
mation about the PUFAM P/MAXAMP 
trends during acquisition, but the data that 
were obtained were essentially identical to 
those obtained in Experiment I, so that 
they need not be reported. 


Method 


Apparatus. The apparatus and laboratory were 
identical with those of Experiment L 

Procedure. The procedures used in the AV group 
and the YK group were identical to the procedures 
used in Experiment I. The Ss in the AV group 
received 100 trials of instrumental avoidance con- 
ditioning, where an anticipatory eyelid response 
caused omission of the airpuff reinforcement. 
Each S in the YK group received a sequence of 
classical intermittent reinforcement identical to. 
that of an S in the AV group. Each S in the 
YKE group received the same number of classical 
reinforcements as an S in the AV group, but the 
sequence of puff-no puff trials was determined by 
omitting the appropriate number of airpuffs ran- 
domly in a sequence with the restriction that ap- 
proximately equal numbers of airpuffs be omitted 
during each 10-trial block. 

Subjects. Seven men and 13 women from the 
same population as Experiment I were randomly 
assigned to each reinforcement group, until it 
became necessary to balance for sex. 


TEN-TRIAL BLOCKS 


M ricus 3. Percent responses d 
cessive 10-trial block of Acquisition with mode of 
reinforcement (avoidance. conditioned, AV; yoked 
YK; yoked evenly, YKE) as the Parameter, (TI 'he 


data of Vs and Cs e in the u 
anels, respectively.) SE and lower 


uring each suc- 


. JOSEPH B. HELLIGE AND DAVID A. GRANT 


Results and Discussion 


E Each S was classified 


asa Vora C, as. 
in Experiment ]. Whether an $. ‘8 yoked 
to Ss of the same or differe: esponse 
ification did n nteract 2 
les, so that the t of all 
gnoring this re! ^nship, 
ency. Figure 3 s the 
percentage of responses given di each 
of the successive 10-trial blocks o: juisi- 
tion with the reinforcement condit AV; 
7 and YKE) as the paramet: The 
are in the upper panel the 
in the lower pane lhe 
overall analysis of Variance was not ic- 
ightening and will not | re- 
sented. Rather, attention will be di d 
to the specific questions which mo: ed * 


Experiment II. 


First of all, Figure 3 shows that, 
Experiment I, the yoked Vs gave 


* Was statisti 
nt, F (1, 84) = 7.89, p 


Y responsive to the Schedule a, 
nt. 


lower response frequen 


treatment for Cs. However, the YK- 
YKE x v.c interaction Was not statisti- 


cally significant, ! AR 36) = 2.97, 05 <p 
X .10. although some Support is 
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. ment drops off in the second half of the 
experiment, the hypothesized effects were 
not large. 

Finally, it should be reported that the 
error mean squares for the PUFAMP/ 
MAXAMP ratios were .031; .028, and .028 
for the Cs in the AV, YK, and YKE groups, 
espectively, and the corresponding error 
mean squares for Vs were .17 (based on 3 
Ss), .023, and .030. There were no statis- 
ically significant differences in error vari- 
aces as a function of reinforcement groups, 

ut all of the error terms were considerably 

rger than the corresponding error terms 

» the groups receiving continuous classical 

inforcement in Experiment I. These data 

‘e consistent with the interpretations re- 
sorted in discussing the results of Exper- 
iment I. 

As in the Hellige-Grant (1974) experi- 
ment, none of the Ss receiving avoidance 
reinforcement were able to report that 
their responses caused omission of the 
UCS. 


GENERAL DISCUSSION 


The need for investigation of changes in con- 
ditioned response topography Was foreshad- 
owed by numerous earlier investigations (e.g. 
Boneau, 1958; Gormezano, 1972; Grant, 1939; 
Prokasy, 1965; Spence, 1956), and the advisa- 
bility of such research has been recently under- 
lined by Martin and Levey (Levey & Martin, 
1974; Martin & Levey, 1969). The use of the 
PUFAMP/MAXAMP ratio as a composite 
indicant of the degree to which CR topography 
was effective in attenuating the corneal stim- 
ulation of the airpuff UCS proved valuable in 
demonstrating that Vs and Cs differ consider- 
ably in the degree to which they learn an effec- 
tive puff-avoidant response topography. The 
superiority of Vs over Cs in this respect pro- 
vides further evidence that the Vs either have 
more information-processing capacity than the 
Cs or that their information processing 1s more 
active during the conditioning experiment. 
Heretofore, the more effective processing of the 


Vs had been demonstrated in the context of 


ocessing information contained in the condi- 
toad 54 1973). The 


tioned stimuli (Grant, 1972, 
present experiments show (a) that the Vs are 
also more active in learning more effective 
response codes as well, and (b) that developing 


such codes depends upon the mode of rein- à 
forcement, 

The present experiments also provide evi- 
dence that during classical conditioning an in- 
termittent schedule of airpuff reinforcement 
does not have the same disruptive effect on the 
response rate of the Vs as it does on the re- 
sponse rate of the Cs, The surprising finding 
that instrumental avoidance reinforcement pro- 
duces less responding than yoked intermittent 
classical reinforcement in the Vs is consistent 
with earlier reports (Grant, 1972) that Vs, as 
compared with Cs, have a more positive or ex- 
citatory response bias and are relatively more 
resistant to extinction. In general, the present 
results again indicate the necessity of separat- 
ing the data of Vs and Cs in the analysis of 
eyelid conditioning experiments. Such separa- 
tion of the data of Vs and Cs may be critically: 
important in the future investigation of re- 
sponse-learning processes. 
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SEPARATION OF STORAGE AND RETRIEVAL PROCESSES IN RECALL OF PROSE * 


JEROME R. SEHULSTER, JOHN P. McLAUGHLIN,? AND JAMES H. CROUSE 


University of Delaware 


Input orders and output orders of four stories assembled. into a passage were 
systematically varied to study the primacy effect in prose free recall. Recall 
was high for all first. input stories regardless of output position and high for 
all first output stories regardless of input position. Recall for fourth input 
story was low with the interpolated recall of even one story. The results 
imply that proactive interference may affect the nature of retrieval cues in 
memory. In addition, output interference generated during the recall task 
may hinder recall. This interference seemed to affect recall of later input 


stories. 


effect in the free recall of prose ma- assembled into four passages such that each story 


vials was observed by Sehulster and Crouse (1972). appeared once in each of the four possible serial 


their Ss recalled significantly more positions. Passages were typed on a single sheet 


‘ouns from the first quarter of a passage than any of paper with only the first line of the 


When, however, for other Ss, ques- indented and no breaks between the stories. 


tions were provided to elicit recall of the same nouns, For question-recall conditions, 24 fill-in questions 
ater total number of nouns were recalled, but were constructed. Each question could be answered 
no consistent serial effects were observed. unambiguously by one fact from the pass: 
That Ss in the question-recall condition were Cue mode and recall mode were com 


ble to retrieve information which seemed inaccessi- torially. For cue mode, cues were prese 


ggested that questions act tion (Q) and not in free (F) recall. 


as retrieval cues (cf. Tulving & Pearlstone, 1966). mode, recall was required in total (T 


Since differences 1n recall were confined to the later : l, 

s of the passage, sufficient cues for retrieval of the factual information of the passage 
first portion of the passage must have been single sheet of paper in any order desired. 
recall, the 24 questions were arranged in a random 
order on à page; in FT recall, blank lines were 


Is the primacy effect determined by factors OP- in 
i il. These T recall conditions were 


ring the storage of the beginning of the presented for recall. ! 1 
Murdock (1962), for example, has sug- similar to those described in Sehulster and Crouse 


hat the primacy effect is the result of (1972). In P recall, S was required to recal 


material store : 
On the other hand, is the effect the result procedure i$ analogous to the cued partial recall 


(P) In T recall, 5 was allowed to complete recall 


d in the absence of proactive inter- formation from only one story at a time. 


at work during retrieval? It has been technique. (Dong, 1969) For QP 


shown that tl 


the recall of sı € € 
& Arbuckle, 1963). It was impossible to tell from questions before turning a page and encountering 


the Sehulster and Crouse (1972) study, since Ss questions from another story. In FP recall, 5 was 


ecall at the beginning of the passage and required to recall all factual information from one 


and free-recall con 


constructed. 
cernible facts, 


fact was place! in the con 
formed by the character. 


pc E d 


MH-16909 


f Psychology, University of Delaware, ‘Newark, 
Delaware 19711. 


he recall of items ma 


y interfere with presented with the six questions answere! 


ubsequent items (Dong, 1969; Tulving six facts from one story. An S completed these 


d the sequential order. The plan of story before turning to the next page and recalling 
udy, then, was to vary independently facts from another story. Recall order for FP was 
d output order of information for constrained by giving the character's name às à cue. 


ditions There were four recall orders used in these P recall 


The Ss were 192 students from Basic conditions. These orders were constructe 
that stories from each serial position in the passage 


+ biographical stories of about 55 words were recalled in each of the possible output serial 


e.g. names of places and dat : 
person described in the story. Each design. 


rt by U. S. Public Health 


was supported 


583 


Each contained six dis- positions. Each of the four passages was rea! 
es, about 48 Ss who were distributed equally in the 2 X 228 


text of an action per- The Ss were run in groups of about 20. The 
The four stories were materials were combined into booklets w 
distributed at the beginning of the exp 
e session. All conditions of recall were represented 
PO the third author. à in each session. General verbal instructions empha- 
For reprints should be sent to John P. McLaughlin, sized study of the factual information in the pas- 
sage. The Ss were informed that they would be 


FIGURE 1, 
func 


required to recall these facts Írom memory at some 
later time, though 
task was not stated, 


mode was not significant. 
Mean recall for the first sto; 
Seemed greater than that of the fi 
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Mean level of recall of facts for four recall conditions asa 


The interaction of cue mode and recall 


SHORT REPORTS 


INPUT POSITION 


tion of serial position of a story within passage, 

was confirmed by a significant main effect of 
Position, F (3, 564) 
Newman-Keuls tests between those positio: 
ps « .01). 
Serial Position interaction was significant, F (3, 
appro: 
When analyzed Separately, New: 


recall groups tho 
free-recall groups were significant at the .01 | 
These data replicated the earlier study (Sehu! 


which 


recall among the four input serial positions for 
This result was confirmed 
QP recall group by the Latin square analysis 
In addition, there were no significant 
mean level of recall among the four 
output positions, 
The FP recall 
These 


: was, however, an overall effect for output position, 
ry in the ge F (3, 132) = 5.71, p < .01. Recall seemed higher 
nal story. This for the first story recalled than for the last story 


B 
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FIGURE 2- Partial free recall: Mean level of recall of facts for stories from the 
four input positions as a function of output. position. 


recalled. As show in an earlier analysis; there 
„ Glanzer & Cunitz, 1966) or may be 


Jess subject to output interference (e£ 
Arbuckle, 1963). Information from the 


input positions t the first or second output position. 
At the third output position, there were significant put story till be in a short-term store at the 
differences; VAM) e 9-9 p Newman: set of i. It may e recalled directly from 


Conversely, it has been suggested that outpu 
more strongly om this Jater-input 


here were also significant differences material (Tulving & Arbuckle, 1966). 
i The question-recall data indicate, however, that 


ng the levels of recall for input positions at the 
fourth output posi jon, t 26315 € Qi. all information was, in fact, processed equally and 
Keuls test indicated that the recall stored in memory. The apparent loss of informa- 


the fourth input story in free recall must 


05) and from have been due to the failure of retrieval cues and 


i d 
fourth input positions (p< 01). not to a failure of storage of facts or items. Ques- 
Discussion ust as reported earlier (Sehulster 2 tions seemed to have reinstated these cues. 
estion condi- What can account for the loss of these retrieval 
V 


Crouse, 1972), 58 recalled. more in que 0 
: The major new ind- cues? Factors producing output interference May 


tion of input and output posit i pus 

F recall, first input stories retrieve early information, the set for the retrieval 
itions, of later information becomes confused. Conversely 
that the organization of early sets ii 
The primacy € ect storage is more stable than the organization € 
to be a later sets. ]t is possible that proactive interference 
rder of recall and the order of not for the storage of items but for the organizatic 
first input and storage of sets of retrieval cues, affects the ! 


d, and so On: sistance to output interference. 
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TOTAL PRESENTATION TIME AND TOTAL LEARN NG TIME IN 
CONNECTED DISCOURSE LEARNING 


DAVID J. KING: 
State University of New York College at Oswego 


* 
Xposure interval, inter- 


how constructed, a 
imilar total learning time, Except 
presentation times, variations in tota] presentation time 


t, if any, on tota] learning time, he position of the 
total time hypothesis in urse was somewhat 


the learning of connected disco, 
Strengthened, 


hip between total 
l learning ti 


test trial but not on subsequent trials, Support 
the total time h 


'ypothesis seems equivocal, 


m of the question , 

60) of a lin 
the number of we; 
i idence, repo, y 
egatively accelerated functi 


of TPT (when ‘TPT was increased by adding iter 


or decreasing Tate). 
The third stu 


ions have been 
hree prior studies 
Two of these 


e Connected discourse, E 
ralizing from In this study the learning material, a two-sen- 

Tee recall of unconnected material to the Present tence Passage of 25 words, was Prepared on 16-mm 
task, the al ve-mentioned two studies are sugges- Im. e film was repared according to a general 
tive enough to merit examination, Roberts (1972) 3 X 4 factoria] design The two dimensions wer. " 
las Teported a single-tria] free-reca]] study where exposure interval and interitem interval, Exposure 
four list le ths Were combined with five rates of interval Was manipulated by having each word ap- 
resentation, Conditions equated for TPT did not Pear once, twice, or three times (on successive frames 

ult in equal amounts of learning, Postman and of the film). Manipulation of the interitem interval 

arren (1972) Suggested that some procedural con- was done by Varying the number of blank frames (0, 

Tons may have accounted for the negative results » 2, or 3) between each word (or series of the same 
eported by Roberts, Ina series of three Study-test Word). A motion analysis projector was used to C 
'ee-recall trials, Postman and Warren found Sup- project the materia] at 
ort for the tota] time hypothesis for the first study- m was exposed for .2 Sec. The result 

f this 

ERES UM : 3 oi ...5 Procedure gaye the general 3 X 4 factoria] 
partment oF ro POY at URB Reed King, design where TPT (the exposure interval 


each word presented once with no blanks) to 
;c. (each word presented three times with three 
frames between each set of words). The Ss, 
males and tested in each 
he 12 cells of the above design. 
fhe primary interest of the above study was an 
luation of the total time hypothesis in the Jearn- 
of connected discourse. TLT 
ta showed no significance for either the exposure 
the interitem interval (although there wasa signif- 


is seemed to support the total time hypothesis. 
oser examination of the interaction effect, how- 


ita) suggested that the best interpretation involv 

;e relationship between 

x iere appeared to be a u-shaped function relating 

resentation time and learning time. The present 
udy isa systematic replication of the above design. 
Method, The present study was an exact replica- 


ion of the above-described study with respect to 


'arning material, experimental design, and depen- 
i lent variable measures. e- 
| N ¿ween the present and the prior study was in the 

exposure time for each frame of the film. 
ent report is actually of two experiments. 
experiment x^x2 design as used 


before (exposure and interitem interval 
but using .9 sec: as the time per frame rather than 


2 sec. The second experiment was also identical 
with the above 
The Ss were randomized with 
jr these two experiments. , i 


each experimen 

Results and discussion. Table 1 presents 
TLT for the .3 and 4 sec/frame conditions p!u 
data on the 2 sec/frame conditions as previously 
reported. The appropriate analyses of variance were 
ed on the data for each time per frame con- 


the . 

tions was absence of an interaction 
tween exposure and interitem interval in the slower 
i It will be recalled that with n .2-sec- 
iti is i i canceling out 

condition this interaction effect was can D 
n in effects. The lack of this interaction 
may require 


longer time conditions 


a different interpretation. 7 

i called that the previous study SUg- 
gested that the crucial determinant of TLT was the 
TPT. Overall similarities between the .2-sec. CON- 
dition and the 3- and - conditions suggest a 
continuation ©) ii this relationship: 


If one calculates 


ation time for all 


exposure and inter 
3 rate conditions, 
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the times will range 


also calculate th: 
Examina 
f th 
f exposure, interitem 


tions. 


shows that 9 o! 
combinations O! 
oduce the same 
ditions that h 
rate both th 


rate that pr 
there are 3 con 


Thus, at the .2-sec. 


terval and zero- 
exposure interval 
tions, produce a 
rate condition t 
interitem interva 
e primary 
hould 
3 conditions 
TPT. For 


TPT. If th 
then there s! 
the above 


the same 


were examin 
ng CO! 
different ways, 
PT three ways, 
ways, 


the followi 
ed five 
22.5-sec. T! 


30-sec. TPT seven 


40-sec. TPT th 
Each of t 
x 


cant difference 
of producing 
and two intera 
the .05 level). 
given TPT, ho 


INFLUENCE, OF 
Mean TOTAL 


at there 
tion of these 1 


nteri 
1 and one-interite! 
TPT of 10 sec., W 
he one-exposure interval and zero- 
] condition also produces à 10-sec. 
TLT is TPT, 
difference among 
ds) of producing 
all 9 conditions 
sec. condition, 
TPT com- 
TPT five ways 
25-sec. TPT two ways, 
37,5-sec. TPT two ways, 
nd 50-sec. TPT 


be no si 


item interv; 
it can easily 
from 5 sec. to 60 sec. 
different T 


com 


ed. Inaddition t 


ditions existed: 


ree ways, à! 
9 different 
Sex ANOVA ( 
a given 
of the 9 analyses 


are 13 


determina 
ignificant 
(or methot 


TPT. 


tem interval, as 


pleteness, 


15- 
-sec. 


nt of 


o the 10- 


al conditions over the 
be determined that 
One may 
PT condi- 
3 TPT conditions 


ese conditions have two or more 


intervals, 


For example, 
ave a TPT of 10 sec. 
e two-exposure in- 
well as the one- 
m interval condi- 
hile at the .4-sec. 


sec. 


(and that at the .05 level) for m 


TPT, There were a few sex 
ctions of significance 


The overall result w: 


EXPOSU! 
LEAR! 


NI 


TABLE ! 


RE AND INTERITEM IN 
FOR THREE 


InG TIME 
PRESENTATION 


(all but one at 
Fora 
w that time was arrived at (how many 


as clear. 


two ways. 
subjected 


TERVALS ON 
RATES OF 


587 


an 


Exposure interval 


Interitem. EM cs 
inter f | ; | e X 
2 sec. per frame 
0 618 308 344 453 
1 512 390 339 414 : 
2 352 4 402 406 ? 
3 303 324 546 391 
X 446 394 408 
qo SM RR Kops ae 
„3 sec. per frame 
o AMT 434 319 400 ; 
1 465 337 398 400 
2 403 307 330 317 / 
3 465 459 488 471 2 
X 445 407 384 . 
4 sec, per frame 
0 365 377 381 374 
1 407 244 359 331 
2 A19 289 332 347 
3 344 336 449 a" 
xX 384 B" 380 
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FIGURE 1. Mean total learning time (TLT) asa function of Variations in total 
Presentation time (TPT) for the three rates of Presentation, 


y interitem intervals, findings, however, the present results support 
at rate of presentation) did not significantly in- tota] tj i 
fluence the TET 


earning is carried 
complete mastery, Th i 

While the above ana : 

nce of a 


& 
o 
S. 
S 
z 
z 
g 
= 
8 
8 


ate of 
aped relationship between pre- 


ing time seemed clear, However, 


"SeC. rate of 


ion time on learning time. Of 
Course, neither finding i 
thered and is 


ing 15 consistent with the fi ndings 
of Roberts (1972) or Murdock (1960 - Again, con- 


A ld the TPT be extended to 
was absurd engths, the TLT would increase, 
nte; 
in agreement REFERENCES 
udy-test recall data btained 


ol b: 
Warren (1972).- Unlike the Post 


King, D. J, Influence of exposure and interitem interval on the 
learning of connected discourse, Journal of Experi " 
Psychology, 1973, 95. asa ow Y Eeberimenia 


ck, B, B. The immediate retention of unrelated words. 
ock, BB perimental Psychology, 1960, 00, prr 
Logics 5 eat of Ex holog: 
ree-r earning. Jour’ i 

2, 96, 176-183. al ef, pers LUDUM 
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SELECTIVE BACKWARD 


University of. Waterloo, 


whether a letter row would or would 


results showed a 
letters, selective masking canno! 
strategies under m: 


Recent experiments have shown that backward 


‘ttern masking of briefly presented 
selective effect upon recall accuracy 2 
lerikle, 1973; Henderson & Park, 1973; Merikle 


, 1972; Merikle, Coltheart, 


n the cue as to W ich letter to report is 


ediately after the presentation © a 
ing produces à 


of an ends: D 
such that, in general, the processing 
i co 


n ivi ci 
While select e indi ti tha 
e normally pro- 


APA-231 from the 
Reitz and Kathy 
collection and tabulation of 
sent to Philip M, Merikle, 
of Waterloo, Waterloo, 
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MASKING WITH AN UNPREDICTABLE MASK * 


PHILIP M. MERIKLE? 
Waterloo, Ontario, Canada 


Rows of seven random letters were presented foi 


either a patterned mask or a blank white field. 
not be followed by the mask. 


selective masking effect, greater masking of cen 
t be attributed to the use of different processing 


ask and no mask conditions. 


Roberts, W. A: Free recall of word lists varying in length and 
rate of presentation: A. test of total-time hy thesis. 3 
Tate ot prherimental Psychology, 1912, 92, Hm 


(Received November 16, 1973) 


r 100 msec. and followed by 
The Ss could not anticipate 
Since the 
ter than end 


masking (Butler & Merikle, 1973; Henderson & 
Park, 1973; Lowe, 1972; Merikle & Coltheart, 1972; 
Merikle et al, 1971) have used either between-Ss 
blocked presentations of mask and no 
mask conditions, it is possible to attribute selective 
masking to the use of a different processing strategy 
under mask and no-mask conditions. Thus selective 
masking may not indicate a basic way in which 
letter rows are processed but only that letter rows 
cessed differently under mask and no-mask 
One way to ensure that initial proces- 
sing is the same under mask and no-mask conditions 
is to evaluate masking effects bya within-Ss design 
so that on each presentation of a letter row, S does 
not know whether it will or will not be followed by 
the masking stimulus. In this situation, it seems 
reasonable to assume that Ss will use the same 
initial processing strategy for both mask and no- 
mask conditions. selective masking effect is 
still obtained, selective masking cannot be due to 
the use of different processing strategies under mask 
and no-mask conditions. 

Method. Theset of 105 sequences of seven random 
letters was the same as previously described by 
Merikle and Coltheart (1972). When presented by 
the tachistoscope, each sequence subtended a visual 
angle of approximately 2.849 x 44°, All Ss were 

resented this set of 105 sequences twice, for a total 
of 210 trials. The order in which the sequences 
were presented was the same for each S, but the 
position probed on each trial was counterbalanced 
so that across seven Ss each letter in each position 
was probed twice. For each S, the seven positions 
were probed equally often (30), and the order in” 
which the probes were presented was random within. 
the restriction that each position was probed once 
in each block of 7 trials, In addition, the counter- 
balancing procedure ensured that a different position 
was probed on each presentation of a letter sequence 


to each S 


-digit prot he digits 
a letter sego: ico, The 
e voice an. ch digit 
The Ss we: tructed — - 
as correspo. g to the — 
at the “1” p was for 
report of the leftmost letter and the ' vas for 
The 14 Ss were male undergraduates : Uni- 
. Participation in : xperi- 
part of a course requireme; B 
discussion. The data are su rized 
hich shows the position fun. s for 
conditions in terr; the 
ect identifications at ¢ osi- 
ch 5 were determined by ing 
the 15 sequences probed { ich 
€ mask and no-mask co, "ns, 
X 7 ana of 
position. 
t can be sc at 
sk conditio: in 
ask condition, F (1, 13) = 4, mA 
; Position in Display P «.001. The data in Figure 1 also show th ice 
curacy across position under both conditions howed 
fov 1. Mean pee inf f recall for mask and no-mask the same general W-shaped function reporte. in 
previous partial report studies (eig, Averba,; & 
Coriell, 1961; Butler & Merikle, 1973; Habe- & 


these changes in accuracy across position led 
Significant main effect of position, F (6, 78) = 1; 
b< 


AA 1969; Merikle et al., 1971; Miller, 1: 


e The most important aspect of the data preser 
in Figure 1 is that the effect of the m; 
was selective, That is, 


letter in n reported in previous studies inv. 
Were instructed tọ — 55 designs (Butler & Merikle, 197 
owing à 400-msec, 


olving betwe: 

3; Henderson 
Park, 1973; Lowe, 1972; Merikle & Coltheart, 19 
Merikle et al., 1971), Thus, it does 


not appear th 


use of different processin, 
ànd no-mask conditions, 


tation woul certainly be plausible if all eviden 
for selective backward masking only came fro 


the selective masking effect is attributable to the 
E strategies under mask 


studies employing Partial report techniques which 


it indicates that a similar selective Ni 
is found in a within-S design as has 


en- 

& 
72; 
hat 


> 


the use of spatial informati 
t (e.g, bar markers, digit probes; 
been shown that selective masking 
conditions where information con 
| location of a letter is not ed | 
. Selective masking is readily 
full-report procedures where Ss. 
red to report as letters as poss 
et al., 1971) and in studies where 
‘ed by detection te 


is measur’ 
simply to indicate whether or n 


appeared in a row (Butler, 
71) Given that selective T 
that do not require. 

it 
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STRUCTURAL EFFECTS OF IDENTICAL ELEMENTS AMONG STIMULI 
WITH MEANINGFUL UNITS! 


WILLARD N. RUNQUIST : 
University of Alberta, Edmonton, Alberta, Canada 


In two paired-associate experiments, one using word triads and the other 
symbol tríads as stimuli, it was shown that the complexity of the pattern of 
identical elements had large effects on performance. This result shows that 
the failure of structure to have an effect with single words is not due to 
meaning. The critical variable would appear to be whether the elements 
of the stimuli are processed separately or not. 


Several experiments have been concerned with into discrete parts, whether those parts are m 
interference produced by letter identity (formal ingful or not. 

similarity) among stimuli in paired-associate learn- 
ng (Runquist, 1970, 1973). When the stimuli are 
consonant trigrams, interference depends heavily 
on the particular structure of the stimulus set. In Experiment I, the stimuli consisted of three 
or example, when all stimuli share the same two one-syllable nouns. In Experiment Il, they ce 
letters in the same positions, very little inter-  sisted of three familiar symbols (e.g., triangle, 
erence occurs. On the other hand, if the shared circle, plus sign, peace symbol, star, etc.). Re- 
letters occupy different positions in each stimulus, sponse terms were two-syllable ad e5. Within 
performance is seriously disrupted. When words experiment, there were thre group In 
are used as stimuli, however, structure (element Group LS (low similarity), 18 different units wer. 

i ordering) has little effect. In fact, more inter- — used to construct the stimuli so that no unit ay 
in more than one stimulus. In the othe 


shared letters in the 
itions vary. groups, two high similarity (HS) lists each used 
8 units. In the simple structure list (Group HS-S), 
the first and third units were identical for all 
stimuli, with the middle unit different for each, [4 
In the complex Structure list (Group HS-C), the 
ordering of elements formed a complicated pattern. 
If the letters A-G stand for the 8 units, the stim- 
ulus structure was ABC, ADE, FAH, FGC, DBG, 
and EHG. Two different lists were used under 
fach condition in order to increase generality. 
Presentation Tate was 2:2 sec. in Experiment I and 
n 33 sec. in Experiment II, Intertrial intervals 
i n 5 
pem o LE learner subject to were 4 and 6 sec., respectively. The Ss who had 


Method, The two experiments were almost 
tical except for the stimulus materials, Eac) 
received 25 anticipation learning trials on six pair 


Inherent in this explanation j th ES Word triads as stimuli first had 10 trials on six 
s on is the notion ti at irs. 
he critical variable letermining whether the ur nonsense shape-number pairs. Those Ss who had 


u i ones ; si - 

ure of the stimulus set has an effect is the degree ee Ree eae oret sow ee 
n timulus are After the fifth anticipation trial on the test list, 
S separate parts, ie., analyzed (Shepard, all Ss were given a recognition-recall test. The six 
“aes stimuli and 18 distractors were printed on 3 x5 
ens E is SOWIE that the same cards, The S went through the cards one at a 
a i 5 nsonant trigrams can be time at his own pace. When he recognized a list 
btained with stimuli consisting of thr i vm ied 6 i 
highly meaningíui ee words or stimulus he called it out and tried to recall its 


iments, 


n, then, the aio VEO a dM By associated response term. Distractors were s 
, ] us structure effects tematically sel so that either the first, secon 
be obtained Whenever the stimulus is analyzable y selected , d, 


or third unit was from outside the list, or the first 
and second, first and third or second and third 
b; " my 7 ANE 
Canada A AP-88. from the. units were interchanged in position. 
he data collection. Sherri There were 54 Ss in Experiment I and 60 in 


Richard P b 
MER anenee reprints should be e WE tae Experiment II. All Ss were students from in. 
'sychol ver ology courses. They were as. 


"Afpattment of Psychology, Uaiveiet Siberia mamanise troductory psych 
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the laboratory according to a prearranged scheme 
which randomized the order of conditions within 
blocks containing one of each group. The two ex- 
periments were run in separate school terms by 
trained undergraduate Es. 

Results and discussion. The results of the two 
experiments are presented in Table 1. No real 


TABLE 1 
MEAN PERFORMANCE: EXPERIMENTS I AND II 


Total Total 

Overt False 
adi co fe ns sare 

Experiment I: Word triads 
LS 39.8 104.8 6.7 3.9, 48 
HS-S 39.5 117.8 5.8 5.3 -9 
HS-C 36.5 626 | 259 | 43 | s0 
BIS BESOIN EI SU TE URL PUR RE 
Experiment II: Symbol triads 

LS 43.9 137.1 24 AT 38 
HS-S 45.7 135.7 2.6 5.8 2.5 
HS-C 45.2 112.4 11.3 4.3 21 


Note, Abbreviations: LS = low similarity; HS-S = high 
similarity-simple; HS-C = high similarity-complex. 


differences were obtained for the alternate forms 
of each list, so they have been combined for all 
measures. There were no differences among the 
three groups on the practice list for either experi- 
ment (both Fs < 1.00) On the test list, group 
differences were significant in both experiments, 
for Experiment I, F (2, 51) 2 47.11, $ < .01, and 
for Experiment 1l, F (2, 57) 22110, p < .01. 
Dunnett's tests revealed in both cases that Group 
HS-C differed from Group LS, while Group HS-S 
did not. This pattern is perfectly equivalent to 
that obtained with consonant trigrams in an earlier 
experiment (Runquist, 1973). The same differences 
appeared with overt errors, where Group HS-S 
showed an approximate fivefold increase over the 


other two groups. 


The recognition data are not of any real thoe- 
retical significance, and in one sense the test itself. 
is not really comparable between groups because — 
the distractors bear a different relation to correct 
responses. Nevertheless the pattern is similar im 
both experiments. Recognition is poorest for the 
LS and HS-C groups due no doubt to the fact. 
that more information is necessary for perfect 
performance in these groups, Of some interest are 
the particular distractors chosen as false positives, - 
The pattern was similar in both experiments. 
The LS condition was the only one in which a 
significant number of false alarms contained units 
not in the list, Nearly all of these were the middle 
unit, In the other two groups, false positives con- 
sisted almost entirely of permutations of list stimuli. 
Usually, these were reversals of the first and third 
units, especially in the HS-S condition. None of 
these results is particularly startling, but they do 
indicate to some extent that Ss know different 
things about the stimuli depending on the pattern 
of identical elements. Conditional recall measures 
are of little interest, as Ss often gave “correct” 
recalls to falsely recognized stimuli. Nevertheless, 
the pattern reflected that obtained with acquisition 
performance in that the HS-C group performed 
more poorly even when stimuli were correctly: 
recognized. 

These results need little further discussion, as 
the point is obvious. Regardless of whether the 
units are letters, words, or familiar symbols, the 
effects of structural complexity are obtained as long 
as stimuli consist of unintegrated units, and hence 
are presumably processed in an analytic fashion. 
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hension or memory. 


ecently there has been considerable study in 
guistics (e.g, Fillmore & Langendoen, 1971) 
d to a lesser extent in psycholinguistics (e.g., 
is, in press; Just & Clark, 1973; Offir, 1972) of 
suppositions and implications, two kinds of se- 


A crucial distinction has 
usually been that if A presupposes B, then not-A 
Iso presupposes B, while if A implies B, then not-A 
plies not-B. In terms of sentence-complement 
bs, which take whole sentences as their objects, 
this contrast is illustrated by know, which presup- 
the truth of its complement, and manage, 
vhich implies its truth. In the following list of sen- 
ces, both 1 and 2 presuppose that the speaker 
eves 3, since the presupposition stays constant 
‘the verb carrying it is negated. However, while 
implies 3, 6 implies 4, since the implication is also 
egated if the main verb is negated (Karttunen, 
971; Kiparsky & Kiparsky, 1970). 


Xd 
(i) John knew that he got an A. 

— (2) John did not know that he got an A. 
(3) John got an A. 

— (4) John did not get an A. 

(5) John managed to get an A. 

(6) John did not manage to get an A. 
(7) John was able to get an A. 


$ 


5 non ying memory for such sentences, Offir 
972) found that presuppositions were often re- 
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MEMORY FOR PRESUPPOSITIONS AND IMPLICATIONS: A CASE STUDY OF 
12 VERBS OF MOTION AND INCEPTION-TERMINATION ! 


RICHARD J. HARRIS* 
University of Illinois at Urbana—Champaign 


Verbs such as begin, continue, and finish, and enter, stay, and leave carry pre- 
suppositions about what happened before the action of the sentence and im- 
plications about what happened after. The Ss were given input sentences, 
such as “At 6:00 the bullfighter entered the arena,” and then tested on either 
comprehension of or memory for information, e.g., where the bullfighter was 
just before and just after 6:00. Although linguistic predictions were con- 
firmed for sentences with affirmative verbs, such sentences with negated verbs 
were apparently presuppositionally and implicationally ambiguous. There 
was no difference between presuppositions and implications in either compre- 


logically necessary presuppositions or implications 

Givón (1973) has pointed out a group of verbs 
dealing with inception, continuation, and termina- 
tion which carry both presuppositions and implica- 
tions about the truth of their complements. For 
example, in the following list of sentences 8 and 9 
both presuppose 10. However, 8 also implies 11, 
while 9 implies 12.3 


(8) At 2:00 John began to study. 

(9) At 2:00 John did not begin to study. 
(10) Sometime before 2:00 John was not studying. 
(11) Sometime after 2:00 John was studying. 
(12) Sometime after 2:00 John was not studying. 


Similar presuppositions and implications occur with 
verbs of termination (finish) and continuation 
(continue). 

Parallel sets of presuppositions and implications 
occur in verbs of motion of the three types repre- 
sented by enter, stay, and leave. For example, in 
the following list of sentences 13 and 14 both pre- 
suppose 15, However, 13 also implies 16, while 14 
implies 17. 


(13) At 2:00 John entered the room, 

(14) At 2:00 John did not enter the room. 

(15) Sometime before 2:00 John was not in the 
room. 

(16) Sometime after 2:00 John was in the room, 

(17) Sometime after 2:00 John was not in the room. 


The truth values predicted by Givén (1973) are 
indicated in parentheses for three types of verbs of 
inception-termination and motion in Table 1. 

The verbs of motion and inception-termination 
offer a chance to study the following: (a) a case 


* Givón (1973) does note, however, that the negation test 
described above to determine presupposition and implication 
only applies to internal negation, where the assertion and impli- 
cation are negated but the presupposition remains constant. 
The external (sentential) negation interpretation ("It is not ive 
case that. . .") may deny the presuppositions as well. This 
potential ambiguity of negative sentences becomes important 
in interpreting the psychological data. 
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study of the difference between presuppositions and 
implications in memory with verbs in which the two 
types of information are contained in semantically 
parallel propositions, and (b) the extent of psycho- 
logical validity in different situations of Givón's lin- 
guistic intuitions about prior and subsequent truth 
values for both affirmative and negative verbs. The 
present study examined both comprehension and 
memory of truth values occurring as presuppositions 
or implications of verbs of motion or inception- 
termination. 

Method. The Ss were 48 introductory psychology 
students at the University of Illinois. They were 
run in 12 groups of 4 each, 6 groups each in memory 
and comprehension conditions. 

The stimulus materials consisted of six lists of 24 
sentences; there were 12 sentence frames each for 
inception-termination and motion verbs. Incep- 
tion-termination-verb sentences were of the form: 
At 6:00-noun phrase-verbpast-predicate comple- 
ment, e.g., 18. Motion-verb sentences were of the 
form: At 6 :00-noun phrase-verb past-Object, e 19. 


(18) At 6:00 the ballerina persisted in playing chess. 
(19) At 6:00 the hijacked airliner left O'Hare Field. 


Six verbs of each type Were used, two within 
each type from each of three subtypes. The incep- 
tion-termination verbs were begin and start. (incep- 
tion), continue and persist (continuation), and stop 
and finish (termination), while the motion verbs 
were enter and arrive (entry), stay and remain (stay- 
ing), and leave and depart (exit). 

Six lists of 24 sentences each were constructed. 
Within each list every sentence frame occurri 
exactly once and every verb occurred exactly twice, 
once in the affirmative and once in the negative form. 
Across lists, each sentence frame appeared with 
every verb of either inception-termination or motion 
exactly once, with one instance from each subtype 
in the affirmative and one in the negative. The 
order of sentences within each list was random. 
memory condition were told to 
listen carefully to à taped list of sentences because 
afterward they would be asked some questions about 
them. The tape was then played, with 24 sentences 
read once each in normal intonation with a 2-sec. 
interval between sentences. At the conclusion © 
handed a booklet with instructions 
to judge 48 sentences, 2 relating to each taped sen- 
, as either true, false, or indeterminate (ie., 
based on the taped sen- 
f test sentences for each stimulus 
sentence started ou 6:00” and “Just 
after 6:00,” the pe Cnm the presupposition 

e latter testing the implication. 4 
ae ae in each case consisted of the affirmative 
imulus sentence 
and 
for the motion-verb sentences. 
example, 5s evaluated the pair of sentences 20, 21 
for either stimulus sentence 22 or 23, and they 
evaluated the pair 24, 25 for either stimulus sen- 


tence 26 or 27. 


a simple loca- 
For 
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(20) Just before 6:00 the ballerina was playing 
chess. 

(21) Just after 6:00 the ballerina was playing chess. 

(22) At 6:00 the ballerina began to play chess. 

(23) At 6:00 the ballerina did not begin to play 
chess. 

(24) Just before 6:00 the bullfighter was in the | 
arena. 

(25) Just after 6:00 the bullfighter was in the arena. 

(26) At 6:00 the bullfighter departed from the arena, 

(27) At 6:00 the bullfighter did not depart from the 
arena. 


The Ss were not timed and had as long às they 
desired to complete the task. To insure that they 
did not answer the final few sentences on the basis 
of short-term memory, the test sentence pairs were - 
presented in the same order as the corresponding 
stimulus sentences and on two pages, 
tions not to turn pages until directed to do so. 

The 24 Ss in the comprehension condition pere 
formed the same sentence evaluation task as those 
in the memory condition, except that they read and 
evaluated the two test sentences immediately after 
hearing the corresponding stimulus sentences. The 
E stopped the tape after each stimulus sentence until 
all Ss had judged the two test sentences, after which. 


TABLE 1 
NUMBER Or RESPONSES BY Test SENTENCE TYPE AND 
RESPONSE CLASS 
Response” 
Test 
Verb sentence Memory Comprehension 
type* 
T. F ? T F. ? 
Begin, +P 5 | (29)| 14 0 | (47) 1 
start +1 (35) 5 8 | (48) 0 0 
-P 8 22) | 18 1 Iu 30 
-I 13 | (19) | 16 0 4 34 
Continue, +P 85 13 | 11 | (40) 2 6 
persist +1 25) | 12 i cy 4 9 
-P (21) | 15 12 35) 2 M 
-1 10 | (29) 9 2 | (39) T 
Finish, +P (25) | 10 | 13 (46) 0 2 
stop +1 12 | (25)) M 0 | (46) 2 
-P (32) 7 9 | (41) 0 7 
-I (22) | 14 12 | (33) 2 13 
Enter, +P 8 | (37) 3 o | (47) 1 
arrive +1 (40) | 4 4 | (46)| 2 1 
-P 7 |G)| 10 0 on 2€ 
-l 14 | QD |. 13 2 AL E: 
Stay, +P (28) 8 12 e 0 1 
remain + (23) | 12 13 2 2 i 
=P (22) | 10 16 | Q7 0 2 
-I 11 | @5) | 12 0 | (42) 
Leave, +P (31) 7 10 | (46) 0 
depart +1 ii | (27) | 10 0 | (47) 
-P (28) 9 M ay 0 á 
-I (25) | 10 13 | (23, 2 f 
a +, affirmative verb; —, negative verb; P, before sente 


(testing for presupposition) ; I, after sentences (testing for 


WT, true; Fy false: 2 indeterminate, Cells in parenthese 
responses predicted by Givón (1973). 


with instruc- .— 


m NX 
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TABLE 2 


NUMBER OF RESPONSES BY TEST SENTENCE 
TYPE AND PREDICTION 


Responses» 
Test sentence i 
types Memory Comprehension 
P | NPNI| ? P- | NPNI| ? 
+P 174 Si 63 | 264 2 22 
+1 175 56 57 | 259 7 22 
-P 156 56 76 | 167 3 118 
-L 141 72 75 | 162 8 118 
Total + 349 107 120 | 523 9 44 
Total — 297 128 151 | 329 M 236 
Total P 330 107 139 | 431 5 140 
"Total I 316 128 132 | 421 15 140 
Grand Total 646 235 271 | 852 2 280 
` a +, affirmative verb; —, negative verb; P, before sentences 
(testing for presupposition) ; I, after sentences (testing for im- 
plication). 


bP, predicted; NPNI, nonpredicted, nonindeterminate; 
?, indeterminate. 


he moved on to the next stimulus sentence. A 
stimulus sentence was repeated if S so requested, 

Results and discussion. The responses to each 
sentence type are grouped by synonyms and pre- 
sented by response class in Table 1. The numbers of 
predicted, nonpredicted nonindeterminate (NPNI), 
and indeterminate responses are summarized in 
Table 2. Here "predicted" means either /rue or 
false, as predicted by Givón's (1973) theory, and 
NPNI is the other possible true or false response. 
Data were analyzed by a 2 X 2 X 2 analysis of 
variance (Kirk, 1968, pp. 298-302), with the be- 
tween-Ss variable of memory or comprehension 
"group and two within-Ss variables of affirmative or 
negative verb and presupposition or implication 
(before or after test sentence). The dependent vari- 
able was the number of predicted responses. 

Not surprisingly, there were more predicted re- 
Sponses in the comprehension group than in the 
“memory group, F (1, 46) = 11.72, p < .01. The 
NPNI responses almost never occurred (1.7%) in 
the comprehension group. Since nonpredicted re- 
sponses occurred about equally in the NPNI and 
indeterminate categories, many memory Ss may 
have been guessing, and thus memory-comprehen- 
sion differences can be accounted for by simple 
forgetting in the memory group. 

Although Ss in both the memory and comprehen- 
‘sion groups made more predicted responses to affirm- 
ative sentences than to negative ones, F (1, 46) 
72.41, p < .01, most of this difference is reflected 
the Memory-Comprehension X Affirmative-Neg- 
tive interaction, F (1, 46) = 24.14, p « .01. That 
is, predicted responses occurred only slightly more 
frequently in the comprehension than in the memory 


"group on the negative sentences, but far more 


frequently on the affirmative sentences. In fact, 


91% of all responses in the comprehension group to 


affirmative sentences were in the predicted category 
vs. only 57% of responses to negative sentences. 


The fact that 41% of the responses to negative 
sentences in the comprehension group were indeter- 
minate suggests a high degree of ambiguity or 
dialectal differences not considered in Givón's (1973) 
analysis. For example, in the following list of sen- 
tences 28 apparently can presuppose 29 and imply 
30, but it can also be interpreted as sentential or 
external negation, cf. 31, denying only that some act 
occurred at a given time and saying nothing about 
what may have happened before or after that time. 
(See Footnote 3.) The high indeterminate-response 
rate in the comprehension group apparently reflects 
a high frequency of such an interpretation. In 
natural language usage, the context of such a sen- 
tence would generally disambiguate its two possible 
interpretations. 


(28) The truck driver did not start to pick petunias. 

(29) Before 6:00 the truck driver was not picking 
petunias. 

(30) After 6:00 the truck driver was not picking 
petunias. 

(31) It was not the case that at 6:00 the truck 
driver started to pick petunias. 


The one variable that made no difference in the 
number of predicted responses was that of presup- 
position-implication (before vs. affer test sentences), 
F (1, 46) = .67, p > .10. The fact that neither its 
interaction with memory-comprehension, F (1, 46) 
7 0, p > .10, affirmation-negation, F (1, 46) = 3.57, 
p > .05, nor the triple interaction, F (1,46) = 3.57, 
b > .05, was significant further shows the complete 
noneffect of this variable. This finding has several 
implications. 

The noneffect in the comprehension group suggests 
that both types of information are equally easy to 
understand in brief reflection upon the meaning of a 
sentence. The noneffect in the memory group sug- 
gests that, with the present 12 verbs, both presup- 
posed- and implied-truth information is equally easy 
to retrieve. Although it is uncertain whether the 12 
verbs tested are representative of large classes of 
verbs or are largely idiosyncratic, there is at least 
in these cases a strong possibility that no such dis- 
tinction as presupposition-implication exists in 
memory. This supplements Harris' (in press) find- 
ing that implications (necessary interpretations) and 
inferences (probable interpretations) are often un- 
differentiable in memory in complex sentences con- 
taining sentence-complement verbs. While it is ap- 
parent from this study and others (Harris, in press; 
Offir, 1972) that presupposed, implied, and inferred 
information is a part of the semantic representation 
of a sentence in memory, there is also strong indica- 
tion that distinctions among such types of informa- 
tion are blurred or nonexistent in memory. 
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ON THE INFORMATION EXTRACTED FROM A GLANCE AT A SCENE! 
IRVING BIEDERMAN/ JAN C. RABINOWITZ, ARNOLD L. GLASS? AND E. WEBB STACY, Jr. 
State University of New York at Buffalo 


durations of 20-300 msec. 


ization of the scene. 


What kinds of information can be extracted from 
a glance—a single fixation—at a scene? The pres- 
ent investigation was concerned with two possible 
approaches to this question: (a) a measure of the 
accuracy with which an observer is able to select a 
verbal label that describes the “topic” of the scene, 
and (b) a measure of the accuracy of the identifica- 
tion of a sample—an object—from a scene, The 
former method was used by Biederman (1972), who 
compared the accuracy of object identification in 
coherent and jumbled scenes. Also, Biederman, 
Glass, and Stacy (1973) measured the amount of 
time required to detect a single object in a scene. 
However, in both experiments, the scenes were 
presented for durations sufficiently long for eye 
" movements to play a role. The present experiments 
were designed to study scene perception at presenta- 
tion durations too brief for an eye movement. 

Biederman et al. (1973) reported that searching 
for an object in a coherent scene required less time 
than searching for the same object in a jumbled 
version of that scene. Evidence that jumbling re- 
duced S's ability to derive a topic or overall concep- 
tualization of the scene came from an examination 
of the effect of jumbling on those trials when the 
object was, in fact, not in the scene. Both for 
jumbled and coherent versions of a scene, Ss were 
considerably faster—by about 750 msec.—when the 
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Pictures of jumbled and coherent versions of real-world scenes were shown for 
In Experiment I, Ss selected that label from a 
pair of labels which they judged to better describe the scene. 
similar the label pairs, the less accurate were the choices. 
A a cue was presented immediately after the scene which designated one of the 
objects in the scene. Jumbling reduced both the accuracy of identification of 
the cued objects and the accuracy of descriptor choice in Experiment I. The 
results are discussed in terms of two kinds of information that O extracts from 
a single fixation of a scene: (a) individual objects and (5) an overall character- 
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The more 
In Experiment II, 


target object was very unlikely to appear in the 
scene (e.g, when a cup was the target in a street 
scene) as compared to when the target was likely to 
appear in the scene (e.g, a cup in the kitchen), 
Biederman et al., reasoned that when viewing both —— 
jumbled and coherent scenes Ss were able to derive © B 
an overall conceptualization of the scene and use it 
to quickly terminate their searches when the objects 
were unlikely, given the conceptualization. That 
jumbling affected the speed at which Ss were able 
to achieve that conceptualization was evidenced by. 
a relatively large 225-msec. effect of jumbling on 
these "'impossible-no" reaction times (RTs). 1 
The jumbling variation employed in the Bieder- 
man (1972) and Biederman et al. (1973) experiments 
was also incorporated into the design of the present 
investigation. While the effects of jumbling on the 
processes by which information is extracted from a 
scene are yet to be specified, the inclusion of this 
variable is predicated on the belief that the percep- 
tion of a scene might be something more than the 
perception of the sum of the individual objects that 
comprise the scene, An obvious analogy can be. 
made with the words of a sentence or paragraph, - 
Just as the sequence of the words in a sentence or 
paragraph or utterance is critical to the reader's or 
listener's developing an overall conceptualization of 
the passage, the spatial relations among the various 
entities of a scene are critical for the development 


of a conceptualization or schema of a scene. 


EXPERIMENT I 


Experiment I in this investigation was designed 
to obtain à more direct assessment of the effect of 
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umbling on the confirmation of an overall concep- 
ualization of the scene. Specifically, the accuracy 
‘of selecting a member from a pair of verbal descrip- 
-. tors of the scene was studied. The similarity of these 
- labels was varied in an attempt to affect the diag- 
nostic value of individual objects. When the pairs 
of labels were similar (e.g., "shopping plaza" vs. 
“busy road and stores") the individual objects were 
of less informational value than when the pairs were 
dissimilar (e.g., "shopping plaza" vs. "kitchen"). 
NIE holistic characteristics of a scene are required to 
_ discriminate among similar labels, jumbling should 
— be more disruptive with such labels than when in- 
dividual objects are of high diagnostic value, i.e., 
-when labels are dissimilar. 
Method. The stimulus materials, 35-mm. positive 
slides of a wide variety of scenes, were described in 
" Biederman (1972) and Biederman et al. (1973). 
For each scene there was a coherent and jumbled 

version—the jumbled version was constructed by 

ectioning the original into six parts and reposition- 
^ ing (but never rotating) five of them. 
|." Each of 32 Ss viewed a sequence of 112 jumbled 
nd coherent scenes, The first 16 were considered 
ractice trials and were not included in the data 
nalysis. The scenes were projected, with a visual 
angle of 10°, onto a screen by a projector fitted with 
a tachistoscopic shutter. Immediately after the 
“presentation of the scene a masking grid was pre- 
‘sented for 300 msec. Following each presentation, 
selected the member from a pair of verbal labels 
(words or phrases) which he judged to be the more 
ccurate description of the scene. The 116 pairs of 
bels were numbered and printed in a booklet which 
> perused before each presentation. Half of the 
E bel pairs had phrases that were dissimilar, such 
that it would be unlikely for an object appropriate 
NT one description to be present in the other. Ex- 
. amples were, "lawn in back of house" vs. “kitchen,” 
“vanity table" vs, "mountains," "fireplace" vs. 
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ices of a scene label as a function of scene version 
coherent), label similarity, and presentation duration. 


“parking lot in front of stores." The other half of 
the labels were similar, such that objects in one 
scene might be reasonably expected to be in the 
other. Examples are, “shopping plaza" vs. “busy 
road and stores," “bedroom” vs. “livingroom.” 
Different sequences of scenes and descriptions were 
used so that scene version (jumbled or coherent), 
label similarity (similar or dissimilar), and presenta- 
tion duration (20, 50, 100, or 300 msec.) were all 
balanced over the 96 scenes. In addition to the 32 
Ss who viewed the scenes at the 20-300 msec. dura- 
tions, a panel of eight judges viewed the scenes at a 
presentation duration of 4 sec. 

Results. Figure 1 shows the mean percentage 
correct choices as a function of scene version, dur: 
tion, and label similarity. All three variables ha 
highly reliable main effects: jumbling, F (1, 31) 
= 19.75, p < .001, duration, F (3, 93) = 32.55, 
p < .001, and label similarity, F (1, 31) = 83.95, 
b «.001. (The analysis of variance did not include 
the 4-sec. data.) The only interaction that was 
significant was Duration X Label Similarity, F 
(3, 93) = 5.09, p < .01. The Jumbling X Duration 
interaction fell just short of significance, F (3, 93) 
= 2.74, .05 < p < .10. In both cases a relatively 
small effect of jumbling and similarity at the shorter 
durations grew to a larger one at the longer dura- 
tions. The effects of jumbling and label similarity 
would have been still larger but for a ceiling effect 
at the longer durations. Thus, at the 300-msec. 
duration, 22 (of 32) Ss were at 100% accuracy in the 
coherent-dissimilar condition, 13 Ss in the jumbled— 
dissimilar condition, 14 in the coherent-similar con- 
dition, and only 1 in the jumbled-similar condition. 

At the 300-msec. presentation duration, jumbling 
was particularly disruptive for the similar label con- 
dition. Moreover, there was no improvement in 
accuracy in the jumbled-similar condition between 
50 and 300 msec. The significant Jumbling X Label 
Similarity interaction at 300 msec., F (1, 31) = 8.87, 


DISSIMILAR 
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p < 01, revealed that the similar labels were more 
affected by jumbling than the dissimilar labels. 
However, the ceiling effects discussed previously 
may have contributed to this interaction, so caution 
must be exercised in interpreting it, 


EXPERIMENT II 


Selecting a label to describe a scene is, in part, 
likely to be dependent upon the identification of. 
individual objects in a scene. Experiment II was 
designed to describe the time course of object iden- 
tification óver the same range of durations used in 
Experiment I. This experiment thus extends the 
paradigm employed in the Biederman (1972) exper- 
iment to a range of durations too brief for an. eye 
movement. In addition to the picture choices, a 
condition was included in which S responded by 
selecting among verbal labels of the objects. This 
variation was designed to assess the degree to which 
5 relied on simple physical features (size, brightness, 
texture, etc.) to make his response, 

Method.. The scenes and presentation equipment 
were the same as those in Experiment J. The section 
which was not moved contained at least one well- 
defined, easily nameable object. This object was 
the one designated by the cue. Since it was in the 
section which remained constant, the cued object 
occupied the same position in both the coherent and 
jumbled versions. 

The procedure and design closely followed that of 
the Biederman (1972) experiment. Immediately 
after the presentation of a scene a combined mask- 
ing-grid and cue (circle) slide was presented for 300 
msec. The circle occupied the same position as the 
object in the scene from the section which was not 
moved. The S was to indicate which object occupied 
the position designated by the cue. Half of the Ss, 
as in the Biederman (1972) experiment, responded 
by designating one of four object pictures, mounted 
on a single page in a photo album. The other Ss 
responded with one of four object names printed on 
acard. Since Ss were allowed to peruse the response 
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Ficure 2. Mean percentage of correct object identifications 
as a function of scene version (jumbled vs. coherent) and pre- 
sentation duration. 
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this experimental procedure is anal \gous to the 
alternatives-before and cue-after coudition of the 
Biederman (1972) experiment, 

Results, Figure 2 shows the mean percentage of 
correct identification as a function of scene version 
and duration. The effects of both scene version and 
duration were highly significant, F (1, 62) = 18.35, - 
b <.001, and F (3, 186) = 19.92, p < .001, re- 
spectively. Picture alternatives led only to slight 
(41.4% vs. 39.8%) and nonsignificantly F (1, 62) 
X 1.00, higher accuracy than labels. It is likely, 
then, that Ss were fully identifying the objects and 
not responding on the basis of simple physical fea- 
tures, The only interaction that was significant was 
Scene Version X Duration, F (3, 186) = 2.80, p 
< .05; the advantage of coherent over jumbled 
scenes increased from the 20-msec. to 100-msec. 
presentation duration, but coherent performance 
then leveled off, while the jumbled scenes showed 
some increase in accuracy. The data for the picture 
alternatives at 300 msec. were almost identical to 
the corresponding condition in the Biederman (1972) 
experiment. In that experiment, the accuracy nei- 
ther consistently nor reliably improved as presenta- 
tion duration was increased from 300 to 700 msec, 
This lack of improvement at the longer durations 
most probably represents a ceiling effect imposed by 
the inclusion of scenes where the cued objects were 
small and peripheral. A 


alternatives prior to the p the scene, 


Discussion 


From an exposure duration of 100 msec.—from 
a single fixation on a scene—O is able to identify 
45%-50% of the moderately sized objects. The 
information from that fixation is also sufficient to 
select correctly a descriptor of the topic of the scene 
from a dissimilar alternative on 95% of the presenta- 
tions and from similar alternatives on 70% of the 
trials. Jumbling reduced the accuracy of perform- 
ance on both of these tasks. 

The investigation was not designed to provide a 
theoretical accounting of scene perception but never- 
theless the data can be described in terms of two 
kinds of information which might have been avail- 
able to S in performing the label-matching task 
(Experiment I). 

First, 5 might have simply sampled objects and 
inferred the correct answer on the basis of the 
objects. Object sampling would have been most 
beneficial for the dissimilar label pairs, since in these 
cases almost any of the objects from the scene would 
be diagnostic toward inferring the correct label. The 
effect of jumbling in the dissimilar alternatives con- 
dition likely reflects the effect shown in Experiment 
II where jumbling reduced the accuracy of object 
identification. However, with similar response al- 
ternatives, object sampling would be less valuable. 
Perhaps S also employed a second, more holistic 
mode of processing which made use of the spatial | 
relations among the objects in the scene to help him 
distinguish, say, "shopping plaza" from “busy road 


to the above descriptions of a 
ng, then it is likely that § 


simultaneously handles the information from à scene 
with both modes. That is, individual objects would 
be identified along with the attainment of the overall 
Scene characterization, At this time it is not clear 
how such a characterization is achieved. Its deve]. 
opment might be aided by having a consistent array 
in depth along with identification of some objects 
and their relations to other objects. 
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JOURNAL OF EXPERIMENTAL Psy- 
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the JOURNAL will be published as four inde- 
pendently edited and distributed sections. 
The broader editorial focus is intended to 
provide a mechanism for more integrative 
reports of general experimental research as 
well as the usual articles dealing with spe- 
cialized areas of experimental psychology. 
The Journal's four sections are: 

JEP: General. Comprehensive and inte- 
grative reports of new research leading to a 
substantial advance in knowledge which are 
of interest to the entire community of ex- 
perimental psychologists. Four issues pub- 
lished March, June, September, and De- 
cember. $6 to APA members only. 
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Beginning in 1975 the Journal of Experimental Psychology will appear as four independently edited and 
aie Journal of Exp tal Psychology: Human Learning and Memory (Lyle E. Bourne, Jr., Editor) 
will publish experimental studies on fundamental acquisition, retention, and transfer processes in human 
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Notice to APA AUTHORS 


The American Psychological Association announces publication of the second 
‘edition of the Publication Manual in August 1974. This new edition, which 
supersedes the 1967 Manual, will be adopted by the 14 APA journals in 1975. 

The new Manual is more comprehensive than the previous edition. It updates 
APA publication policies and procedures and incorporates changes in editorial 
practice since 1967. For instance, APA now sends many authors their copy- 
edited manuscripts for review before they are set into type, and some editors 
now use blind review procedures. The second edition also includes up-to-date 
statements of the coverage of each APA journal including the Journal of Ex- 
perimental Psychology which will be published in four separate sections in 1975. 

The new Publication Manual initiates several changes in APA style. 
These changes are announced in the August 1974 American Psychologist 
and will be introduced in the APA journals in January 1975. During the period 
of transition to the new style, authors should note that (a) all manuscripts 
published in 1974 will be copy-edited according to the 1967 Manual, (5) 
manuscripts accepted in 1974 and published in 1975 will be copy-edited to con- 
form to the new Manual, Starting in 1975, accepted manuscripts that depart 
significantly from the Manual will be returned to authors for correction. 

Authors will be encouraged by the changes in the second edition. The new 
APA style simplifies reference forms; eliminates unnecessary underlines, 
brackets, and other devices; supports appropriate use of “I” and “we”; and 
generally clarifies typing requirements, Material is arranged for maximum con- 
venience to authors and typists, and all sections are cross-referenced and indexed. 

The new Publication Manual is available after August 1 for $3. Send orders 
to APA Publication Sales, 1200 Seventeenth Street, N.W., Washington, D. C. 
20036. Orders of $15 or less must include payment unless they are submitted 
on institutional purchase order forms. 
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ANNOUNCEMENT 


APA announces that effective January 1975, the Journal of Experimental 
Psychology will be published as four independently edited and distributed sec- 
tions. The broader editorial focus is intended to provide a medium for more 
integrative reports of general experimental research, while continuing to provide 
a medium for articles dealing with specialized areas of experimental psychology. 
The Journal's four sections are: 


Journal of Experimental Psychology: General. Long integrative reports of new 
research leading to a substantial advance in knowledge of interest to the entire 
community of experimental psychologists. Four issues published March, June, 
September, December; $6 per year to APA members. 


Journal of Experimental Psychology: Human Learning and Memory. Experi- 
mental studies on fundamental acquisition, retention, and transfer processes in 
human behavior. Six issues published January, March, May, July, September, 
November; $10 per year to APA members. 


Journal of Experimental Psychology: Human Perception and Performance, Ex- 
perimental studies designed to foster understanding of information-processing 
operations and their relation to experience and performance. Four issues 
published February, May, August, November; $6 per year to APA members. 


Journal of Experimental Psychology: Animal Behavior Processes. Experimental 
studies concerning the basic mechanisms of perception, learning, motivation, 
and performance, especially as revealed in the behavior of infrahuman animals. 
Note: Animal experimental studies, formerly published in the Journal of Com- 
parative and Physiological Psychology, are reinstated as a major component of 
the Journal of Experimental Psychology: Animal Behavior Processes. Four issues 
published January, April, July, October; $6 per year to APA members. 


Manuscripts should be sent directly to the Editor of the relevant section. 
Journal of Experimental Psychology: General: Gregory A. Kimble, Department of 
Psychology, University of Colorado, Boulder, Colorado 80302. Journal of 
Experimental Psychology: Human Learning and Memory: Lyle E. Bourne, Jr» 
Department of Psychology, University of Colorado, Boulder, Colorado 80302. 
Journal of Experimental Psychology: Human Perception and Performance: Michael 
I. Posner, Department of Psychology, University of Oregon, Eugene, Oregon 
97403. Journal of Experimental Psychology: Animal Behavior Processes: Allan 
R. Wagner, Department of Psychology, Yale University, 333 Cedar Street, 
New Haven, Connecticut 06510. ! 

APA members may subscribe to any single section, to any combination of the 
sections, or to allfour sections for $25 per year. Institutions must subscribe to all 
four-sections at $60 per year. To order your subscription please send your 
request accompanied by full payment or institutional purchase order to: Sub- 
Sai Pree ae APA, 1200 Seventeenth Street, N.W., Washington, 
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BACKWARD MASKING OF CONDITIONED STIMULI: 
EFFECTS ON DIFFERENTIAL AND SINGLE-CUE CLASSICAL 


CONDITIONING PERFORMANCE! 


LEONARD E. ROSS; M. CECILIA FERREIRA, anb SUSAN M. ROSS 


University of Wisconsin— Madison 


College student Ss who demonstrated good differential eyelid conditioning 
performance received an additional session during which a backward masking 
stimulus was presented during the conditioned stimulus (CS) — unconditioned 
stimulus (UCS) interval on half of the trials. In a group for which the interval 
between CS onset and masking stimulus onset (SOA) was selected to produce 
masking, differential responding was largely eliminated on masking trials. 
Such was not the case for a longer SOA control condition. Similar masking 
effects were obtained with visual and auditory differential conditioning, but 
backward masking did not occur in single-cue conditioning. The similarities 
of these effects to those obtained in the usual masking studies were discussed 
with respect to the recognition processes involved and their role in differential 


and single-cue conditioning. 


Backward masking, the impaired iden- 
tification or recognition of a brief test 
stimulus when it is followed by an ap- 
propriate masking stimulus, is a well-sub- 
stantiated phenomenon that has been ex- 
tensively investigated with respect to 
various parameters of the test and mask- 
ing stimuli and their temporal relationship 
(e.g, Massaro, 1970; Turvey, 1973). 
Theoretical interest in backward masking 


1 This research was supported by U.S. Public 
Health Service Research Grant HD-05653. The 
authors thank Ruth J. Magraw for her help in 
- collecting data for Experiment I. Portions of these 
data were presented at the meeting of the Psy- 
chonomic Society, St. Louis, November 1973. 

2 Requests for reprints should be sent to Leonard 
E. Ross, Department of Psychology, University of 
Wisconsin, Madison, Wisconsin 53706. 


has centered upon the reduced recognition 
of the test stimulus as a measure of the 
masking stimulus’s interruption of the 
processing of information that is retained 
in short-term storage following the termi- 
nation of the test stimulus. The backward 
masking paradigm has been employed to 
(a) trace the temporal course of preper- 
ceptual processing, (b) investigate the in- 


volvement of peripheral and central proc- | 
esses in information processing, and (c) 
examine the processing of different types 
of material, e.g., speech and nonspeech - 


sounds. 

The purpose of the present experiments 
was to investigate the effects of backward 
masking on differential eyelid conditioning. 
Backward masking in this situation in- 
volved introducing the masking stimulus 
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following the trace positive conditioned 
‘stimulus (CS+) and the negative condi- 
tioned stimulus (CS—) at intervals such 
that recognition of the stimuli would or 
would not be expected to be impaired. 

Interest in the effect of masking upon 
differential classical conditioning stems 
from two considerations. First, masking 
studies have uniformly employed verbal or 
motor recognition responses which, with 
the exception of several studies investi- 
gating the effects of masking on reaction 
time, require S’s active participation in 
‘terms of a voluntary choice among alter- 
natives of which S is usually aware. On 
the other hand, differential classical eyelid 
conditioning can take place without active 
S involvement, in the sense of a con- 
scious judgment, and for that matter, 
- without S's awareness of responding dif- 
ferentially to the CS4- and CS—. Logi- 
cally, it appears quite possible that back- 
ward masking might interfere with 
_ processing at a stage or in a manner such 
- that conditioning performance would con- 
tinue to reflect the stimulus information 
appropriately, although recognition as usu- 
ally expressed by verbal or motor responses 
would be severely impaired. Alternatively, 
parallel masking effects might be found. 
Thus, one question to be answered by the 
present studies was whether or not masking 
the CS4- and CS— in differential condi- 
tioning would reduce differential respond- 
ing to these stimuli as masking has been 
found to reduce recognition in the typical 
masking study. 

A second consideration in examining the 
effects of backward masking on differential 
conditioning concerns the processes pre- 
sumed to underlie differential conditioning. 
Recently, it has been suggested that 
.single-cue classical conditioning involves 
a detection process, while differential con- 
ditioning requires an additional recogni- 
tion process (Ross & Nelson, 1973; Ross 
o& Ross, 1972). The recognition process 
involved appears to require additional 
processing time, since the optimal CS- 
E UCS interval for differential conditioning 
is longer than that for . single-cue condi- 
_ tioning, and a longer interstimulus interval 
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(ISI) is needed under nonoptimal stimutus 
identification conditions, e.g., when audi- 
tory stimuli have sudden stimulus onsets 
which produce transients, or an additional 
irrelevant dimension is present when visval 
stimuli are employed. This line of reas«.\- 
ing leads to the prediction that a bz 

ward masking procedure that termins:-s 
perceptual processing prior to recogniti n 
should also eliminate differential respo::..- 
ing to the CS+ and CS—, assuming th«t 
the recognition impaired by the typi | 


masking paradigm is functionally the sa: e - 


as the recognition process involved in « 
ferential conditioning. 

Differential conditioning in Experimen: | 
involved a visual CS+, CS—, and a p:i- 
tern masking stimulus. The CS onset ‘0 
masking stimulus onset asychrony (SC \) 
values were chosen on the basis of 7 \ir- 
vey's (1973) data to either produce or ` ot 
produce central masking. Correspo:d- 
ingly, Experiment II employed auditory 
stimuli, and SOA values selected on he 
basis of data presented by Massaro (1° \)), 
Both Experiment I and Experimen: l 
consisted of the establishment of diffe on- 
tial conditioning followed by a second 
phase the following day in which the 
on half of the trials were masked—in «ne 
group with an SOA expected to prod:ce 
masking, and in another group with a 
longer SOA not expected to produce 
masking. Thus, there was a within-Ss 
masking — no-masking comparison and a 
between-Ss long SOA - short SOA com- 
parison. Following the differential condi- 
tioning sessions, Ss were given a series of 
masked CS presentations and asked to 
identify the stimuli. Experiment II! ex- 
amined the effects of backward masking 
on single-cue conditioning. 


EXPERIMENT I 
Method 


Subjects. Sixty Ss enrolled in introductory psy- 
chology courses at the University of Wisconsin 
participated in Day 1 of the study. Four Ss were 
not continued due to equipment failure and 2 were 
lost due to E error. In addition, only those Ss 
who showed at least a 20% difference in responding 
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to the CS+ and the CS— during the last 24 trials 
of Day 1 were asked to return for Day 2. The 
24 Ss who met the criterion and returned for 
Day 2 were randomly assigned to the experimental 
groups with the restriction that there be an equal 
ratio (2:1) of females to males in each group. 
All Ss received experimental "points" for their 
participation in the study. 

Apparatus. The experiment was conducted in 
a two-room research trailer. During conditioning, 
_ S was seated in an ophthalmologist's chair in one 
"of the rooms, while E monitored the programming 

and recording equipment in the other room. 

Four Kodak Carousel slide projectors, each with 
a Uniblitz shutter (Model 225) were used for rear- 
projecting the stimuli onto the center of a 22 
X 22 cm. screen located 90 cm, from S, 

Two letters (T and H) and a pattern mask 
(all after Turvey, 1973) were used as stimuli. 
The two letters were positives of Stenso Gothic 
4 in. capitals, and the pattern mask, also a positive, 
was composed of bars equal in width and length 
to the horizontal and vertical bars in the two 
letters. Each letter subtended a visual angle of .8° 
vertical and .64° horizontal at the eye. The pat- 
tern mask subtended a visual angle of 2.7° vertical 
and 2.3° horizontal. 

The luminance (measured by Prichard Photome- 
ter Model 1970 PR) of the dark screen was .04 ftL. 
"The luminance during projection averaged 5.0 ftL. 
for the T, 5.2 ftL. for the H, 4.7 ftL. for the mask, 
and 1.4 ftL, for the lighted screen. 

The onset, duration, and offset of the stimuli 
.were controlled by Tektronix timing equipment 
‘located in the apparatus room. Eyelid responses 
were converted to resistance changes by a micro- 
torque potentiometer, and both direct and dif- 
ferentiated signals were recorded on a Texas In- 
struments polygraph. Sharpe HA-10A earphones 
were used to present a 75-db. white noise back- 
ground to S continuously throughout the condi- 
tioning session, and to permit E to speak to S. 
An intercom provided communication from S to E. 

Design and procedure. The present study con- 
sisted of two phases conducted on 2 consecutive 
days, At the start of Day 1, S was given standard 
instructions by E, which explained that E was 
interested in S’s natural reactions to certain events. 
After the response recording equipment was in 
place, S received additional instructions through 
the earphones which requested that S refrain from 
touching the apparatus on his head, trying to 
figure out the experiment, or voluntarily aiding 
or inhibiting his natural responses. The S was 
informed that the screen in front of him would 
light up many times during the experiment and 

. that when it was lighted he was to watch the 
* center of the screen and continue to watch it until 
it went dark again. The S then was given three 
pretrials consisting of one presentation of each CS 
and one presentation of the UCS, followed by 84 
differential conditioning trials with 12 of the Ss 
receiving the H and the other 12 receiving the T 
as CS+. The screen became lighted at the be- 
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ginning of each trial. After 2.0 sec. the CS+ or 
CS— was presented for 20 msec. On all CS4- 
trials, the UCS, which consisted of a 100-msec. 
.75 psi air puff to the right eye, was delivered 
800 msec. after the onset of the CS+. The inter- 
trial interval was 15, 20, or 25 sec., with an average 
of 20 sec. The CSs were presented in a sequence 
suggested by Fellows (1967). During Day 1, 
7 blocks of 12 trials were presented such that there 
were 6 CS+ and 6 CS— trials in each block. 
Neither stimulus appeared on more than 3 suc- 
cessive trials, 

On Day 2, S was given 12 additional differential 
conditioning trials under the same conditions as on 
Day 1. These trials were followed by 72 trials, 
half of which were nonmasked differential condi- 
tioning trials (identical to Day 1 trials) and half 
of which were masked trials. On the masked 
trials, the 20-msec. CSs were followed by the 
50-msec. masking stimulus. The SOA between 
the onset of the CS and the mask was 40 msec. 
for 12 of the Ss and 120 msec, for the other 12, 
with the letters used as CS+ and CS— in Days 1 
and 2 orthogonal to the SOA variable. The masking 
and nonmasking trials were presented in a Fellows 
(1967) sequence such that each block of 12 trials 
included 3 masked CS+ trials, 3 masked CS— 
trials, 3 nomasked CS-+ trials, and 3 nonmasked 
CS— trials, with no one combination appearing 
on more than 3 consecutive trials. 

Following the 84 conditioning trials, Ss received 
24 unreinforced masked trials, 12 with the CS+ 
and 12 with the CS—. The S was instructed to 
report verbally the name of the letter seen on the 
screen, and E recorded the responses. 


Results 


The first pen deflection of 2 mm. (1 mm. 
at the eye) or more occurring within the 
interval from 200 to 800 msec. after CS 
onset was scored as a conditioned response 
(CR). Figure 1 shows CR percentages in 
blocks of 12 trials for Day 1 and Day 2 
for the two SOA groups, collapsed across 
the CS+ letter factor. 

Differences in responding to CS+ and 
CS— over the last four blocks of trials 
during Day 1 were analyzed in a 2 X 2 
analysis of variance including the factors 
of Day 2 SOA (40 msec. vs. 120 msec.) 
and letter (H as CS+ vs. T as CS+). 
It was found that the two SOA groups 
did not differ significantly on Day 1, 
F (1, 20) = 2.96, p > .10, but that there 
was a letter effect, F (1, 20) = 6.78, p 
< .05, with more differential responding 
occurring when the T was CS+ than when 


n ,A 0 
rd POX, 
a 
ul 
Z da 
2 | 2 3.4.5.6 7 8 122-3 4 6 
2 SOA = 40 msec 
re) Oe 
© 90 ; Moe ee mo... NA 
w 80 PA / apa 
[^] pU / à 
E 70 A € a— E ~a 
li ceri 
ul 60 x 
& sot / 
1 o 
& 4of6 Lo 
30 » „-0----0-—-0 
20 0---07 herr Gee i o 
"o 
o4 9--9C$*| a—a CS* MASKED 
o 9—-9CS- | a—a CS- MASKED 
' 2 34 5 6 (oak eas 4 s 6 
BLOCKS OF TWELVE TRIALS 
FIGURE 1, 


Experiment I (n= 12/group). 


> the H was CS+. The interaction between 
4 SOA and letter was not significant (F < 1), 
Difference scores for the last six blocks 
of trials of Day 2 were analyzed in an 
- analysis of variance including SOA and 
CS+ letter as between-Ss variables and 
= masking vs. nonmasking as a within-Ss 
^ The main effect of the SOA was 
ignificant, F (1, 20) = 13.56, p < .005, 
indicating greater differential responding 
with the longer SOA. The masking vs. 
 nonmasking effect was also 'significant, 
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Mean Percentage response to CS+ and CS— on masked and 
nonmasked trials for the two stimulus on: 


SOA = 120 msec 


set asynchrony (SOA) groups of 


F (1, 20) = 13.11, p < .005, indicating 
greater differential responding on non- 
masked trials than on masked trials. The 
interaction between SOA and masking was 
also significant, F (1-20) 14.89, p 
X .001, and subsequent / tests indicated 
that for the 40-msec. SOA group there was. 
significantly less differential responding on 
masked trials than on nonmasked trials, 
t (11) = 4.49, p < .01. No significant dit- 
ference was found between masked and. 
nonmasked trials with the 120-msec. SOA, 


t (11) —.24. When masked trials for the 
two SOAs were compared, differential re- 
sponding was found to be greater with the 
120-msec, SOA than with the 40-msec. 
SOA, £ (11) = 4.83, P «.01. No signifi- 
cant difference was found when perform- 
ance of the two SOA conditions was 
compared on nonmasked trials, ¢ (11) 
. 7.99. The main effect of CS4- letter was 
'* not significant, F (1, 20) = 1.70, pists 
nor were any of the interactions involving 
the letter variable, (Fs < 1). 

An analysis of variance was also per- 
formed on the Day 2 masked-trial CR 
frequencies for the 40-msec. SOA group. 
This analysis included trial blocks and 
CS+ vs. CS— as factors, and revealed no 
significant difference in responding to CS4- 
and CS—, F (1, 11) = 1.01, p > .20, and 
no significant interaction between this 
factor and trial blocks, F (3055) £1.31; 
p > .25. The main effect of trial blocks 
was significant, however, F (5, 55) = 3.63, 
p «.01, as were the linear component, 
F (1, 11) = 13.10, p < .005, and the quad- 
ratic component, F (1, 11) = 10.63, p 
< .01, of this main effect. 

The number of correct judgments made 

“following conditioning trials on Day 2 was 
computed for each S. The Ss in the 
120-msec. SOA condition correctly iden- 
tified more letters (98.7% correct) than 
did Ss in the 40-msec. SOA condition 
(41.5% correct), with no overlap between 
the distributions of correct judgments for 
the two SOA groups. 

Five of the 40-msec. SOA Ss and two 
of the 120-msec. SOA Ss were classified 
as voluntary form responders during Day 2 
on the basis of the Hartman and Ross 
(1961) criterion. Since the SOA effects 
appeared essentially identical with these 
Ss omitted, no separate analyses of the 
data of V and C form responders were 
carried out. 


i EXPERIMENT II 


The design and procedure of Experi- 
ment II were similar to those of Experi- 
ment ] except that auditory stimuli were 
used, and the SOA values, 80 and 300 


“BACKWARD MASKING IN SINGLE CUE AND DIFFERENTIAL CONDITIONING 607 


msec., were selected on the basis of data 
presented by Massaro (1970). Since pilot 
work revealed very little masking when 
the frequency of the masking tone was 
intermediate between the two test tones, 
a higher frequency masking tone was used. 
Verbal reports of the pilot Ss indicated 
that with an intermediate masking tone 
the judgments were made on the basis of 
increase or decrease in the test-to-mask 
pitch, but that this strategy could not be 
employed with the higher frequency mask- 
ing tone. 


Method. 


Subjects. Fifty-eight students enrolled in a course. 
in introductory psychology at the University of 
Wisconsin participated in the study in order to 
earn experimental points, Of these, 31 failed to 
meet the Day 1 differential conditioning criterion 
described in Experiment I, and 3 were not con- 
tinued due to E error. The remaining 24 Ss were 
randomly assigned to the experimental groups with 
the restriction that the ratio of males to females 
be approximately the same in each group. The 
80-msec. SOA group contained 7 females and 5 
males, while the 300-msec. SOA group contained 
6 males and 6 females. 

Apparatus. The study was conducted in a three- 
room laboratory. Two of the rooms contained an 
ophthalmologist's chair where Ss were seated facing 
a movie screen. The third room contained pro- 
gramming and recording equipment. The response 
recording system was similar to that described in 
Experiment I except that solid state timing equip- 
ment and a Beckman dynograph were used. The 
intertrial intervals, CS-UCS interval, and UCS 
were identical to those employed in Experiment I. 

Pure tone stimuli were generated by Hewlett- 
Packard ABR audio oscillators and were presented 
to Ss through Sharpe HA-10A earphones, A Gra- 
son-Stadler electronic switch controlled the onset 
and offset (~10 usec.) of the stimuli, and a Grason- 
Stadler white noise generator provided 65-db. con- 
tinuous background white noise. The two CSs 
(30 msec.; 800 and 1,100 Hz.) and the masking 
stimulus (50 msec.; 2,100 Hz.) were presented at 
an intensity of 20 db. above the white noise level 
of 65 db. "These intensities were determined by 
matching the sound levels in the earphones to 
previously determined values (Wilcox & Ross, 
1969) by the use of a Bruel-Kjaer Type 2203 
sound meter and Type 4153 artificial ear. 

Design and procedure, As in Experiment I, Ss 
were tested on 2 consecutive days. During Day 1, 
Ss were given 84 differential conditioning trials. 
The sequence of CS+ and CS— and the ISI were. 
the same asein Experiment I, and the procedure, 
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-— including instructions and pretrials, was similar to 
that in Experiment I, For half of the Ss in each 


. SOA group, the CS+ was the 800-Hz, tone and 


they should pay attention to the first one, judging 
Whether it was the lower or the higher tone. 


CS— was the 1,100-Hz. tone. The contingencies 
were reversed for the remaining Ss. Day 2 pro- 
-cedure and the sequence of masked and nonmasked 
— trials were also the same as in Experiment I. 

On masked trials, the 30-msec, tone CSs were 
followed by a 50-msec. masking tone. The SOA 
was 80 msec. for 12 of the Ss and 300 msec. for 
_ the other 12, with CS4- frequency orthogonal to 
-. the SOA factor, 

Following. the Day 2 conditioning trials, the 
headset was removed, and Ss were instructed that 
they would hear two tones close together and that 


Twenty-four unreinforced masked trials were pre- 
sented (12 CS+ and 12 CS—), and S recorded 
his responses on a form provided for that purpose. 


Results 


Conditioned responses were scored as 
described in Experiment I. Fi igure 2 shows 
the percentage of CRs in blocks of 12 
trials for Day 1 and Day 2 for the two 
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SOA groups, collapsed over CS+ fre- 
quency. A 2 X 2 analysis of variance was 
performed on Day 1 data using difference 
Scores summed over the last four blocks 
of trials and including frequency of CS4- 
and Day 2 SOA (80 msec. vs. 300 msec.) 
as factors. The effects of frequency of 
CS+, Day 2 SOA group, and the inter- 
action between these two factors all failed 
to reach significance (all Fs < 1). 

An analysis of variance was performed 
on the Day 2 data using difference scores 
summed over the last six blocks of trials 
and including frequency of CS+ and SOA 
as between-Ss factors and masked vs. non- 
masked trials as a within-Ss factor. 
Neither the frequency of CS+ nor the 
interactions involving this factor were sig- 
nificant (all Fs < 1). The main effect of 
masked vs. nonmasked trials was signifi- 
cant, F (1, 20) = 19,08, p < .001, and the 
main effect of SOA approached significance, 
F (1, 20) = 4.32, p < .10, despite the fact 
that this main effect averages masked and 
nonmasked trials. Most importantly, the 
interaction between masking vs. nonmask- 
ing and SOA, which is apparent in Figure 2, 
was confirmed by the analysis, F (1, 20) 
= 4.47, p < .05. Subsequent £ tests in- 
licated the 300-msec. SOA group’s dis- 
crimination performance on masked trials 
was better than that for the 80-msec, SOA 
group, £ (22) = 3.09, p< .01, but that 
there was no significant difference between 
the two SOA groups in discrimination per- 
formance on trials without masking, ¢ (22) 
:.95, p > .30. Discrimination perform- 

ance was significantly poorer on masked 
than nonmasked trials under both the 
80-msec. and 300-msec, SOA conditions; 
i (11) = 3.91, p < .01, and t (itp = 2532) 
p < 05, respectively. 

An analysis of variance was performed 
on the masked trial CR frequencies for 
the 80-msec. SOA group. The analysis 
included CS+ vs. CS— and trial blocks 
as factors. There was no CS+ vs. CS— 
effect (F « 1), and there was no signifi- 
cant interaction of this factor with trial 
blocks, F (5, 55) = 1.27, p> .25. The 
main effect of trial blocks was significant, 
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however, F (5, 55) = 3.87, p < .01, and 
a trend analysis indicated that there were 
significant quadratic and cubic compo- 
nents, F (1, 11) = 7.87, P «.025, and 
F (1, 11) — 8.34, b < .025, respectively. 
Six of the 300-msec. SOA .Ss and three. 
of the 80-msec. SOA Ss were classified as 
voluntary form responders on the basis 
of the Hartman and Ross (1961) criterion, 
Since examination of the V and C form 
responders revealed similar SOA effects, 
no separate analyses were carried out. S 
The mean percent correct identifications 
of the masked high and low tones follow- 
ing conditioning were 95.1 for the 300- 
msec. SOA group and 72.2 for the 80-msec, 
SOA group. A Mann-Whitney test per- 
formed on the number of correct judgments 
indicated that Ss in the 300-msec. SOA 
group correctly identified the tones more D. 
than did Ss in the 80-msec. SOA group, . 
U (12, 12) = 19, p < .002. 


EXPERIMENT IlI 


The results of Experiments I and II 
clearly show that a masking stimulus pre- 
sented at the appropriate SOA can severely 
impair differential conditioning perform- 
ance. These results are expected if a 
recognition process is necessary for dif- 
ferential conditioned responding, and if 
backward masking affects this recognition: 
process as it affects recognition in the 
usual masking situation. 

The prediction with respect to the ef- 
fects of a masking stimulus on single-cue 
conditioning is quite different, 1f only 
detection, not recognition, is necessary for 5 
single-cue conditioning, backward masking - 
effects should not occur. The purpose of 
Experiment III was to determine if the 208 
masking conditions that proved effective 
in greatly attenuating differential condi- 
tioning in Experiment II would reduce 
single-cue conditioning performance. 

A problem in assessing backward mask- 
ing effects in single-cue conditioning is the — 
difficulty in distinguishing CRs to the cS: 
from those to the masking stimulus. Thus, | 
even if backward masking effects were to 


revent conditioning to the CS, condi- 

—— tioned response levels might be quite high 

- due to the masking stimulus functioning 

- as a CS. Since the latencies of CRs are 

quite variable, it is impossible to distin- 
guish which stimulus, CS or mask, is 

responsible for a CR on any trial. 

A possible solution to the problem of 

assessing masking effects on single-cue con- 

ditioning was suggested by the fact that 
he function relating single-cue condition- 

g performance to the CS-UCS interval 

quite steep in the 250-500 msec. range 

(Ross & Ross, 1971). It was therefore 

- possible to employ the SOA value found 
ffective in Experiment II so that good 

"conditioning would be expected if the CS 

unctioned as a CS, but poor conditioning 

would be expected if the CS was masked 

- and conditioning depended upon the mask- 

ing stimulus functioning as a CS. More 

‘specifically, short-SOA masking groups 

ere given single-cue conditioning with a 

330-msec. CS-UCS interval and an 80- 

‘msec. SOA (the short SOA value from 

Experiment II). Thus, the masking stim- 

lus-UCS interval was 250 msec. The 

oss and Ross data found response levels 

- of 21.5% and 71.1% for trace conditioning 
at 250 and 350-msec. CS-UCS intervals, 
respectively, so that good conditioning was 

expected in the present short SOA groups 

only if the CS retained its function, since 
the 250-msec. mask-UCS interval would 
be too short for good conditioning to occur 

the masking stimulus. The Ss in one 

_ short-SOA group had the same CS on all 

| trials, either an 800- or 1,100-Hz. tone, 
while Ss in the other short-SOA group 

received an 800-Hz. tone on half of the 

7 trials and an 1,100-Hz. tone on the other 

half, , 

A The data of the short-SOA single-cue 
roups in the present study were com- 
ared to those of three other groups: 
A long-SOA masking group with a 230- 

msec. SOA; a CS-only (no masking) group, 

whose CS-UCS interval of 330 msec, was 
equal to that of the three masking groups; 
and a mask-only group, whose mask-UCS 
interval of 250 msec. was equal to that of 
the two short-SOA groups. . 
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Only auditory stimuli were employed, 
The SOA values of Experiment I 
such that similar single-cue groups coit 
not be tested with visual stimuli since ibe 
CS-UCS and mask-UCS intervals wo: 
have been too similar (a difference of on 
40 msec.) to expect conditioning differen: ^s 
large enough to evaluate any poss 
masking effects. 


Method 


Subjects. Forty-two students enrolled in a cou 
in introductory psychology at the University of 
Wisconsin participated in the study in order o 
earn experimental points. Of these, 2 were | 
due to apparatus failure, with the remaining ‘0 
randomly assigned to the experimental groups w h 
the restriction that each group contain half m 
and half females. The Ss in the short-SOA g ) 
which received both tone frequencie CSs were 
tested approximately 1 wk, later than Ss in : 
groups. 

Apparatus and design. The apparatus, audi ry 
stimuli (both CSs and masking stimulus), inter: il 
intervals, and UCS were identical to thosc \- 
ployed in Experiment II. 

The 80 conditioning trials were given in ne 
session. One short-SOA group received the 800- z. 
CS on half of the trials and the 1,100-Hz. C^ on 
the other half in the same sequence as Ss in 'x- 
periment II, Thus, the experimental conditions 
for this group were identical to those of Ex; 
ment II except for a shorter CS-UCS interval aid 
the fact that the UCS occurred on every tric. 
The other short-SOA group and the long-SOA 
group were conditioned with either the 800- or 
the 1,100-Hz. CS, with frequency of CS orthogonal 
to sex of S. Both of the short-SOA groups had 
a CS-UCS interval of 330 msec. with an SO^ of 
80 msec., while the long-SOA group had the s 
CS-UCS interval with a 230-msec. SOA. This 
SOA was necessarily shorter than the 300-msec. 
long SOA in Experiment II, since the use of that 
interval in the present study would have resulted 
in the mask overlapping the UCS. The CS-alone 
group also had a CS-UCS interval of 330 msec. 
while the mask-alone group had a 250-msec. mask 
UCS interval identical to that of the short SOA 
groups. The instructions and procedures were the 
same as in Experiment II. 

Following the end of conditioning, Ss in the 
long-SOA masking group and the short-SOA mask- 
ing group that received a single CS were given 
10 presentations of the CS and mask and 10 pres- 
entations of the CS alone and were asked to report 
after each trial whether one or two tones were 
heard. The Ss in the short-SOA masking group 
that received both tones as CSs were given post- 
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FIGURE 3. Single-cue conditioning performance 
under backward masking and control conditions. 
(Short SOA-1 Ss received one CS frequency during 
conditioning, short SOA-2 Ss received two CS 
frequencies during conditioning—n = 8/group.) 


conditioning CS identification trials identical to 
those given in Experiment II. 


Results 


The conditioning performance of the five 
groups is shown in Figure 3 as percentage 
of CRs as a function of blocks of 10 trials. 
The short-SOA group that received one 
CS is labeled as short SOA-1, while the 
short SOA group that received both CSs 
is labeled short SOA-2. It is clear that 
the three SOA groups and the CS-alone 

. group showed very similar high levels of 
conditioning in contrast to the much lower 
level of performance of the mask-alone 
group. An analysis of variance involving 
the factors of experimental groups and sex 
of S, performed on the number of CRs 
in the last four blocks of trials, support 
the observed differences, The treatment 
effect was significant, F (4, 39) = 11.48, 
p «.001, with a subsequent Newman- 
Keuls test showing that the mask-alone 
group differed significantly (P < .01) from 
the other four groups, which did not differ 
among themselves. Neither the sex of S 
nor the interaction of that factor with 
experimental groups reached the .10 level. 


While Ss were classified as voluntary or 
conditioned form responders according to 
the derivative criterion, there appeared to 
be very similar results for both C and V 
form responders, and this factor was no 
analyzed further. Y 

Only 1 of the 16 Ss who received single- 
CS masked trials failed to correctly detect 
whether one or two stimuli were presented . 
on the 20 trials following conditioning. - 
The average correct identification of 
masked CSs for the short-SOA group that 
received both CSs during conditioning was 
73.8%, a value that corresponds closely to 
the 72.2% correct identification found in 
Experiment II. 

The data of this experiment lead to the 
conclusion that masking procedures which 
severely reduce recognition and differential 
responding have no effect on the level of 
conditioning obtained when the same stim- 
uli are used as CSs in single-cue classical 
conditioning. 


Discussion 


The data of these experiments clearly de- 
monstrate that differential classical condition- 
ing is severely impaired when a masking 
stimulus follows the CS+ and CS— under 
conditions that have produced backward mask- 
ing in studies in which recognition has been 
defined by verbal or voluntary motor re- 
sponses. These parallel masking effects in- 
dicate that the processes affected by the 
masking stimulus in the two situations are 
similar, or have similar functions, although 
it cannot be concluded that the function, 
relating. masking to SOA is identical for the 
two types of responses. Certainly, however, 
the masking effects obtained with the two 
SOAs employed in the present study are those 
that would be predicted from the data of the 
Massaro (1970) and Turvey (1973) studies, 

The present results also support the posi- . 
tion that recognition processes are essential 
for differential conditioning, since the effect 
of the short-SOA masking stimulus in reducing 
differential conditioning performance appears | 
to be due to its effect on recognition of the 
CS+ and CS—. The data of Experiment III 
are consistent with the position that recogni- 
tion processes are necessary for differential 
but not fer single-cue conditioning, since these 


data demonstrate that a masking stimulus 
^ does not reduce the level of single-cue con- 
ditioning under the same conditions that 
greatly reduce, if not eliminate, differential 
conditioning. 

Comment should be made regarding the 
- fact that while differential responding to the 
-. CS+ and CS— in Experiments I and II was 
minimal under short-SOA masking conditions, 
the response level to these cues started at a 
relatively low level and then increased across 
trials in both studies. There appear to be 
at least two possible reasons for this increase. 
The first is that the increase in response levels 
may have reflected conditioned responding to 
the masking stimulus, which was present on 
1 trials, reinforced 50% of the time, and 
resent at a mask-UCS interval such that 
onditioning could occur. The second is that 
the increase in responding may have been to 
the CS+ and CS—, which presumably were 
not distinguishable and therefore might have 
effectively functioned as a single stimulus 
also reinforced on 50% of the trials. 
With respect to the first possibility, ac- 
uisition to the partially reinforced masking 
“stimulus, a question might be raised as to 
E if this occurred under short-SOA condi- 
- tions it did not also occur under long-SOA 
- conditions where the masking stimulus was 
also present and reinforced on 50% of the 
trials. Under the long-SOA conditions, how- 
ever, the CS+ and CS— were still effective 
differential cues, and it seems unlikely that 
he addition of the masking stimulus, which 
was without information value, would effect 
the strong response tendencies that had been 
established to the CS+ and CS— and were 
| maintained by the nonmasked trials. Thus, 
_ the absence of an increase in responding on 
_ masked trials under long-SOA conditions does 
` fot rule out such an increase to the masking 
~ stimulus under short-SOA conditions where 
le CSs are masked and ineffective as dis- 
iminative stimuli. 
The second possibility with respect to the 
creased responding on the short-SOA masked 
als, i.e., that acquisition was to the masked 
4 S+ and CS— which effectively functioned 
“as a single stimulus receiving 50% reinforce- 
nt, appears plausible, since the data of 
xperiment III indicate that a stimulus which 
s detected can serve as a quite adequate CS 
even if it is masked so that it cannot easily 
Z be discriminated from other similar stimuli. 
Regardless of the source of the increase in 
responding to both the CS+ and CS— on 
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short-SOA masked trials, the SOA effects on 
differential conditioning performance cle.*!y 
appear to be due to backward masking. ie 
only other plausible alternative would be t 
the SOA difference reflected some kin 
cognitive set, interference, or distraction f: 
tor. If such factors were responsible for ‘he 
effects, however, the nonmasked trials wo 
also be expected to be similarly affected unioss 
the processes operated only within the : 
UCS interval on masking trials and did not 
carry over to contiguous nonmasked tri 
This seems unlikely, and the fact that - 
nificant differences were found as a functi à 
of SOA on the judgment trials following « 
ferential conditioning also points to a decre: o 
in recognition as the factor that was resp: 
sible for the poor differential condition: 
when the short SOA was used. 

Finally, it should be noted with respect o 
Experiments I and II that Ss whose data ~ e 
presented were highly selected on the b: 
of their differential conditioning performa 
during Day 1. Obviously, it was neces: 
to obtain reasonable differential condition: 
performance prior to Day 2 in order to 
amine the effects of masking on different- 
conditioning. Since the CS+ and CS— in 
both experiments were much more sim 
than those commonly used in differential c 
ditioning studies, poorer differential cor 
tioning was obtained and many Ss did not 
meet the criterion for continuing in the stuc v. 
However, once S met the differential condi- 
tioning criterion, his masking data were used. 
Thus, while 5s were highly selected for thcir 
good differential conditioning, they were naive 
regarding masking. 
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Although current research (Levy, 1971; 
urray, 1968; Peterson & Johnson, 1971) 
as shown the importance of acoustic (AC) 
and articulatory (AR) information about 
- memory items to short-term memory 
STM), the roles of these two types of 
formation are not yet fully explored. 
To be precise, it is still not quite clear 
how these two factors operate and inter- 
- act, and which, if either, is dominant. 
= The current attempts to untangle these 
two types of information tend to define 
them externally so they can be orthogo- 
nally manipulated. In general, items to 
be remembered are presented visually. 
Acoustic information about the items is 
provided by simultaneous auditory pres- 
entation of the visual items. Articulatory 
nformation is controlled by asking (or 
allowing) S during presentation to silently 
rehearse the items or to inaudibly repeat 


zx; 


-The author is greatly indebted to Robert G. Crowder 
for his advice 
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DIFFERENT ROLES OF ACOUSTIC AND ARTICULATORY 
INFORMATION IN SHORT-TERM MEMORY ' 


CHAO-MING CHENG * 


Yale University 


Thirty-two Ss attempted ordered recall of strings of seven consonants, F, G, 
K, M, R, V, and Y. Each consonant is intrinsically correlated with a dis- 
tinctive vowel phoneme when named as a letter. The experiment investigated 
whether suppressing these correlated vowel phonemes of the consonants by 
pairing each consonant with the redundant vowel /a/ would have the same 
effect on recall in the two input modes—auditory and articulatory. It 
found that suppressing the vowel phonemes through the auditory mode had a 
selective interference effect on the recall of late items, whereas that through 
articulation had a nonselective effect across the whole list. A three-component 
model of short-term memory was discussed based on these findings. 


as 


an irrelevant item (Levy, 1971; Mu 
1968), to count numbers backward (P 


Ly 


son & Johnson, 1971), or to extend his 
tongue between his teeth (Gumenik, 1° 9). 
The use of this rehearsal control techn jue 
is traceable to Pintner (1913) and ca. ies 


the assumption that the irrelevant ve bal 
“activity” is neutral with respect to ‘he 
memory task, producing no direct i: er- 
ference effect. 

Using this paradigm, both Murray (1 
and Peterson and Johnson (1971) f: 
significant effects of AC and AR inforna- 
tion on STM, but a more detailed de- 
scription about the role of each factor was 
given by Levy (1971). The Levy study 
showed that both factors were equally ef- 
fective when present alone, and the pres- 
ence of both together was not more 
effective than either alone. This com- 
plementary and nonadditive outcome might 
Suggest a redundancy of one type of in- 
formation when both are present. This 
study, however, was unable to point out 
which of the two is redundant because of 
the equally effective and nonadditive re- 
sults. Further, there are many other 
possibilities that might result in that non- 
additive outcome. 

Like previous research, the present study 
tried to evaluate the roles of AC and AR 
information through investigation on how 
short-term recall was affected by informa- 
tion suppression in the two modes—audi- 
tory and articulatory. Unlike previous 
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research, only partial information about 
memory items was suppressed in the 
present study. The way to accomplish 
this was to select memory consonants 
(F, G, K, M, R, V, and Y) which are 
phonetically distinctive because each is 
correlated with a distinctive vowel pho- 
neme when named as a letter. The ex- 
periment investigated whether suppressing 
these correlated vowel phonemes, by 
pairing each consonant with the redundant 
vowel /a/, would have the same effect in 
the two modes. A significant consequence 
of using this method is that as the vowel 
phonemes were suppressed, the memory 
consonants became highly phonetically 
confusable. It is therefore convenient to 
regard the present paradigm as a method 
of independent manipulation of the AC 
and AR similarity among the memory 
items. 

This partial information suppression 
method applied to the two modes is 
similar to the conventional rehearsal con- 
trol technique in the sense that it reaches 
the purpose of rigid control of articulation. 
They differ from each other in that the 
present method does not introduce an ir- 
relevant verbal activity into the memory 
task to control rehearsal during or after 
presentation, whereas the use of the con- 
ventional method should assume that the 
irrelevant verbal activity produces no 
direct interference effect on the memory 
task and no changes in the memory state. 


METHOD 


Stimulus materials. The stimulus vocabulary 
consisted of seven consonants—F, G, K, M, R, V, 
and Y, They were chosen to be as low as possible 
in phonetic confusability when named as letters, 
but become highly confusable when their vowel 
phonemes are suppressed by pairing each con- 
sonant with the redundant vowel /a/ (sound as AH ). 
The AC stimuli were 60 random permutations of 
the seven consonants, tape-recorded in two ver- 
sions. The “dissimilar” version consisted of the 
names of the consonants. The "similar" version 
consisted of the same sequence of the consonants 
paired with /a/. The AC stimuli were machine 
generated, prepared on the Haskins Laboratories 
parallel resonance synthesizer. The lists were also 
typed on the filmstrip for visual presentation. In 
visual form, a consonant appeared either alone or 
in the company of a succeeding letter A. 
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Apparatus. The equipment consisted of a Wol- 
lensak tape recorder, a Hunter noise-operated 
relay, and a Dukane filmstrip projector. Acoustic 
stimuli recorded on the tape were passed through 
the relay to pulse the filmstrip projector advance 


control, thus presenting AC and visual information 2 


about the memory items almost simultaneously. 
Design. Articulatory information, defined as 


kinesthetic feedback from .S’s rehearsal, was pro- 


vided by .S himself, who was asked to silently 
articulate each item once immediately after its 
auditory presentation. For the control of articula- 
tion, S silently mouthed either the consonant 
names or the consonant with /a/, independently 
of their auditory versions. To help S rehearse 
as the requirements for each condition specified, 
visual consonants appeared either alone or in the 
company of A to remind .S of the dissimilar or 
similar articulation, respectively. The presentation 
of the visual information also had the advantage 
of minimizing listening errors. It should be noted 
that one- and two-letter visual stimuli were not 
necessarily scaled for visual similarity and may 
or may not represent two levels of visual similarity 
of the consonants. There is no evidence, however, 
that visually presented consonants with the re- 
dundant letter produce more perceptual or recall 
errors than the consonants presented alone do. 
Indeed, attempts to show short-term recall for 
verbal items as a function of visual similarity: 
have not been successful (e.g., Cimbalo & Laughery, 
1967; Laughery & Harris, 1970). 

The S's task on each of 60 trials was to recall 


sequentially the consonants that had been audi- - 


torily and visually presented and silently rehearsed. 
The variation of the similar vs. dissimilar versions 
of the stimuli was accomplished both in the AC 
and AR mode, forming a 2 X2 X7 factorial 
design with repeated measures on both factors 
and serial position (SP). The resulting four con- 
ditions were: (a) acoustically similar and similarly 
articulated. (ACS-ARS), (b) acoustically similar 
and dissimilarly articulated (ACS-ARD), (c) acous- 
tically dissimilar and similarly articulated (ACD= 
ARS), and (d) acoustically dissimilar and dissimi- 
larly articulated (ACD-ARD) conditions. For 
example, in ACS-ARD, the similar version of the 
stimuli, /fa, ga, ka, ma, ra, va, ya/, was auditorily 
presented. The corresponding visual consonants 


to the above sequence under this condition, F, G, — - 


K, M, R, V, Y, appeared on the screen, and S 
was asked to inaudibly rehearse the sequence in 
the dissimilar condition, i.e., to rehearse the con- 
sonant names. 


There were 15 trials for each condition. Each S 


received the same sequence of stimuli in the same 
order and, since the order of the conditions was 
determined by a 4 X 4 balanced Latin square, 
conditions were unconfounded with practice and 
individual stimuli. The Latin square specified the 
order of receiving the four conditions for each S 
so as to balance first-sequence effects. 


Procedure. Each list was sequentially presented: 


at the rate of 1 item/sec. There was a tone signal 


TABLE 1 


_ TOTAL PERCENT ERRORS FOR EACH CONDITION AND 
á SERIAL POSITION 


Serial position 


b Condition 


E 1419 (ela Pac aN Sl ot 
CS-ARS | 28.5 | 43.8 | 55.2 | 60.0 | 62.3 | 61.9 | 51.5 
ACD-ARS | 354 | 825 | 67.3 | 67.9 | $8.3 | 56.9 | 20.0 

- ACS-ARD | 14.6 | 35.0 | 43.1 | 46.0 | 49.8 | 48.5 | 33.1 
ACD-ARD | 10-4 | 25.8 | 39.6 | 43.5 | 38.8 | 37.7 | 13.3 


Note. See text for explanation of group names. 


n the tape for both the beginning and end of the 


_ The Ss were tested individually, and each S was 
tructed that the task was immediate memory 

consonants. On an instruction sheet, the 
mulus vocabulary, sequential recall, and silent 
'hearsal were specified and emphasized. For each 


- which described the version of the AC stimuli and 
the way he should rehearse in the condition. After 
5 read the instructions, he listened to 12 spoken 
consonants, either in the similar or dissimilar 
rsion, with one item at a time, and practiced 
his rehearsal in the manner the condition required. 
he way S should rehearse each item was to be the 
me as the way he pronounced the item, but no 
dible sound was to be made. He was also in- 
ucted to mouth visibly so that E could detect 
that the correct pronunciation was being used. 
During the second training period, S was given 
three lists of the seven consonants from the tape 
- in order for him to comprehend the synthetic 

- Sounds. 

i In all conditions, 5 was asked to write the con- 
= sonant letters on his answer sheets, but not the 
accompanying redundant vowel. On the answer 
_ sheets provided, it was pointed out to S that a 
‘Space was indicated for each of the seven serial 
ositions and he should resist the temptation to 
depart from a strict left-to-right order in writing 
own recall. 

-. Subjects.. Thirty-five students enrolled in an 
“introductory psychology course at Yale partici- 
“pated in the experiment. Three of them were 
ropped because of failure to follow the task in- 
“struction. The Ss were assigned to one of the 


four presentation sequences according to their order 
-of arrival. 


RESULTS 


AS The results are presented in Table 1, 

j ich shows error rates as a function of 
serial position separately for the four con- 
: ditions. Each score represents the ob- 
_ served total percent errors for each condi- 
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tion and serial position, summed «ross ] 


the 32 Ss. It appears that the error rates 
were strongly affected by AC ani AR 
similarity. An analysis of variance © the 
errors showed a significant effect o: AC 


similarity, F (1, 31) = 5.23, p < .&^ of 
AR similarity, F (1, 31) = 136, p 5, 
and of SP, F (6, 186) = 62.33, p < 05. 
Thus, the present results confirm the ; re- 


vious finding in the literature that th 
AC and AR information are used in 5! 4l. 
However, the results showed a differe: al 
serial position memory associated \ ih 
each type of information, evidenced b a 


significant AC Similarity X SP interact, 
F (6, 186) = 21.46, p < .005, and a non- 
significant AR Similarity X SP interaction, 
The significant AC Similarity X SP in cr- 
action was largely attributable to a : ;n- 
sistent selective AC effect on the reall 
of the items on the last two positi i8, 
z = 3.78, p < .001 (Wilcoxon test), rai <er 
than on the earlier ones. 

Figure 1 is a convenient representa: on 
of the net modality effect—the combi ed 
advantage for each type of information 
distinctiveness—against serial position. 
The scores for the AC advantage are ‘he 
algebraic difference between the mean per- 
cent errors in the two conditions vith 
confusable AC information and thosc in 
the two conditions with distinctive ^C 
information. The scores for the AR ad- 
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FiGURE 1, The net effect of information distinc- 
tiveness as a function of serial position. 


vantage are the algebraic difference in 
mean percent errors between the two ARS 
and two ARD conditions. It is clear from 
Figure 1 that the present information 
distinctiveness in the AR mode benefits 
memory with a relatively constant 19% 
correct recall across the seven positions, 
whereas that in the AC mode benefits 
only the last three positions, with an ad- 
vantage of 25.6% correct recall for the 
last position. The net AC effect at earlier 
positions, which tended to be negative, as 
shown in Figure 1, was not significantly 
different from the chance level. Thus, it 
can be concluded that AR information is 
relatively important to STM for the whole 
list, whereas AC information has its re- 
sponsibility for the recall of late items. 
A greater AC than AR effect occurring on 
the terminal position was significant by a 
Wilcoxon test, = 2.94, p < .01. 

The overall AC Similarity X AR Simi- 
larity interaction across all positions was 
significant, F (1, 31) = 7.42, p < .05. 
However, this two-way interaction re- 
stricted to the last two positions, on which 
both AC and AR information showed their 
prominent main effects, did not reach a 


: statistical significance. This indicates that 


the significant overall interaction is prob- 
ably a consequence of the occurrence of 
inconsistent recall performance against an 
interpretation of AC effects on earlier po- 
sitions. As the two conditions of ACS- 
ARD and ACD-ARD differed only in AC 
similarity, the poorer recall with the former 
condition on the first four positions might 
be interpreted as a consequence of AC 
effects at these positions. This interpreta- 
tion, however, is difficult to reconcile with 
the poorer memory observed in ACD-ARS 
than in ACS-ARS at the same positions. 
In other words, these "early" discrepancies 
inconsistent with the prediction of AC 
similarity are not being assigned to AC 
memory in this analysis. 


DISCUSSION 


Although it was found that the source of 
information for rescuing late items is acoustic 
in nature (Crowder & Morton, 1969; Mur- 
dock, 1966, 1967), the recall of late items is 
not based exclusively on AC cues. The 
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present experiment has shown articulatory 
cues to be used as well, and they tended to 
act with AC cues in an additive manner—a 
manner that contrasts with the Levy (1971) 
finding that AC and AR information do not 
sum if both are present. The recall of the 
early and middle items, on the other hand, 
was essentially based on AR cues. The ab- 
sence of AC effects on these positions can be 
interpreted more parsimoniously with a con- 
cept of limited capacity of the AC system 
than with a concept of information decay, 
since the duration from presentation to recall 
for each item was relatively controlled under 
the present serial presentation and ordered 
recall situation. 

The implications of the present results will 
be discussed with reference to the well-known 
serial position effect. The manipulation of 
the AC variable has been shown to result in 
changes in the shape of the serial position 
curve, primarily due to the changes in the 
slope of the recency segment, whereas the 
variation of the AR variable resulted in 
changes in the elevation of the curve, but 
not its shape. It seems clear that the forma- 


tion of the U-shaped curve can be accounted _ 


for by reference to these two variables, but 
only in part. The formation of the usual 
primacy effect is still left unexplained by 
these two variables, and should therefore be 
based on some other factor independent of 
the actions of these two variables. The 
present data do not speak to what this factor 
might be, yet the research by Kintsch and 
Buschke (1969) suggests a possibility of a 
semantic factor. They demonstrated that the 
probed recall of early words in the lists 
was strongly affected by semantic similarity, 
whereas that of recent words was correlated 
with phonetic similarity. Thus, a short-term 
retention seems to be involved with three 
independent components—acoustic, articula- 
tory, and semantic. 

Current attempts to distinguish short- from 
long-term memory have been complicated by 
inconsistent findings of the variables to which 
these two types of memory are respectively 
sensitive. A solution is to regard short- and 
long-term memory as different points on a 
continuum of information processing, to which 
different cues contribute differently depending 
upon the nature of their time dependency. 
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The experiment examined the effects of differing degrees of grouping structure 
or variation on recall for letter sequences. Three levels of input variability. 
(high, moderate, and zero), were employed, defined in terms of the number 
of different spatial grouping rules imposed upon the letter sequences. Degree 
of variation was manipulated both as a between-Ss and a within-Ss variable 
during training, and as a between-Ss variable in a subsequent transfer task. 
Recall was directly related to degree of input variability when treated as a 
between-Ss variable, indicating that S tended to ignore the E-imposed group- 
ing and encode the sequence in a more unitary fashion when the input was more 
variable. In contrast, when input variability was treated as a within- Ss 
variable, recall was high and approximated that of the high-variability be- 
tween-Ss condition. Recall in the transfer task was largely dependent upon the 
coding strategy developed during training, and was unaffected by differing 
degrees of variation in the transfer task. 


A traditional assumption in human learn- 
ing and memory has been that the stability 
of a functional encoding depends upon the 
stability or consistency of nominal stimulus 
input. In a series of experiments, Bower 
and Winzenz (1969) provided support for 
this assumption by showing that memory 
for randomly generated digit sequences, 
which were grouped by pauses during audi- 
tory presentation, improved only if the 
sequences were grouped consistently over 
presentations. When the temporal group- 
ing of a digit sequence varied on successive 
presentations of the sequence, no improve- 
ment in recall was observed. Thus, Bower 
and Winzenz's findings indicate that varia- 
tion in the structural properties of the 
sequence on successive presentations im- 
~ pairs memory for digit sequences. Similar 

results have been reported by Winzenz 

(1972). 

In contrast, Ellis, Parente, and Walker 
(1974) recently reported that recall of 
letter sequences was superior when they 
were grouped differently rather than identi- 
cally on successive presentations. The 
letter sequences were derived from trigram 

. doublets (e.g., CUPNET), and variability of 
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nominal input was defined in terms of 
different spatial groupings of the letter 
Sequences on successive visual presenta- 
tions (e.g., CU PN ET, C UPNET, CU PNE T, 
C UPN ET). Variation in the nominal stim- 
ulus, as defined by Ellis et al., led to a con- 
siderably higher level of recall than con- 
ditions of consistent perceptual grouping 
of the letter sequences. In explanation of 
these results, a perceptual regrouping hy- 
pothesis was proposed, the basic assump- 
tion of which is that variation in the Æ- 
imposed grouping rule or structure for 
given letter sequences increases the likeli- 
hood that S will discover the underlying 
structure (preexperimentally developed) of 
the particular sequence. The underlying 
or "inherent" structure refers, in this in- 
stance, simply to the pronounceable, highly 
integrated unit based upon the letter se- 
quence. Since the perceptual configuration 
of the sequence, which is irrelevant to the 
subsequent memory task, changes on each 
presentation under conditions of varied 
input, S is more likely to recognize the 
irrelevancy of the E-imposed structure and 
to attempt to encode the sequence in a 
unitary fashion which enhances recall. 

An important assumption of- the per- 
ceptual regrouping hypothesis is that vari- 
able stimulus input will enhance recall only 
when the sequence contains some minimal 
and inherent underlying structure. The 
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_ digit sequences used by Bower and Winzenz 
= lacked, of course, any evident inherent 
overall structure that might be detected 
by S, since they were random permuta- 
tions of digits. For example, a string such 
as 743, 87, 695, is no better a three-chunk 
set than is 74, 3876, 95, or vice versa. 
There is no inherently better combination 
of the numbers for S to seek. When no 
such structure is present, as is the case with 
stimuli such as a random digit sequence, 
repetition training is the optimal condition 
for recall. 

The purpose of the present experiment 
was to examine the effects of input varia- 
_ tion upon recall performance in relation to 
two specific issues derived from the per- 
ceptual regrouping hypothesis. The first 
issue concerns the relation between recall 
and degree of stimulus variation in train- 
ing. The perceptual regrouping hypothesis 
predicts that the ease with which S achieves 
a unitary encoding of a letter sequence is a 
direct function of degree of variability in 
training. To examine this prediction, three 
degrees of variability were introduced dur- 
ing training. 

The second issue concerns an assumption 
implicit in the perceptual regrouping hy- 
pothesis. As noted, the hypothesis con- 
tends that variable stimulus input, in the 
form of differently grouped letter strings, 
increases the likelihood that Ss will achieve 
a general encoding Strategy of unitizing 
the entire letter sequence rather than at- 
tempting to encode and store smaller 
chunks or single letters. Implicit in this 
hypothesis is the assumption that Ss will 
apply or transfer whatever encoding strat- 
egy is achieved with variable stimulus input 
to other sequences in the same list which 
are presented in a constant or consistent 
fashion over successive presentations, as 
would be the case in within-Ss presentation 
of variable-constant input. Within-Ss pre- 
sentation of input variability should in the 
long run lead S to the eventual discovery 
and application of a single encoding strat- 
egy to all of the Sequences, because once S 
unitizes a given letter Sequence, the effec- 
tiveness of encoding an entire sequence is 
more likely to be recognized, and thus 
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attempted with additional sequence: 
attempts would be successful be: 
sequences can be integrated into 
recallable unit. 

As an additional test of the as 
that a single and efficient encoding 
will tend to be established unde: 
input, the experiment included ^ 
phase in which the original traini: 
were transferred to one of three 
second lists, differing in degree o 


bility. If the previous assumptic» con- 
cerning the transfer of encoding s':..tegies 
is correct, recall performance on thc «cond 


list should be ordered in approximately 
same way as first-list performance, :- zard4 
less of the degree of variability 
second list. 

Although it is expected that an ppro- 
priate (and efficient) encoding 
learned under conditions of hig! 
variability in the first list will be tra: 
to the learning of a second list, re: 
of its variability level, it is not enti 
obvious how Ss will perform whe: 
ferred to a second list when the; 
experienced only constant input during first 
list learning. On the one hand, Ss may 
tend to persist in attempting to cncode 
the sequences in whatever manner they 
adopted during first-list learning. Assum- 
ing that Ss were relatively inefficient and 
their resultant encodings were fragmented, 
they may tend to persist in this less efficient 
manner. Asan alternative, Ss may initially) 
employ the strategy acquired in first-list 
learning, but then shift to the more efficient 
mode of unitizing the sequence over succes- 
sive trials. The outcome appears indeter- 
minant and is not implicit in the perceptual 
regrouping hypothesis. { 


cUm ctm pret 


METHOD 


Design. The Ss were 180 undergraduate volun- 
teers from introductory psychology classes at the 
University of New Mexico. The experiment was 
conducted in two stages—training and transfer. In 
training, three degrees of stimulus varibaility, high 
(HV), moderate (MV), and zero or constant (C) 
were orthogonally combined with two sources of 
variability, within-Ss and between-Ss. Thus, four | 
basic stimulus training conditions were formed, 
consisting of 45 Ss each: HV-between-Ss, MV- 
between-Ss, C-between-Ss, and within-Ss. Since |* 
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direct comparisons between within-Ss and between- 
Ss variables are inappropriate with ordinary experi- 
mental designs, the basic design in training followed 
procedures outlined by Grice (1966), which permit 
each level of a within-Ss variable to be treated asan 
independent group, and to be compared directly to 
between-Ss treatments with ordinary analysis of 
variance techniques. This was accomplished by 
including an independent group in the within-Ss 
condition at each level of the treatment variable. 
The data for each within-Ss group were then 


- analyzed for only one level of the treatment varia- 


ble, which allows the within-Ss treatments to be 
analyzed as uncorrelated cells, and to be compared 
directly to the independent groups receiving be- 
tween-Ss treatment. 

Accordingly, the 45 Ss in the within-Ss training 
condition were run as three independent subgroups 
of 15 Ss each. However, for each of the three sub- 
groups, only the data from one degree of variability 
were analyzed. For example, in the C-within-.Ss 
condition, Ss were exposed to all three levels of 
variability, but performance on only the C items 
was subjected to analysis. Each group was given 
three training trials, and the complete training 
design was a 2 X 3 X 3 (Source of Variability X 
Degree of Variability X Trials) mixed factorial. 
Following training, each S was transferred to a 
second list composed entirely of new HV, MV, or 
C letter sequences. The complete transfer design 
wasa4 X 3 X 3 (Training Condition X Degree of 
Second-List Variability X Trials) mixed factorial 
with trials as the only within-Ss variable. The 


. assignment of Ss to training groups and subgroups 


| 4 


was random, and the assignment of Ss to the transfer 
conditions was also on a random basis, with the 
restriction that one-third of each training condition 
be assigned to each of the three transfer conditions. 

Materials. The stimulus items were letter se- 
quences derived from trigram doublets constructed 
by combining two consonant-vowel-consonant tri- 
grams of equal meaningfulness value (Archer, 1960) 
into a single doublet. For example, two high-m 
trigrams, CUP and NET, were combined to produce 
the doublet cuPNET. The average association value 
of each trigram used to construct the doublets was 


87.596. Twenty-four items were used to construct 


two 12-item stimulus lists, with half of each condi- 
tion receiving one list in training and the other in 
transfer. - The intact trigram doublets were: KrrPAD, 
SUMKAY, FENMOS, MAJFOP, DENGIT, WAPCEN, TEKLAN, 
BANCOW, RUMWIG, LAWSIR, CAYTIZ, BEYSIB, VIZHEK, 
HADLOG, FADJUG, MEDVAN, RIBHUT, KORMEL, HOFPIR, 
CUPNET, LIBPAG, DAFNOK, PELGOW, and WITSAG. 
Each doublet was spatially grouped into three 
groupings of letters according to one of the following 
four rules: 2-2-2 (e.g., CU PN ET), 1-4-1 (c UPNE T), 
2-3-1 (cu PNE T), and 1-3-2 (c UPN ET). Degree 
of variability was defined in terms of the number of 
different grouping rules applied to the same letter. 
Sequence on successive exposures. In the HV con- 
dition, a different grouping rule was applied to the 
same sequence over four presentations of the item 


within a study trial, and the order in which the 
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rules occurred over presentations within a trial was 
random with the restriction that each rule be used 
once with each item. The four grouping rules were 
used equally often in the MV condition by randomly 
assigning one of the six possible pair-wise combina- 
tions of rules to each item, with the restriction that 
each rule pair was used with two items in the MV 
list. The order in which a particular rule occurred 
over the four within-trial presentations of an item 
was randomized. In the C condition, only one 
grouping rule was applied to a given sequence over 
successive exposures; however, all four different 
grouping rules were used, each rule being applied to 
three letter sequences. 

In the between-Ss conditions, each list was com- 
posed of either HV, M V, or C sequences, and in the 
within-Ss condition, four of the letter sequences 
were assigned to each level of variability, Three 
separate within-Ss lists were constructed, differing 
only in terms of which letter sequences were as- 
signed to a particular level of variability; thus, each 
sequence appeared once at each level of variability 
in the within-Ss lists, Furthermore, within corre- 
sponding levels of variability, the sequences in the 
within-Ss lists and between-Ss lists were grouped 
according to the same rule. hus, comparisons of 
within-Ss and between-.Ss conditions were based on 
identical sequences and identical grouping rules, 

Procedure. The Ss were run in groups of 3-5, 
The training phase consisted of three study-test 
trials. On each study trial, S received four presen- 
tations of the 12-item list. The order of the items 
within each presentation was randomly determined, 
and a different random order was used for each of 
the four presentations within a study trial. The 
stimuli were presented on 35-mm. slides via a 
Kodak 800 projector at an exposure rate of 2 sec/ 
item. Timing was controlled by a series of Hunter 
timers (Model 111-B). 

Preceding the first study trial, all Ss were in- 
structed that they would see a list of letter sequences 
and that their memory for the sequences would be 
tested following each study trial. The instructions 
emphasized that S should try to remember the 
letters of a given sequence in the order presented, 
but that the 12 sequences could be recalled in any 
order. The Ss were not informed as to the frac- 
tionated nature of the items prior to the first study 
trial, and the instructions were identical for all 
experimental conditions, 

Following each study trial, a recall test was 
administered. The Ss were given a test sheet con- 
taining 12 horizontal arrangements of six adjacent 
boxes, and were instructed to fill in each arrangement 
of the boxes with the appropriate letters, and to fill 
in all of the boxes (guess unknown letters) whether 
or not they were sure of their responses. The Ss 
were allowed to free recall the letter sequences, but 
a response was scored as correct only if the letters 
of a particular letter series were in the correct order. 
In other words, Ss were instructed that they could 
recall the 12 items in any order, but that they 
should try to recall the letters within each item in 
the order preSented. Moreover, in recalling a given 
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Fıcure 1. Recall as a function of degree and source of stimulus 
(letter sequence) variability. 


item, Ss were allowed to enter the letters in any 
temporal order. A maximum of 3 min. was allowed 
for each recall test. The procedure in second-list 
recall (transfer) was exactly the same as that in 
training. 


RESULTS 


Training. The principal data in training 
are shown in Figure 1. In the left panel, 
mean correct recall (all six letters in the 
correct position) is plotted as a function of 
degree of variability for the within-Ss con- 
ditions, and the right panel of Figure 1 
shows recall as a function of degree of 
variability for the between-Ss conditions 
as well as recall for the within-Ss condition 
averaged over degree of variability. In- 
spection of the right panel of Figure 1 
reveals an obvious facilitating effect of 
degree of variability on recall in the 
between-Ss conditions, F (2, 174) = 6.00, 
P < .005. Moreover, the ordering of the 
between-Ss conditions clearly suggests that 
recall is directly related to degree of stim- 
ulus variability. 

This direct relation between recall and 
degree of variability did not obtain with 
within-Ss manipulation of variability (left 
panel), where there was no reliable effect of 
degree of variability upon recall, F (2, 42) 
concn Y urthermore, the Trials X Degree of 
Variability interaction was not reliable in 
the within-Ss condition, F (2, 42) = 1.75, 


Pb > .05, which provides further ©: ‘dence 
that degree of variability had little effect 
upon recall in the within-Ss conditi 
Although the Type of List X Dc. ree of 
Variability interaction was not iable, 
F (2,174) = 1.14, P > .05, the diffe ential 
effect of degree of variability upo; recall 
as a function of between-Ss vs. wi‘ hin-Ss| 


Presentation of variability was substan- 
tiated by the highly reliable Trial 
gree of Variability X Type of List in 
tion, F (4, 348) = 10.00, p < .00!. 
nature of this interaction is reve. upon 
inspection of Figure 1, which suggests some 
divergence in the between-Ss conditions 
over trials. The relative ordering of the 
within-Ss conditions, however, is rather 
unstable over trials, but there is a tendency 
toward convergence in the within-Ss groups 
by the third trial. 

The right panel of Figure 1 illustrates 
that the overall level of recall in the within-) 
Ss conditions, collapsed across degree of 
variability, was considerably higher than 
performance averaged across between-ss 
conditions, F (1, 174) = 5.11, p < .025. 
In fact, recall in the within-Ss conditions 
was comparable to performance in the HV- 
between-Ss condition, F (1, 88) <1. Thus, 
not only does within-Ss presentation i 
variability produce no reliable differential 
effects upon recall but it also results in a. 


mF (2, 168) « 1, 
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high level of performance relative to the 
between-Ss conditions, 

Both panels of Figure 1 indicate that 
recall improved with practice for all groups, 
F (2, 348) = 387.00, p < -001, but the 
rate of improvement was not consistent 
across conditions, as evidenced by a sig- 
nificant Trials X Degree of Variability 
interaction, F (4, 348) — 3.00, p «105; 
This interaction appears to be attributable 
to the faster rate of improvement in the 
HV-between-Ss condition relative to the 
MV-between-Ss and C-within-Ss condi- 
tions, which is a viable interpretation given 
the lack of a Trials X Degree of Variability 
interaction in the within-Ss data. 

Transfer. The mean number of correct 
recalls from the second list is presented in 
Table 1 as a function of training condition 
and degree of variability in the second list. 
Variances associated with each group mean 
are shown in parenthesis in Table 1. The 
finding of primary interest was that second- 
list recall was primarily a function of train- 
ing (first-list) condition, F (3, 168) — 4.52, 
b «.005. This interpretation of the trans- 
fer data is supported by the lack of a 
reliable effect due to second-list variability, 
Further evidence that 
transfer performance was not affected by 
degree of variability in the second list is 
provided by the lack of any reliable inter- 
action with second-list variability: Train- 
ing Condition X Second List Variability, 
F (6, 168) « 1; Trials X Second List 
Variability, F (4, 336) = 141, p > .05; 


TABLE 1 


MEAN RECALL (VARIANCES IN PARENTHESES) FOR 
THE TRAINING AND TRANSFER CONDITIONS 
OF VARIABILITY 


Training conditions 
Transfer Between-Ss 
conditions 
Within-Ss 
Constant | Moderate High 
variability | variability 
" Constant | | 4,36 5.10 633 | 533 
T (10.42) | (10.81) | (8.88) | (8.36) 
Moderate | ^ 4.27 5.73 620 | 5.80 
(9.65) | (9.87) | (7.75) | (6.75) 
High 4.37 5.13 6.33 6.33 
(10.61) | (12.31) | (11.67) | (9.50) 


IN FREE RECALL 
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FIGURE2. Recall during second-list learning (trans- 
fer) as a function of variability during training, 


Trials X Training Condition X Second 
List Variability, F (12, 336) < 1. 

Since transfer performance did not ap- 
pear to depend upon second-list variability, 
the recall results of Figure 2 are plotted às 
a function of trials and training condition. 
Inspection of Figure 2 reveals that the 
relative ordering of second-list recall paral- 
lels performance on the first list, with recall 
in transfer directly related to degree of 
variability experienced in training. 


Discussion 


The principal finding of the experiment was 
that the degree of stimulus variability, in the 
form of altered groupings of letter sequences, 
was directly related to recall of the sequences 
when degree of variability was a between-Ss 
factor. The results, along with those of Ellis 
et al. (1974), restrict the generality of any 
assumption that sheer repetition of nominal 
stimulus events is the optimal condition for 
recall, To the contrary, the results support 
the principle that variability in the nominal 
stimulus, under the present conditions, leads 
to stability in the functional encoding. The 
process by which encoding Stability is en- 
hanced by nominal stimulus variability has 
been outlined in terms of a perceptual re- 
grouping hypothesis, Since the E-imposed 
groupings change on successive presentations 
under conditions of varied input, and since 
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these groupings are irrelevant to the memory underlying structure when none is present - 
- task, it is hypothesized that S learns to ignore would be fruitless. 

— the E-imposed organization and to seek a new Finally, the fact that transfer perfor: ance 
and overall grouping of the sequence. Adop- was solely a function of the initial t:-ining | 
tion of such a strategy facilitates recall when conditions implies that whatever codiny irat- 

e letter sequence contains an inherent overall egy is achieved is relatively persistent thin 
structure, in the form of a meaningful pro- the constraints of testing. The initia ndi- 
-nounceable unit, because the sequence may tions of stimulus variability appear to 1 to 
then be organized and stored as a unit. the adoption of a general processing str. egy, 

~ It should be emphasized that the perceptual which is then transferred to subsequ: se- | 
regrouping hypothesis predicts that varied quences regardless of their degree o! ria- 
+ input will enhance recall only under conditions bility. Similarly, initial experience wit! «on- 
in which the stimulus contains some minimal stant input appears to lead to a less ef! ient 
underlying structure. Minimal structure ap- strategy, as second-list recall is retarded ven 


pears sufficient because even in the case of when Ss are shifted to variable input. 
letter strings derived from low-meaningfulness 


trigram doublets, Ellis et al. (1974) found that 

iriable input aided recall. Furthermore, the ERE NC EN 

ypothesis would appear to apply only when Archer, E. J. A re-evaluation of all possible © VC 
there is some minimal structure which, if dis- trigrams. Psychological Monographs, 1960, 7° (10, 


covered by S, would facilitate recall, and when Whole No. 497). 
the E-imposed grouping serves to mask the Bower, G. H., & Winzenz, D. Group str: ure, 
underlying structure with a less effective one, Coding, and memory for digit series, Jour: +! of 
In short, variable grouping should be more "ec pies Psychology, 1969, 80(No. 2, 2, 
ffective than constant grouping only when it Ellis : " T " 
a X n A is, H. C., Parente, F. J., & Walker, C. W. © din 
is to S's advantage to disregard the E-imposed and varied input Eie repetition in ! nl 
grouping. Therefore, there would appear to memory. Journal of Experimental Psyc logy, 
be optimal conditions for either variable or 1974, 102, 284-290. k 3 
constant input having a facilitative effect upon Grice, G. R. Dependence of empirical laws pon 
recall. For example, when the stimulus se- the source of experimental variation, Psyc logi 
quence contains no underlying structure, such cal Bulletin, 1966, 66, 488-498. 
. as random digit series (Bower & Winzenz,  Winzenz D. Group structure and coding ii «rial 
. 1969), consistent repetition of a stable Æ- learning. Journal of Experimental Psychology, 
- imposed structure would be the optimal train- 1972, 92, 8-19. 


ing condition. In this case, search for an (Received November 7, 1973) 
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FORM CLASS AS AN EFFECTIVE ENCODING 
DIMENSION IN SHORT-TERM MEMORY: 


CHARLES P. BIRD? anp C. JAMES GOODWIN: 
Florida State University 


Two experiments were conducted using the procedure reported by Wickens in 
1972 for the study of relevant encoding dimensions in short-term memory. 


In Experiment I reliable release from proactive inhibition was obtained by 
changing the content of word triads on Trial 4 from nouns to verbs or vice 
versa. This effect was most clearly apparent when salience of the torm class 
dimension was increased by informing Ss as to the content of each triad prior 


to its presentation. 


Experiment II demonstrated that the results of Experi- 


ment I were most likely due to differential encoding on the part of Ss, rather 
than to perceptual alerting caused by the introduction of the cue regarding 


change in form class. 


Wickens (1972) has reported a con- 
tinuing series of studies with the goal of 
specifying empirically the dimensions along 
which verbal items are encoded into short- 
term memory. The basic research strategy 
has been to present a number of trials 
(usually four) during each of which Ss are 
asked to remember a word triad, then to 
perform some distractor task, and finally 
to try to recall the triad. Performance 
tends to decline from trial to trial in this 
task (Keppel & Underwood, 1962), a result 
which has been attributed to the buildup 
of proactive inhibition (PI). However, 
Wickens and his colleagues have been able 
to demonstrate that performance can in- 
crease dramatically on, say, Trial 4, if the 
content of the triad is changed in certain 
ways. This phenomenon has been termed 
"release from PI” and is assumed to occur 
because the release triad is encoded dif- 
ferently than the first three triads are, and 
is therefore not subject to the PI that 
has accumulated over Trials 1-3. 

In general, Wickens (1972) has demon- 
strated a reliable release from PI when 
the semantic content of the triad is changed 
on Trial 4. For example, changing from 


1 The authors are grateful to Darryl Bruce and 
George Weaver for their encouragement and criti- 
cisms of earlier versions of the paper. 

? Requests for reprints should be sent to Charles 
P. Bird, Department of Psychology, Florida State 
University, Tallahassee, Florida 32306. 

*Now at Wheeling College, Wheeling, West 
Virginia. 
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one taxonomic category to another pro- 
duced the release (Goggin & Wickens, 
1971), as did changing from words with 
a masculine connotation to words with a 
feminine connotation (Ickes, cited in 
Wickens, 1972). One dimension for which 
Wickens has not been able to demonstrate 
a release has been the syntactic class of 
the word trials. That is, no substantial 
increase in recall on the last trial has been j 
recorded when there is a switch from verbs __ 
to adjectives or vice versa (Wickens, 
Clark, Hill, & Wittlinger, 1968), or from . 
nouns to verbs and vice versa (Wickens, 
Shearer, & Timmons, cited in Wickens, 
1972). Wickens also reported two at- 
tempts to force syntactic encoding by 
embedding the to-be-recalled words in y 
short sentences. This method also failed 
to produce significant release from PI, and 
Wickens concluded that Ss did not use 
syntactic class to encode words in short- 
term memory. 

Although Wickens (1972) was unable to 
discover any release from PI using the 
difference between nouns and verbs as a 
change in syntactic category, it is possible - 
that the procedures he used to increase - 
the salience of the categories were in- 
effective. Experiment I, therefore, repre- 
sents a somewhat more direct attempt to 
increase the salience of noun and verb 
triads for some Ss by announcing the 
content of each triad prior to its 
presentatjon. 


EXPERIMENT I 


Method. ‘The design was a 2 X 2 X 2 X 4 fac- 
torial in which the factors were salience (whether 
E: or not S was informed in advance about the form 
class of each triad), form class (whether the first 
- three trials involved noun triads or verb triads), 
release condition (whether the form class of the 
fourth triad was the same as or different from the 
form class of the first three triads), and the within-Ss 
trials factor. Thus, Ss in a "no-release" condition 
received four noun or four verb triads, while Ss 
in a “release” condition received three noun triads 
— followed by a verb triad or three verb triads fol- 
wed by a noun triad. The order of presentation 
of the triads was determined by a randomized 
4 X 4 Latin square. 

Assignment of Ss to the eight experimental con- 
itions was random, with the restrictions that there 
“were equal proportions of males to females in all 
conditions and that all sequences of the Latin 
square were used before the square was replicated. 
"There were three replications of the Latin square, 
providing 12 Ss in each condition and a total of 
96 Ss in the experiment (64 males and 32 females). 
‘Students at Florida State University served as Ss 
_ in partial fulfillment of a requirement of the in- 
_troductory psychology course. 
~ The words selected to serve as experimental 
items were single-function nouns and verbs. That 
is, as judged by Es, none of the nouns ever oc- 
curred in sentences as verbs or vice versa. A total 
of 12 nouns and 12 verbs were selected, with 
median frequencies of 35.0 and 35.5 for nouns and 
verbs, respectively (Kučera & Francis, 1967). 
There was no obvious semantic similarity among 
the words and no overlap of initial phonemes 
_ Within a form class. The nouns and verbs were 
. assigned to triads such that the range of frequen- 
cies in each triad was approximately constant and 
the total number of syllables in each triad was six. 
- The triads were printed in block letters on 2 X 2 in. 
slides using a vertical array with each item shifted 
one space to the right of the item above (see 
_ Wickens, 1972). The interval between the presen- 
tation of a triad and recall was filled with an 
arithmetic task involving single digits (0-9) selected 
"randomly and printed in block letters on 2 X2 in. 
slides in the form of a 5 X 5 array. 

Instructions were read by S and were of two 
types, depending on whether S was in a “salient” 
or "nonsalient" condition. The Ss in the salient 
conditions were told that the triads consisted of 
_ either nouns or verbs and that E would indicate 
before each trial whether the upcoming triad would 
_ Involve nouns or verbs. However, no suggestion 

Was made to S that he should attempt to use this 
information to assist him in remembering the 
triads. For Ss in the nonsalient conditions no 

nformation was provided concerning the organiza- 
tion of the triads. The slides were presented by 


a Carousel projector on a screen about 3 ft. in 
front of S. All Ss 


Were tested individually and 
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presentation of the slides was controlled 
with the aid of a stop watch. 

Each trial began with a 2-sec. present: 
a slide that showed three asterisks. Thi» 
as a cue for the presentation of the tr 
provided an opportunity to inform Ss in thc 
conditions whether the triad would consist 
nouns or verbs (E simply said the wor 
or verbs). The triad was then presented for 
and S read each word aloud once. Follow 
triad, a number array was presented for 
during which time S said each number 
product when multiplied by three, work 
quickly as possible from left to right acro: 
row. Finally, a slide with three question 
was presented for 8.5 sec., during which t 
tried to recall the triad aloud. This prc 
continued for a total of four trials. 


Results. Responses were scored as 
rect when they were given within 
recall interval of the trial on which 
first occurred, without regard to the « 
nal order of the words. Figure 1 prc 
the percentage of correct responses 3 à 
function of trials for each of four « 


by E 
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tions. Each point represents the comb ned 
recall of nouns and verbs. There v s a 
general decrease in recall over the “rst 


three trials, with the largest reductio! 
curring between Trials 1 and 2, a r 
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FIGURE 1. Percentage of correct responses as à 
function of trials: Experiment I. 
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consistent with most other research using 
this procedure. On Trial 4 it is apparent 
that recall did not improve for Ss in the 
no-release groups; on the other hand, there 
were distinct increases in performance for 
Ss in both release groups. Wickens (1972) 
described a formula to calculate release 
from PI that involves dividing the dif- 
ference in percentage of recall on Trial 4 
between the release and no-release condi- 
tion by the total drop in percentage of 
recall over the four trials for the no-release 
condition. According to this formula there 
was a 38% release for the nonsalient— 
release group, and a 74% release for the 
salient-release group. According to an 
overall 2 X 2 X 2 X 4analysis of variance, 
there was a significant main effect of trials, 
F (3, 264) = 36.10, p < .001. The inter- 
action between trials and the presence or 
absence of a release manipulation on Trial 4 
was also significant, F (3, 264) = 7.78, 
P < .01, primarily due to the increase in 
performance on Trial 4 for the release 
conditions. 

It is of further interest to note that 
there was a significant effect of form class, 
F (1, 88) = 19.24, p « .01, recall of nouns 
having been superior to that of verbs. 
There was also a significant Form Class 
X Trials interaction, F (3, 264) = 4.40, 
b < .01, apparently due to a greater de- 
crease in correct responses over the first 
three trials for verbs (from a mean of 2.31 
to .83) than for nouns (from a mean of 
2.50 to 1.73). In addition, nearly all the 
release reported on Trial 4 for the non- 
salient condition occurred when the change 
was from verbs to nouns (78%, as com- 
pared to 7% for the noun to verb change). 
Thus, release from PI for the nonsalient 
condition was not symmetrical and may be 
another reflection of the general noun-verb 
recall difference. On the other hand, re- 
lease was reasonably symmetrical in the 
salient condition (60% for the verb to 
noun change, as compared to 79% for the 
change from noun to verb).* 


‘The percentages do not average out to those 
reported for the combined noun-verb release be- 
cause the percentage of release is dependent on 
the total decrease in recall of the no-release condi- 
tion being considered. 


Although there was no significant three- 
way interaction of release condition, sa- 
lience, and trials, F (3, 264) = 1.87, p ` 
> .10, it is of interest to consider per- 5 
formance on the four trials individually, — 
The salient-release condition was signifi- 
cantly poorer than each of the other con- 
ditions on Trial 1 and poorer than the two 
no-release conditions on Trial 3, The only 
apparent explanation for these latter dif- 
ferences is variation in abilities among Ss 
in the experimental conditions. If this 
were true, however, the high performance 
obtained for the salient-release condition 
on Trial 4 would be a conservative estimate 
of the effect of the release manipulation. 
Considering Trial 4 by itself, there was no 
difference in recall between the two no- 
release groups, F (1, 352) < 1, but recall 
was significantly better for both the non- 
salient-release group and the salient-re- 
lease group than for the respective no- 
release conditions, P (1, 352) — 7.00 and 
27.67, p < .01. Further, the salient-re- 
lease group was significantly better than 
the nonsalient-release group, F (1, 352) 
= 5.67, p « .05. 

It was expected that increasing the sa- 
lience of the noun-verb dimension would 
lead to differential encoding and hence to 
a release from PI; this was confirmed. In 
light of the studies reported by Wickens, 
however, it was not anticipated that any 
release would be obtained for Ss in the 
nonsalient-release group. In any event it 
is quite apparent that release from PI was 
obtained by changing syntactic class, par- 
ticularly when the salience of the dimension 
as an encoding attribute was increased. 

An objection to this conclusion might 
be, in the case of the salient-release group, - 
that release was achieved because of some 
sort of perceptual alerting when the ex- 
perimenter provided a different verbal cue 


on Trial 4. A second experiment was 5 
undertaken to test this  attentional 
hypothesis. 


EXPERIMENT II 


Method. The materials and general procedure 
were identical to the previous experiment. The 
major difference was that all Ss received either - 
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four noun triads or four verb triads. In the in- 
structions each S was informed that there were 
~ two classes of words involved in the experiment 
"and that before every trial E would indicate which 
‘class was to be presented in the upcoming triad, 
by saying either "one" or "two." It was impressed 
upon S that the classes might not be obvious and 
that he should not detract from his performance 
on the arithmetic task by trying to determine the 
classes of words. Thus, although Ss received four 
noun or four verb triads, release and no-release 
- conditions were established by either changing the 
“number (e.g., from one to two) on Trial 4 or not 
" changing the number (e.g. saying “one” on all 
E four trials). When the triads were nouns, E always 
~ called the first three triads "one" and called the 
- fourth triad either "one" (for the no-release con- 
- dition) or "two" (for the release condition). The 
- numbers were reversed for the conditions involving 
- verb triads. 

_ The experiment constituted a 2 X 2 X 4 fac- 
‘torial design, in which form class, release condi- 
tion, and trials were the factors. As before, there 
‘were three replications of the 4 X 4 Latin square 
so that there were 12 Ss in each of the four main 
conditions and a total of 48 Ss. Students at 
Florida State University served as Ss in partial 
fulfillment of a requirement of the introductory 
psychology course. 


M 
I Results, From Figure 2 it is apparent 
ON no release from PI occurred when the 
- verbal cue was changed from one to two 
x, 
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. Ficure 2. Percentage of correct responses as a 
function of trials: Experiment I}. 


CHARLES P. BIRD AND C. JAMES GOODWIN 


or vice versa. According toa 2 X 2X 4 
analysis of variance, the general decline in- 
recall over Trials 1-4 was significant,” 
F (3, 132) = 18.96, p < .01. However, © 
there was no significant difference between 
the release and no-release groups, F (1, 44) 
= 1.72, p> .10; nor was the Groups 
X Trials interaction significant, F (3, 132) 
« 1. Finally, recall of nouns was again 
greater than that of verbs, but in this 
experiment, in contrast to the results of 
Experiment I, the difference was not sig- 
nificant, F (1, 44) = 2.75, p > .10. 


DISCUSSION 


The results of Experiment II suggest that 
the release from PI for the salient-release 
condition of Experiment I was not due fo @ 
perceptual alerting factor. With respect to 
the release obtained for the nonsalient-release 
condition of Experiment I, it is worth re- 
iterating that the release was significantly 
less than that obtained for the salient-release 
condition and was not symmetrical with re- 
spect to syntactic class. Hence, the present 
results are not necessarily inconsistent. with 
those reported by Wickens (1972). However, 
the level of release for the salient-release 
condition is sufficiently great to justify con- 
cluding that, at least under some conditions, 
syntactic class can serve as an encoding di- 
mension in short-term memory. 
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Percent recall from word units decreases in the Brown-Peterson short-term 
memory paradigm as a function of unit length (three vs. five words) and reten- 
tion interval (0, 4, 8, or 16 sec.), and increases as a function of the frequency 
of massed presentations (1, 2, 3, or 4). The absolute recall of words is less 
from five-word units than from three-word units at the longer retention in- 
tervals following one or two presentations. The results confirm the presence 
of intraunit interference (II) in recall after 4 or more sec. under conditions of 
high intraexperimental proactive interference, even though there is other evi- 
dence that II in recall over intervals up to 4 sec. may be attributable to prob- 
ability of displacement from a limited-capacity primary memory or rehearsal 


system, 


The research to be reported describes 
the effects of 1, 2, 3, or 4 massed stimulus 
presentations on the retention of three- 
word and five-word to-be-remembered 
(TBR) units over retention intervals of 0, 
4, 8, and 16 sec. in the Brown-Peterson 
(Brown, 1958; Peterson & Peterson, 1959) 
short-term memory paradigm. The prin- 
cipal objective was to examine the interela- 
tions of degree of learning, length of TBR 
unit, and retention interval, with particu- 
lar reference to the concept of "intraunit 
interference" (II). On the assumption that 
the rate of forgetting in the Brown- 
Peterson short-term memory experiment 
is a function of the number of "chunks" 
in the TBR unit, Melton (1963) asserted 
that II should decrease with the number 
of presentations of a TBR unit and in- 
crease with the number of nominal ele- 
ments in the TBR unit. Support for the 
former assertion was gained from the 
results of Hellyer (1962), where the slope 
of the forgetting function for consonant 
trigrams decreased as the number of 


1 This research was supported by the Advanced 
Research Projects Agency, Department of Defense, 
and monitored by the Air Force Office of Scientific 
Research, under Contract AF-49(638)-1235, with 
the Human Performance Center, Department of 
Psychology, University of Michigan. 

? Requests for reprints should be sent to Alfred 
H. Fuchs, Department of Psychology, Bowdoin 
College, Brunswick, Maine 04011. 


massed presentations prior to retention 
testing increased; support for the latter 
was gained from the results of Melton, 
Crowder, and Wulff, as reported in Melton 
(1963), where the slope of the forgetting 
function for consonant strings increased as 
the number of TBR consonants increased 
from one through five. 

The concept of II as stated by Melton 
(1963) was intended merely to identify the 
source of interference in retention in terms 
of the locus of experimental operations to 
manipulate such interference, as is the case 
with proactive interference (PI) and retro- 
active interference (RI). Research to date 
strongly suggests that there may be two 
separable mechanisms of II, one operating 
over very short retention intervals (4-5 
sec.) and independent of PI, and the other 
operating over longer retention intervals 
and dependent on the presence of PI. 

The first evidence for two separable 
components of II, and an essential back- 
ground for the present research, was re- 
ported orally by Noyd (1965), but has 
not been published to date? The com- 
ponent of II not dependent on PI was 
demonstrated by first-trial performance in 


3 The experiment by Noyd (1965) was conducted 
in 1962-63 and intended as doctoral dissertation 
research at the University of Michigan. Analyses 
of his data, as reported here, were accomplished. 
by J. Kirby Thomas and A. W. Melton on funds 
supplied by the contract cited in Footnote 1. 
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| a Brown-Peterson experiment in which 
independent groups of 27 Ss began their 
- series of tests with two-, three-, or five- 
- word units and recalled them following 4, 
8, or 24 sec. of digit reading. The words 
"were four-letter single-syllable nonhomo- 
phonic nouns from the most frequent 1,000 
- words in the Thorndike-Lorge (1944) word- 
^ book. The obtained mean words recalled 
- jn the absence of PI at 4, 8, and 24 sec. 
were: for two words— 2.00, 1.96, and 2.00; 
for three words—2.78, 2.78, and 2.78; and 
- for five words—3.38, 3.15, and 3.19. Thus, 
‘with no PI, the level of recall at 4 sec. 
varied with the number of words in the 
TBR unit, with smaller percentages of 
words recalled with successively longer 
“units, but the slope of the forgetting func- 
tion from 4 sec. to 24 sec. was essen- 
- tially zero. 
. The second component of Il was also 
- demonstrated in Noyd'sstudy. Eighty-one 
— of the 243 Ss had 81 trials beyond the 
- first, in which each S was tested nine times 
with each of the three lengths of units at 
ach of the three retention intervals. The 
Sequences were counterbalanced for prac- 
tice effects, use of specific words in the 
different unit lengths, and for first-order 
Sequence effects among conditions, i.e., 
each of the nine conditions was imme- 
diately preceded once by itself and once 
by each of the other conditions. Proactive 
interference increased to a maximum not 
later than the seventh trial under all con- 
- ditions, and was followed by slow im- 
provement in performance thereafter. 
These data for 81 Ss on 81 trials each 
= (excluding Trial 1) show a marked effect 
- of II in the presence of high PI, with 
increasing II as retention interval in- 
- ereases from 4 sec. to 24 sec. The mean 
recall following 4, 8, and 24 sec. was 1.86, 
1.74, and 1.60 words for two-word units; 
pe 2.14, and 1.79 words for three-word 
Es: and 2.75, 2.20, and 1.46 words for 
five-word units. Clearly, under conditions 
of high PI, there is a strong interaction 
of retention interval and length of the 
TBR unit, such that the number of words 
. recalled, without regard for order, from 
a five-word unit after 24 sec, is less (1.46) 
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than the number of words recallec 


a three-word unit (1.79), and even from 
a two-word unit (1.60). 

One of the main purposes of the present 
experiment was to observe the effec: of II 
after one reading (as well as m. tiple 
readings) of three- and five-word units 
under conditions of maximum PJ. The 
presence of fluctuations in level of “ocal” 
PI, dependent on the nature of th: just 
preceding Brown-Peterson trial, i» the 
context of high general PI, was ci arly 
demonstrated in the Noyd experimen! vith 
81 Ss, each of whom had 82 trials. hen 
the just preceding trial presented wo, 
three, or five words, the recall of two- -ord 
units (pooled over retention intervals, was 
invariant (1.74, 1.72, and 1.74), the recall 
of three-word units was maximally de- 
pressed by a prior three-word unit (?.22, 
2.05, and 2.15), and the recall of a uve- 
word unit was maximally depressed cy a 
prior five-word unit (2.30, 2.27, and : 96). 
In view of these data, maximum P! was 
achieved in the present study by having 
length of the TBR unit as a betwe: i-Ss 
variable. This design also made feasible 
an exact control of the frequency with 
which each condition of presentation (!, 2, 
3, or 4) was preceded by itself and «very 


other presentation condition. 

Other studies of II as a function of the 
number of elements in the TBR unit have 
used a constant presentation time (Melton, 
1963), or presentation times adjusted for 
length of item on the basis of preliminary 
studies (Houston, 1965; Merikle, 1968). 
In the present study, as in the Noyd 
study, presentation time was determined 
by S, who was instructed to read the 
words aloud at fast as possible. While 
this does not answer all the questions 
raised by Underwood (1964) regarding 
"degree of learning," it has the advantage 
of being as close to an operational definition 
of "one presentation” for each S as one 
can obtain with simultaneous presentation 
of a set of TBR elements. 


METHOD 


Subjects. The Ss were 48 female summer school 
students at the University of Michigan who were 


from - 
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paid for their participation in the experiment. 
The Ss were arbitrarily assigned to one of two 
experimental groups, with 24 Ss per group. 

Stimuli. The stimuli employed were 295 four- 
letter English nouns; no words beginning with Q, 
V, or Z were used, and words were selected from 
the Thorndike-Lorge (1944) word count and ranged 
from 1 to 100 occurrences per million. The words 
selected were monosyllabic and as nonhomophonic 
as possible. 

The 295 stimulus words were randomly arranged 

into groups of 5 words with the following restric- 
tions; (a) no 2 words of the group had the same 
letter; (b) no words began with the letter 
th which the previous words ended; (c) no ob- 
ously meaningful combination of words occurred, 
barn door or bite meat. 
The TBR units were either three words or five 
words in length. They were presented on slides 
in a left-to-right, downward stair-step pattern. 
The first three words of the five-word units em- 
ployed for one group of Ss were used as the three- 
word TBR unit for the second group of Ss. For 
example, one five-word stimulus was DOME, TIME, 
SPOT, BARN, MIST, while the comparable three-word 
stimulus was DOME, TIME, SPOT. 

Experimental design. The length of the TBR 
unit (3 vs. 5 words) was the between-group variable. 
Within each group, Ss were tested at each of four 
retention intervals (0, 4, 8, and 16 sec.) combined 
with each of four frequencies of presentation. The 
sequence of word units was determined by random 
selection; the fixed list of word units was the same 
tor all Ss. 

There were 59 trials within each group. The 
first 8 trials served to build proactive interference 
^o a relatively stable level (Noyd, 1965) and to 

troduce S to each of the presentation frequencies 
l each of the retention intervals employed in 
> experiment. The remaining 51 trials were 
arranged so that each presentation frequency fol- 
lowed every other presentation frequency, including 
itself, equally often. This was achieved within a 
17-trial sequence; e.g., 3, 4, 1, 2, 3, 2, 4, 3, 1, 1, 
4, 4, 2, 2, 1, 3, 3. Three such sequences were 
ated independently for each group, and 12 
- different arrangements of the sequences for each 

group were generated (3 Sequences X 4 Orders of 

Sequences). Each of the four retention intervals 

s assigned to the presentation frequencies such 
t each retention interval was associated equally 
often with each of the presentation frequencies. 

‘This arrangement resulted in sequences in which 

5 could not predict presentation frequency or re- 

tention interval on any trial and presentation 

frequency and retention interval were relatively 
evenly distributed across trials; Each combination 
- of presentation frequencies and retention intervals 
was tested three times for each 5. This resulted 
in data from 48 trials; the remaining 3 trials were 
unscored. The unscored trials were the first trials 
in each of the three 17-trial sequences, each of 
which was a “filler” trial to satisfy counterbalancing 


conditions. 
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Apparatus and procedure, The apparatus con- 
sisted of two Kodak Carousel slide projectors, 
arranged such that slides were projected through 
or reflected from a half-silvered mirror to a ground- 
glass screen. One projector was used to project 
slides on each of which were printed 18 digits 
(3 rows of 6 digits each). Each 18-digit series 
consisted of two 9-digit series in which the digits 
1-9 were used twice each. 

The second projector was used to present, in 
sequence, a slide containing the word Ready (1 sec.), 
a stimulus slide (three-word unit for one group, 
five-word unit for the other group), a slide con- 
taining five asterisks as a signal for recall (8 sec.), 
and a slide containing the word Rest (8 sec). 
The duration of the stimulus slide was determined 
by the time it took S to read it aloud. 

Each S was instructed to read aloud the words 
on the stimulus slide as rapidly and accurately as 
possible, On trials on which more than one pres- 
entation was given, the shutter of the projector 
was closed and opened manually by E; S read 
the slide aloud as often as it was presented. Fol- 
lowing the last reading, a slide containing 18 digits 
was presented immediately, since the silvered mirror 
was switched to show the digits; if the rentention 
interval was 0 sec., no digits were shown. For all 
digit slides, S was instructed to begin reading as 
soon as the digits appeared. Each digit slide was 
projected for 4 sec., which insured that all 18 digits 
could not be read. One slide was projected for the 
4-sec. interval, two slides for the 8-sec. interval, 
and four slides for the 16-sec. interval. 

Following the last digit slide (or the stimulus 
slide for the 0-sec. retention interval), the asterisks 
slide was projected to cue recall Each S was 
instructed to recall the words he had seen, in order, 
as accurately as possible; when words were omitted 
in recall, however, no attempt was made to elicit 
from S the serial positions from which the words 
were omitted. At the end of the recall period, 
a slide containing the word Rest was projected 
before the start of the next trial. All of the ex- 
perimental sessions were tape-recorded; the tapes 
were used to check the accuracy of E's records 
of recall performance. 


RESULTS 


The primary measure of recall was the 
number of words correctly recalled without 
regard for order. Figure 1 shows the 
percent words correctly recalled at each 
retention interval for three- and five-word 
units at each of the four presentation fre- 
quencies. It is clear from Figure 1 that 
retention is superior at shorter retention 
intervals, that more rapid forgetting oc- 
curs for five-word units, and that increased 
presentation frequency improves retention. 
These data are consistent with those of 
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- Hellyer (1962) and are confirmed by the 
results of analysis of variance, which show 
significant (p < .01) main effects for unit 
length, F (1, 46) — 67.74, presentation fre- 
quency, F (3, 138) = 54.16, and retention 
interval, F (3, 38) — 118.96. Significant 
(p < .01) interaction effects were obtained 
for Unit Length X Presentation Frequency, 
F (3, 138) = 8.57, Unit Length X Reten- 
tion Interval, F (3, 138) — 29.40, and 
Presentation Frequency X Retention In- 
terval, F (9, 414) — 6.26. 

The Presentation Frequency X Reten- 
tion Interval interaction indicates the dif- 
ferential effect of increased presentation 
- frequency as a function of the length of 
the retention interval. At 0 sec., recall is 
perfect for three-word units at all presen- 
tation frequencies and varies between 90% 
. and 98% for five-word units. Even without 
perfect recall at 0 sec. for five-word units, 
perhaps owing to output interference or 
= imperfect perception and/or learning dur- 

ing stimulus presentation, increased presen- 
tations may well have little or no effect at 0 
| Sec. because of the recall “ceiling,” but have 
a substantial effect at longer retention 
intervals. To determine whether the 0-sec. 
condition accounted for the Presentation 
Frequency X Retention Interval inter- 
action, a subsequent analysis of variance 
was conducted which omitted the data for 
0 sec. The same significant main effects 
and interactions were obtained except for 
the Presentation Frequency X Retention 
Interval interaction, which was not sig- 
nificant, F (6, 276) — .92, p> .25. Thus, 
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FIGURE 1. Percent words correctly recalled for 
three- and five-word units at each retention interval 
as a function of presentation frequency. 
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at retention intervals greater than 0 and 
larger than 16 sec., increased stimulus 
presentations provide comparable increases, 
in recall across retention intervals. : 

The significant Unit Length X Presenta 
tion Frequency interaction indicates that 
increased stimulus presentation adds dif. 
ferentially to units of different length. In 
the present experiment, this may be aj 
function of a ceiling effect, since three-? 
word retention was good, especially with 
two or more presentations, and hence there 
was less opportunity for improvement than 
with five-word units in which recall was 
relatively poor even with four presentay 
tions. The significant Unit Length X Re 
tention Interval interaction indicates a diff 
ferential rate of forgetting for different 
length units; the curves in Figure 1 im 
dicate that retention of words from three 
word units does not fall off as rapidly 
over the retention intervals as that fol 


the five-word units. 

These conclusions for percent words re 
called are supported by analyses which 
used, as a more stringent measure of recall} 
the number of completely correct units 
recalled ; i.e., all words (three or five words; 
as appropriate) correctly recalled in thé 
correct order counted as one correct reca 


Analysis of the data in terms of thi 
measure provided results in terms of mail 
effects and interactions that were virtuall 
identical to those reported for the word 
correct measure. Correct recall for coms 
plete units was found to decrease much 
more rapidly, with relatively few com 
pletely accurate recalls after 0 sec., evel 
for three-word units. 
. While the data of Figure 1 are expressed 
in terms of percent total possible correct 
words at each data point, it is of some 
interest to compare the absolute number 
of words correctly recalled at each reten- 
tion interval for each frequency of presen 
tation (Table 1). In three conditions, the 


are less than the number recalled from 
three-word units: for one presentation Ol 
the stimulus, at 8 sec. and 16 sec., thé 
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TABLE 1 


MEAN Worps CORRECTLY RECALLED AS A FUNCTION or UNIT LENGTH, 
PRESENTATION FREQUENCY, AND RETENTION INTERVAL 


No. presentations 


| 


Retention 
interval 1 | 2 3 4 
(in sec.) se} 
Sword unit | 5-word unit | 3-word unit | 5-word unit | 3-word unit | 5-word unit | 3-word unit 5-word unit 

0 3.0 4.5 3.0 47 3.0 4.9 3.0 A 4.9 
4 2.6 3.1 2.7 3.5 3.9 3.0 4.3 
8 2.4 22 2.8 3.0 34 2.8 3.8 
16 2.3 1.9 2.4 24 2.7 2.7 31 


the comparable values for the three-word 
units are 2.39 and 2.31. At two presenta- 
tions and a 16-sec. retention interval, the 
mean words recalled from three words are 
also greater than from five words (2.42 vs. 
2.14, respectively). This confirms the 
findings from the Noyd (1965) data for 
long retention intervals. For all other 
conditions of the experiment, the mean 
words recalled from five words exceed the 
number recalled from three words. 

The correct recall data indicate, as 
Figure 1 shows, the relatively superior 
recall of words from three-word units 
„over five-word units. Overall, errors con- 

b stituted 8.2% of recalls of three words 
and 30.2% of recalls from five words, 
The nature of these errors is shown in 
Figure 2. Errors were divided into three 
categories: omissions, intrusions from pre- 
vious word units, and extralist intrusions, 
The proportion of errors in each category 
at each retention interval increased over 
the intervals studied, with only extralist 

. intrusion errors showing a decline between 
8 sec. and 16 sec. for five-word units, 
Comparison of the three-word with the 
five-word data indicates that, over reten- 
tion intervals, omissions increase more 
rapidly in five-word recalls, while intru- 
sions from previous word units increase 
at a faster rate for three-word recalls. 
The difference in intrusions from previous 
word units probably reflects the relatively 
greater availability of words from the 
three-word units, in view of the generally 
good recall at all retention intervals for 
all levels of presentation from three-word 


units (Figure 1). 


The characteristics of the source of in- 
trusion from previous units and the char- 
acteristics of the units in which such in- 
trusions occurred are shown in Table 2. 
The total intrusions from previous units 
were 162 for three-word units and 551 for 
five-word units. Of these, 29 intrusions 
for three-word units and 138 intrusions for 
five-word units represent instances of an 
intrusion occurring again after it has al- 
ready been intruded once. Those repeated 
intrusions were excluded from the analysis, 
since the source is ambiguous; ie, the 
source may be the original word unit or 
the first occurrence as an intrusion. The 
percentages presented in Table 2 are, then, 
based on 133 intrusions and 413 intrusions 
for three- and five-word units, respectively. 
Within these 133 intrusions, 95 were in- 
trusions from the immediately preceding 
trial, while 38 were from 2 or more trials 
back. Within the 413 intrusions, 170 were 
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FIGURE 2, Percent of all errors within each level 
of unit length occurring in each error category as 
a function of retention interval. 
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TABLE 2 


Percent IwrRUsioN Errors (ExcLupinG RE- 
PEATED INTRUSIONS) FOR INTRUSION SOURCE 
AND RECALL ITEM FOR RETENTION INTER- 
VALS AND FREQUENCY OF 


PRESENTATION 
Unit being recalled Intrusion source 
Variable 
3 word Sword 3word Sword 
~ Retention 1 
interval 
0 0.0 4.8 24.1 32.7 
4 21.0 24.0 27.1 29.3 
8 24.1 31.5 29.3 18.6 
i 16 54.9 39.7 19.5 19.4 
| = 100.0 100.0 100.0 | 100.0 
-. Frequency of 
presen- 
tation 
H 50.4 34.1 18.0 16.9 
2 24.1 28.6 21.8 21.1 
3 13.5 19.1 21.0 30.5 
4 12.0 18.2 39.1 31.5 
bi 100.0 | 100.0 | 100.0 | 100.0 


- from the immediately preceding trial and 
— 243 were from 2 or more trials back 
- (124 from 2-10 trials back, 119 from more 
= than 10 trials back). 

- Tt seems apparent from Table 2 that, 
for both three- and five-word units, in- 
trusions are more likely to come from 
stimulus units that had been presented 
more frequently and had been recalled at 
shorter retention intervals. Intrusions 
tend to occur in units that had few pre- 
entations and that were tested for recall 
at longer retention intervals. For example, 
50.4% and 34.1% of all intrusions for 


three- and five-word units, respectively, ` 


. occurred in units receiving one presenta- 
- tion, and 54.9% and 39.7%, respectively, 


TABLE 3 


— FREQUENCY OF INTRUSION ERRORS IN EACH RECALL 
Position (THREE-WORD Unit) AS A FUNCTION. 
oF Position OF INTRUDED WORD WHEN 
Ir APPEARED INITIALLY AS A STIMULUS 


Recall position 


Position in 2 
PY, source `“ 
5 1 2 3 
1 29 9 4 42 
2 8 32 5 45 
3 3 7 36 46 
= 40 48 45 133 
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occurred in units being recalled -fter 
16-sec. retention interval. With s 


intrusion sources, 39.1% and 33 % for 
three- and five-word units, resp ivel 


derived from units presented fou: times 
and 24.1% and 32.7%, respect: 
three- and five-word units deri: 
units recalled after 0 sec. Thus, i 
tend to be words that were wel! 
as stimuli; they intrude as erro 
circumstances unfavorable to goo 
The first of these two principles 
well with Turvey, Brick, and í 
(1970) observation that PI in th 
of an item decreases as the reten 
terval of the prior item increases. 
The correspondence between th: 
tion of the intruded word in th: 
stimulus and its position as an i! 


error was also tabulated. This wa 

what difficult, because when un; we 
incompletely recalled, it was no clea 
from what positions the word we 


omitted. For example, if an i: 
occurred as the third word in an 
plete recall of a five-word unit, : 
not be clear whether the intrusion +! 
be counted as having occurred in |. 
position or the final position. For 
purposes, the intrusion in the : 
would have been counted as hav ag 
curred in the third position. Des; 
difficulties of scoring and the prc 
ambiguities introduced, there was rea 
ably good agreement between the position 
à word occupied in the source unit and 
the position in the recall unit in which 
the intrusion occurred. Tables 3 and 9j 


TABLE 4 


FREQUENCY OF INTRUSION ERRORS IN Eacu Posti 
TION (FivE-WoRD Unit) AS A FUNCTION OF | 
Position or INTRUDED Worp WHEN IT 
APPEARED INITIALLY AS A STIMULUS - 


Recall position 
Position oa 
in source 
1 2 3 4 5 
1 17 23 8 15 6 
2 10 19 18 19 9 
3 10 13 30 26 4 
4 11 18 19 32 8 
5 9 13 30 17 29 
= 51 86 105 109 56 
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show this correspondence for intrusions 
which derived from preceding trials in 
both three- and five-word units. For 
three-word units (Table 3), the effect 
seems particularly strong, with 7395 (77 
of 133) of all intrusions having occurred 
in the position in which the word had 
appeared originally; i.e., 29 intrusions in 
the first serial position having come from 
‘the first position of a preceding unit, and 
32 and 36 in the second and third posi- 
tions having come from the second and 
third positions of a preceding unit. A less 
dramatic effect was noted for five-word 
units (Table 4); here, only 31% of all 
intrusions showed position identification. 
If only intrusions from the immediately 
preceding trial are examined, the percent- 
age is 42%. However, agreement between 
source and intrusion position may be arti- 
ficially reduced in five-word units because 
few such units were recalled completely. 
The difference between three- and five- 
word units in this regard may reflect the 
difficulty of encoding both item and order 
information in five-word units (Fuchs, 
1969). 
.. It would seem, then, the position of a 
word in a stimulus item influences where 
it will be subsequently intruded; the prob- 
ability of a word occurring as an intrusion 
increases with an increasing frequency of 
presentation and a shorter retention in- 
terval associated with the unit in which it 
appears as a stimulus. Similarly, the fewer 
the presentations and the longer the reten- 
tion interval associated with a stimulus 
unit, the greater the probability that an 
intrusion error will occur in the recall of 
that unit. 


DISCUSSION 


As anticipated from the Noyd (1965) data, 
this experiment shows strong intraunit inter- 
ference effects as a function of the number 
of words in the TBR unit when learning and 

‘recall of a stimulus are under conditions of 
maximum PI and retention is measured at 
intervals from 4 to 16 sec. For such data, 
significant Unit Length X Presentation Fre- 
quency and Unit Length X Retention Interval 
interactions were obtained. As in the case 
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of the Noyd data, the II effect was suffi- 
ciently severe to cause fewer words to be 
recalled from five-word units than from three- 
word units at 8 sec. (2.24 vs, 2.39) and at 
16 sec. (1.90 vs. 2.31) after a single reading 
of each stimulus. The greater severity of 
this effect in the present experiment as com- 
pared with Noyd's no doubt reflects the higher 
level of local PI from the just preceding 
stimulus in the present experiment. Our 
principal conclusion is that there is inter- 
ference among the elements of a TBR unit 
when recall is beyond the range of operation 
of a principle of displacement from primary 
memory or a short-term store, and must 
reflect the operation of within-unit II (perhaps 
eventually analyzable into within-unit PI and 
RI) in the presence of substantial intra- 
experimental PI. As such, II clearly does 
operate in the secondary-memory component 
of short-term memory functions obtained in 
the Brown-Peterson experimental paradigm. 

Merikle (1968) has argued that all II is 
entirely a matter of displacement from a 
limited capacity short-term store or primary 
memory system. He presented five-word 
stimuli for 2.25 sec. and six-word stimuli for 
3.25 sec. and then measured retention after 
0, 4, and 8 sec. filled with either addition or 
classification of pairs of digits. While mean 
immediate recall of words from the six- and 
five-word stimuli was 5.1 and 4.4, mean de- 
layed recall at 4 and 8 sec. was essentially 
identical for the two stimulus lengths, even 
though appreciable forgetting occurred. Also, 
the classification task caused more forgetting 
than the addition task at 4 sec., but no in- 
creased forgetting from 4 to 8 sec. Since 
Merikle's study involved a high level of intra- 
experimental PI, we would have expected a 
greater slope of the retention function between 
4 sec. and 8 sec. for the six-word units than 
for the five-word units. There is no obvious 
explanation of this discrepancy. 

Merikle (1968) was at least half right in 
his contention that a part of what has been 
called II may result from the greater proba- 
bility of displacement of a word from a longer 
string, as compared with a shorter string, 
from the short-term store, primary memory, 
or rehearsal set. This is a common inter- 
pretation of the span of immediate memory 
(Atkinson & Shiffrin, 1968), and this ac- 
quisition factor must become more important 
the nearer the stimulus lengths come to the 
span of immediate memory. The Noyd (1965) 
data cited in the introduction make it clear 
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that the slope of the retention function from 
0 to 4 sec. is greater the longer the TBR, 
but not thereafter, when there is no intra- 
experimental PI. The same conclusion fol- 
lows from the study by Houston (1965), in 
which five- and six-word units were recalled 
after 0, 1.5, 3.0, and 6.0 sec. with no intra- 
experimental PI present. His words recalled, 
without regard for order, from the five- and 
six-word units at those retention intervals were 
4.88, 4.33, 3.92, and 3.92 for five words; and 
5.92, 4.66, 4.37, and 4.08 for six words. 
A displacement from primary memory or a 
rehearsal set is further supported by the 
Merikle finding of acceleration of forgetting 
up to 4 sec., but not thereafter, when a dif- 
ficult classification task, as compared with 
an addition task, is used to prevent rehearsal. 
We now know, from the work of Dillon and 
Reid (1969), that the difficulty of an inter- 
polated task is an important determinant of 
forgetting only when manipulated during the 
first 4-5 sec. following the presentation of 
the TBR unit. 

Intrastimulus interference as a source of 
interference in recall correlated with the 
number of chunks in the TBR unit seems 
to operate throughout retention intervals be- 
tween 0 and 24 sec. in the Brown-Peterson 
paradigm. However, the evidence suggests 
that it may be accounted for by displacement 
from primary memory or a rehearsal system 
at very short retention intervals (less than 
5 sec.), in which case it is not dependent on 
the presence of intraexperimental PI, or it 
may interact with intraexperimental PI to 
produce retrieval failures or erroneous in- 
trusions at retention intervals greater than 
4-5 sec, in which case the II is dependent 
on the presence of PI. The data presently 
available do not allow a statement about the 
effect of II plus PI on the retention functions 
during the first 4-5 sec, Intrastimulus inter- 
ference, like PI, may be an interference effect 
that operates only on the secondary-memory 
component of the Brown-Peterson short-term 
memory experiment, by which is meant that 
it operates only when the chunk must be 
Selectively retrieved after having been dis- 
placed from primary memory or a rehearsal 
System. 

In the case of the second component of II, 
which was examined in the present study, the 
facilitative effect on recall of increased fre- 
quency of stimulus Presentations, as reported 
by Hellyer (1962) for trigrams, was confirmed 
and extended to strings of words of different 
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lengths. However, the absence of a enificant 
interaction between frequency of pr: sentation 
and retention intervals of 4, 8, and i6 sec, j 
somewhat surprising. It may be hat thi 
finding is specific to the low level : ncoding 
(rapid oral reading) to which S$ wa- -estricte¢ 
during each presentation (Craik & »ckhart 
1972). If level of initial acquisition ad been 
manipulated by increasing the du ^n of à 
single initial study period, thus allo-. ag S tq 
engage in increasing amounts of ths of 
secondary, elaborative processing strong 
interaction such as that obtained | Hellyer 
might have obtained. | 

Within the context of the two- ponent 
interpretation of II, the analysis of trusion 
errors and omission errors merels onfirmg 
the increasing involvement of PI in getting. 
as retention intervals lengthen fron 4 to 
16 sec. Some useful additional in mation 
about the conditions that favor the occurrence 
of erroneous intrusions from prior TR units 
was obtained, however. | 
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Four experiments 
ment III) of lists of unrelated words. 


any order. 


either prior (Experiment II and IV) or subsequent to 
related words. The results were taken as evidence that unitization does take 


place in STS. 


More words can be recalled from a free- 
recall list if the list is made up of cate- 
gorized words as opposed to unrelated 
words (e.g., Cohen, 1966; Kintsch, 1968). 
Apparently, the two types of lists are 
stored equally well in long-term storage 
(LTS), but there is an advantage in the 
retrieval of this information for categorized 
lists (Kintsch, 1968). With categorized 
lists, the names of the categories can be 
stored in LTS and can be used later as 
retrieval cues for the presented instances. 

The purpose of the present study was to 
assess whether or not categorized words 
are of similar benefit to short-term storage 
(STS). Specifically, can the use of cate- 
gorized words be demonstrated to alleviate 
the limited rehearsal capacity of STS? 

One hypothesis concerning the effect of 
related words upon STS is the unitization 
hypothesis (Tulving & Patterson, 1968). 
According to the unitization hypothesis, 
TERN AMA IAS 
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were conducted to assess the extent to which Ss unitize 
related words in short-term storage (STS). Categorized words were inserted 
either at the end (Experiments I, II, and IV), 
The unitization of the related words in 
STS was expected to facilitate the recall of other words in the list. No facilita- 
tion was found in Experiment I, in which Ss were free to recall the words in 
When recall was constrained, there was facilitation of other words 


or toward the middle (Experi- 


(Experiment III) the 


limited capacity r -hearsa 
1, limiti 
istereg 


ordi 


STS consists of a 
buffer. Unrelated words, e.g., bloc 
flag, and neighbor, would each be r: 
in a separate slot in the buffer 


to be rehearsed. However, relate wort 
could possibly be rehearsed as singl 
unit. For example, mother, fathe sistä 


and brother could all be enterec in OM 
slot of the buffer. 

In examining whether or not : vitizatle 
takes place in STS, Tulving and 1 tersol 
(1968) presented Ss with lists of varyill 
length for free recall. In the experiment 
lists, the four words at the end of ^ ich li 
belonged to a single category; while 
the control lists, all of the words wa 
unrelated. It was argued that if unitizd 
tion occurred in STS, then both (a) 4 
equivalent number of functional uni 
would be recalled in the two condition 
and (b) the buffer would be free to rehea 
other words in the list, viz., those wom 
immediately preceding the categorize 
words. No evidence of unitization Wí 
found. When recall was scored by coum 
ing each unrelated word as a functio 
unit and the category as a unit, regardle 
of the number of words recalled from 
category, there were fewer functional uni 
recalled for the experimental lists. In 9 
dition, the level of recall from the seni 
positions immediately preceding the cai 
gorized words was not different from t 
of the control for those same serial p9* 
tions. On the basis of these two measu 
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Tulving and Patterson concluded that the 
related words did not act like a single 
unit in STS. 

In a replication of the Tulving and 
Patterson (1968) study, Fritzen and John- 
son (1972) allowed Ss to memorize the set 
of categorized words, just prior to the 
presentation of each experimental list. As 
Fritzen and Johnson point out, Tulving 
and Patterson's position would predict 
that the memorized category words would 
become unitized in memory prior to the 
list, leading to an equivalent number of 
functional units recalled. The data in- 
dicated that, even with prior memoriza- 
tion, fewer functional units were recalled 
in the experimental lists. 

Despite these problems with an analysis 
of functional units, one can still attempt 
to assess the issue of unitization by ex- 
amining the recall of words prior to the 
related words. That is, if related words 
take up only a single space in the buffer, 
the remaining space would be free for Ss 
to rehearse the immediately preceding 
words. The Fritzen and Johnson (1972) 
data indicated that this was not the case. 

In the experimental lists of the Fritzen 
find Johnson (1972) study, where the 
related words were memorized beforehand, 
it is conceivable that Ss could completely 
ignore the list presentation of the memo- 
rized words. At most, Ss would only need 
to reenter the category name in the buffer 
at that time to permit the later retrieval 
of those words from memory. In that 
case, the level of recall of the immediately 
preceding words would be roughly equiva- 
ent to the items prior to the last item in 
the control lists. Although Fritzen and 
Johnson made no direct comparison, the 
observed level of recall was markedly lower 
than that of the control. 

In Experiment I of the present study, 
the extent to which Ss rehearse prior items 
n the list was reexamined. There were 
our conditions, two of which were a partial 
eplication of the Fritzen and Johnson 
(1972) study. The two remaining condi- 
ions were included to assess the effect of 
t single repeated acoustic input upon the 
ehearsal of other words in the list. To 
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the extent that repeated acoustic informa- 
tion is easier to reject from the buffer than 
varying acoustic input, Ss should be able 
to make better use of the buffer capacity, 
possibly yielding a level of recall for the 
preceding words equivalent to the items 
preceding the last control item. 


EXPERIMENT I 
Method 


Subjects. Sixty-five Ss served in the experiment 
as part of an introductory psychology course re- 
quirement. The Ss were run in nine groups which 
varied in size from 5 to 8 Ss each. 

Procedure and design. There were four condi- 
tions which differed with respect to the type of 
words that occurred in the last four positions: 
Conditions C, E, 1W, and 1N. For Condition C, 
the last 4 words were unrelated, while for Condi- 
tion E, they belonged to a single category. For 
Conditions 1W and 1N, either a single unrelated 
word or a single category name was repeated in 
the last four positions. Thus, in the latter two 
conditions, 13 rather than 16 different words were 
presented, Each S served in each condition twice, 
for a total of eight lists per .S.* 

At the beginning of the experiment, Ss were 
fully instructed regarding the various types of lists 
that would be presented. The order of the eight 
lists was determined by a table of random numbers 
for each of the groups. Before each E and 1N 
list, Ss copied down the four related words and 
the category name to be used in that list and 
were given 30 sec. to memorize them, They were 
told that they were to recall the instances at the 
end of the list and, for Condition 1N, that the 
category name, rather than the instances, would 
appear at the end of the list. The same procedure 
was used for the memorization of single unrelated 
words in Condition IW. No prior information was 
given before the C lists. 

Words were presented orally at the rate of 2 
sec/word, Recall occurred immediately after pres- 
entation, and Ss wrote the words on blank sheets 
of paper. Sixty seconds were allowed for recall, 
after which the sheets were placed face down. 

Twelve sets of 12 unrelated words were randomly 
drawn from a large pool of nouns, or words that 
could be used as nouns, with a Thorndike-Lorge 
(1944) count of A or AA, These 12 sets were 
randomly assigned to the 8 lists for each group 
of Ss, to be used in Positions 1-12. The appro- 


* There were two additional conditions involving 
delayed recall of the control and experimental lists 
which had been included to separate out the STS 
and LTS contributions of any significant effect for 
immediate recall. Since a significant effect, favor- 
ing unitization, was not observed with immediate 
recall, these data are not reported. 
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priate words for the remaining positions were 
drawn from 4 sets of unrelated words, and 4 single 
unrelated words, all drawn from the unrelated 
word pool. The categorized words were drawn 
from a pool of 8 exhaustive and 4 nonexhaustive 
categories selected from Cohen (1963). 
The Ss’ protocols were scored for functional units 
by recording one point for each unrelated word 
recalled and one point if at least one related word 
was recalled, According to Tulving and Patterson 
(1968), the level of recall of functional units should 
be roughly equivalent in all four conditions. The 
tendency for Ss to rehearse prior words in the list 
was assessed by comparing the level of recall in 
each condition for Serial Positions 11 and 12. For 
Conditions E, 1N, and 1W, the level of recall in 
those positions should be above that of the control, 
to the extent that prior memorization frees the 
buffer for rehearsal of other words in the list. To 
the extent that Ss make maximum use of the 
buffer, the level of recall in those positions should 
be roughly equivalent to the level for Positions 14 
and 15 of the control, i.e., the items prior to the 
last one. 


Results and Discussion 


The serial position curves for the four 
conditions are given in Figure 1. A com- 
parison of Conditions C and E supports 
the finding of Fritzen and Johnson (1972) 
that a set of memorized related words does 
not act as a single unit when placed at 
the end of a free-recall list. The mean 
numbers of functional units for Conditions 
: C and E were 6.72 and 5.66 units, re- 
spectively, F (1, 64) = 26.30, p < .001. 
In addition, there was no indication that 
Ss devoted extra rehearsal to the words 
immediately prior to the memorized set. 
The probabilities of recall of preceding 
items (Positions 11-12) were .37 and .40 


ast. oe Se 
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FIGURE 1. Serial position curves for the con- 
trol (€), experimental (E), category name (1N) 
and single word (1W) Conditions of Experiment Ñ 
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for Conditions C and E (F < 1). 
over, the probability of recall 
preceding items for Condition E ^ 
nificantly below that of Positio: 
for the control, which was .57, / 
= 1448, p < .001. 

A comparison of Conditions 1N 
with the control similarly failed 
evidence for unitization. The me 
bers of functional units were 5.52 à 
for Conditions 1N and 1W, resp: 
An analysis of variance indicated 
nificant difference among the thre: 
F (2, 128) = 15.66, p < .001. Th 
were compared by using Dunca! 
multiple-range test, which indica 
more units were recalled from Con: 
than the other two conditions (. 


other. 

The probability of recall of 
Positions 11-12 did not differ sig: 
for Conditions C, 1N, and 1W, F 2, 
= 2.55, p > .05. The probabil 
Conditions 1N and 1W were .44 
respectively. "Thus, a significan: 
tion was not obtained for eithe: repeated 
or nonrepeated acoustic input. Wn these 
probabilities were compared with that 
the control for Positions 14-15, which v 
.57, a significant difference was obtained 
F (2, 128) = 4.52, p < .05. A comparison | 
of the means indicated that the probability) 
of recall was higher for the control tha 
for the other two groups, which did nofi 
differ (« = .05). | 

Since extra rehearsal could have beei 
devoted to words other than those im’ 
mediately preceding the memorized seti. 
the mean recall of the first 12 items Wa 
compared for the various conditions. 5 
means for Conditions C, E, 1N, and 1V 
were 4.28, 4.68, 4.65, and 4.93, resp? 
tively, and they did not differ significant}, 
from one another, F (3, 192) = 1.86. J 

In terms of functional units, more uni* 
were recalled from the control conditi 
than from the experimental conditioni 
even though one of the functional units ! 
each of the experimental conditions h 
been previously memorized. Thus, whé 
is assumed to be an established unit # 
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L'TS does not function like a unit in STS. 
However, it should be pointed out that 
the unitization hypothesis requires two 
events to occur: (a) that the words enter 
the buffer as a single unit, and (6) that Ss 
continue to rehearse previous words in the 
list. The failure of either or both of these 
events to occur would contribute to the 
lower recall of the experimental conditions, 
as indexed by functional units. This holds 
for both the present data and that of 
Tulving and Patterson (1968), who gave 


no prior information concerning the related f 


words. 

With regard to rehearsal, the present 
data indicate that during the presentation 
of memorized words, Ss do not make use 
of the buffer to the fullest logical extent 
possible. In fact, there is no reliable in- 
dication that Ss rehearse previous words 
at all. Clearly, the successful demonstra- 
tion of unitization would require a task in 
which Ss actually do continue to rehearse 
prior words in the list, given that unitiza- 
tion has occurred. 

The remaining experiments deal with 
categorized words which have not been 
previously memorized. The free-recall 
procedure was modified in an effort to 
place emphasis on words which could po- 
tentially benefit from unitization. The 
assumption was made that an emphasized 
subset would receive priority for rehearsal 
in STS. 


EXPERIMENTS II AND III 


In Experiment II, there were two types 
of lists and two orders of recall. All lists 
were 16 words in length, and, for purposes 
of discussion, can be conceptually divided 
into three segments: the beginning 8 words, 
the middle 4, and the end 4. All 16 words 
of the control lists were unrelated, whereas 
the end words of the experimental list 
belonged to a single category. In the 
mixed-recall condition, Ss recalled the lists 
in the order middle, end, beginning. On the 
basis of the unitization hypothesis, greater 
recall of the middle items was predicted 
for the experimental lists. 

In the backward-recall condition, the 
same lists were used, but the order of 
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recall was end, middle, beginning. With 
backward recall, the recall of the middle 
items was necessarily delayed, which was 
predicted to reduce significantly the STS 
advantage of the experimental lists over 
the control. Essentially, an interaction 
was predicted for the two list types and 
the two orders of recall. 

Experiment III was similar, except that 
the categorized words constituted the 
middle four words. The focus of interest 
was on the words subsequent to the cate- 
gorized items, i.e., the end items. For 
backward-recall Ss, the recall of the end 
items was expected to be higher for the 
experimental than for the control condi- 
tion. Mixed recall necessitated a delay in 
the recall of the end items, and thus a 
reduction in the advantage of the exper- 
imental lists was predicted. 


Method. 


Subjects. In each experiment, 96 introductory 
psychology students were randomly assigned to 
one of the four groups as they came to the 
experiment, 

Procedure and design. In Experiment II, each $ 
recalled four lists of 16 words each. For each list, — 
a Kodak Carousel projector was used to present .- 
13 slides at a 3-sec. rate. The first 12 slides con- 
tained 1 unrelated word each, and the last slide 
contained 4 words, 

There were two orders of recall. For Ss with 
backward recall, E said, “last slide," immediately . — 
after the last slide and 8 sec. were allowed for the 
oral recall of the last slide. The E terminated 
the first recall interval by saying, “prior words,” 
and allowed 8 more sec. for the recall of the four 
words immediately preceding the last slide. Then, 
E said, “any other words," and 30 sec. were al- 3 
lowed for the recall of any word in the list not yet - 
recalled. For mixed-recall Ss, the order of signals — 
was "prior words," “Jast slide," and "any other — 
words,” E 

The two orders of recall combined with two types | 
of lists to yield a 2 X 2 factorial. For Ss receiving. 
experimental lists, the last four words belonged to — 
a single category, while for Ss receiving control - 
lists, these words were unrelated. E 

The Ss were told that the last slide would con- 
tain four words which were the most important 
words on the list, and it was stressed that they 
should try to recall all four correctly. In addition, — 
they were told that the four words prior to the. — 
last slide were also important, and that these words RT 
would be recalled separately from the rest of the 
list. They were instructed as to the order of recall - 
and also the time limits involved. No mention - 1 
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‘ Serial Position 
Ficure 2. Serial position curves and short-term 
" storage (STS) estimates (Positions 9-12) for the 
backward (Bwd.) vs. mixed (Mxd.) recall, and the 
experimental (Exp.) vs. control (Cont.) conditions 
- of Experiment II. 


- was made of either list length or of the possibility 

of related words. 

- In Experiment III, the same lists, procedure, 
and design were used, except that the simulta- 
“neously presented words were placed before the 

- last four words in the list. The instructions de- 
scribed the simultaneous words as the most im- 

- portant in the list, and the four subsequent words 

were emphasized as being recalled separately from 

| the rest of the list. 

= For the simultaneously presented words, four 
exhaustive categories (with four members each) 

F were chosen from Cohen (1963), and four sets of 

four unrelated words were selected from the pool 

in Experiment I. For both types of material, each 
set served equally often in each of the four lists. 
For the remaining words, four sets of 12 unrelated 
words were formed from the unrelated word pool, 

_ and the order of the list presentation was counter- 

4 balanced across Ss. 

$ 

3 

4 


Results and. Discussion 


The serial position curves for the data 
"from Experiment II are shown in Figure 2. 
- Words were scored as correct responses 
even if they were recalled in the incorrect 
interval. The data for each S's first list 
are not included either in this or in the 
“following experiments because of the fre- 
quent need to reinstruct Ss as to the 
- procedure after the first list. 

The level of recall of the words in Posi- 
tions 9-12 was analyzed in a three-way 
mixed-design analysis of variance, where 
serial position was the within-Ss factor and 
— order of recall and type of list were the 

between-Ss factors. The effect of serial 

position was not significant, F (3, 276) 
= 1.18, p > .05, nor was it involved in 
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recall, F (1, 92) = 1.73, was signi 


any significant interaction (Fs « 1). 
was a significant advantage of the e 
mental over control lists, F (1,92) = - 
p < .001, as predicted by the unitiz- 
hypothesis. Although delaying the 
of these words had an overall sign 
effect, F (1, 92) = 13.97, P < .001, i 
not differential (F < 1). 

The level of recall in the first 
serial positions was taken to reflect 
was stored in LTS. Although neith« 
effect of type of list (F < 1) nor orc of 


the interaction was significant, F (1, 92) 


= 6.60, p<.05. That is, the « trol 
condition had a slight advantage ov’ the 
experimental condition with mixed call, 
but the situation was reversed wit: de- 
layed recall. Assuming that the le -l of 
recall from Positions 9-12 represents both 
STS and LTS, these differences wou | at- 
tenuate the predicted interaction of « ‘ects 
for those serial positions. 

In order to separate out the STS vom- 
ponent for Positions 9-12 and to tak. into 
account the differences in LTS amo: . the 
groups, the formula suggested by V «ugh 
and Norman (1965) was used to « tail! 


estimates of the recall from STS (s 
Figure 2). The estimate of the asymptotic 
probability of recalling items from LTS: 
was based on Positions 5-7 for each group. 

An analysis of the STS estimates in- 
dicated that the effects of order of recall, 
F (1, 92) = 14.30, p < .001, as well as 
type of list, F (1, 92) = 11.75, p < .001, 
were significant. In addition, the inter- 
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Serial Position 


FIGURE 3. Serial position curves and short-term 
storage (STS) estimates (Positions 13-16) for the 
backward (Bwd.) vs. mixed (Mxd.) recall, and the 
experimental (Exp.) vs. control (Cont.) conditions” 
of Experiment III. 
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action was significant, F (1, 92) = 4.70, 
p <.05. Thus, the effect of delay was 
more severe for the experimental lists. 
The effect of serial position was not sig- 
nificant, nor was it involved in any 
interaction. 

The data for Experiment III are shown 
in Figure 3. For the last four items in 
the list, the effect of order of recall was 
significant, F (1, 92) = 56.69, p < .001, as 
well as the effect of type of list, F (1, 92) 
= 59,76, p < .001. In addition, the inter- 
action was significant, F (1, 92) = 15.93, 
p < .001. 

Unlike Experiment II, there was no dif- 
ference among the groups with respect to 
the first eight serial positions in the list. 
The effects of serial position was significant, 
F (7, 644) = 25.78, p < .001, but it was 
not involved in any interaction (Fs « 1.66). 
In addition, the effects of order of recall, 
type of list, and their interaction were all 
nonsignificant. 

The STS estimates confirm the findings 
for absolute recall in Positions 9-12 (see 
Figure 3). The effects of type of list, 
F (1,92) = 21.00, p < .001, order of recall, 
F (1, 92) = 47.77, p < .001, and their in- 
teraction, F (1, 92) = 8.77, p < .005, were 
significant. 

For the STS estimates, the effect of 
serial position was significant, F (3, 276) 
= 5.06, p < .005. In addition, the Posi- 
tion X Type of List interaction was sig- 
nificant, F (3, 276) = 5.94, p < .001, re- 
flecting a rise across serial positions for the 
control lists and rather steady performance 
for the experimental lists. It would appear 
as though, in the control conditions, Ss 
were continuing to rehearse the unrelated 
words presented on the single slide, de- 
voting little rehearsal to the immediately 
following items. 

The Position X Order of Recall inter- 
action was also significant, F (3, 276) 
= 2.69, p < .05. With immediate recall 
of the end items (backward recall), there 
was an overall rise in recall with serial 
position, while with delayed recall (mixed 
recall), the overall recall was fairly con- 
stant across serial positions. The extreme 
end items appear to be present in the 
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buffer at the time of recall, and delaying 
their recall reduces their advantage. The 
higher order Position X Type of List 
X Order of Recall interaction was not sig- 

nificant, F (3, 276) — 1.44. 

In summary, the data from Experiments | 
II and ILI indicate that related words are | 
processed more efficiently in STS than 
unrelated words, and also that the result- - 
ing facilitation can extend to either prior 
or subsequent words. The question of 
whether or not the related words act like 
a single STS unit remains. 

For the mixed-recall conditions of Ex- 
periment II, the mean numbers of func- 
tional units recalled were 5.58 and 6.10. 
units for the experimental and control con- — 
ditions, respectively, F (1, 23) — 1.74, 218 
> .05, For backward recall, the respective } 
means were 5.93 and 7.46, F (1, 23) k 
= 34.11, p < .001. These data are dif- 4 
ficult to interpret because of the use of 
timed recall intervals. Delaying the recall 
of some of the words very likely results 
in their loss from STS and lowers the 
maximum number of functional units pos- 
sible. For example, with backward recall —— 
of the experimental lists, any words prior 
to the related words which would be in B 
the buffer at the end of the list would be — — 
delayed and thus lost from STS. Simi- 
larly, for backward (mixed) recall of the 
control condition, any middle (end) words 
stored in the buffer could be lost during 
the delay. Thus, the issue of whether or 
not the related words take up the equiva- 
lent of one buffer space remains in doubt. 

For the backward recall conditions of 
Experiment III, the. mean numbers of 
functional units recalled were 7.36 and 7.25 
for the experimental and control condi- . 
tions, respectively (F < 1). For mixed j 
recall, the respective means were 5.49 and — 
7.76 units, F (1, 23) = 25.09, p < .001, 


EXPERIMENT IV 


There were several methodological dif- 
ferences between the procedure employed 
in Experiments II and III and that of 
Tulving and Patterson (1968). One of 
these was the manner of presentation of 
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the related words. Experiment IV was a 
‘replication of Experiment II; however, the 
"related words were presented on successive 
lides in order to see whether facilitation 
of the rehearsal of other words in the list 
is restricted to the simultaneous presenta- 
tion. Two possible advantages of simul- 
taneous presentation are: (a) the facilita- 
tion in detection of the category, and (b) 
a minimizing of the time between words 
prior to the category and the end of the 
i This latter factor should make no 
ing i rather than 


introductory psychology 
They were assigned to one 
lternating order as they 


Results and. Discussion 


The serial position curves are shown in 
Figure 4. An analysis of the items in 
— Positions 9-12 indicated that, as in Ex- 
periment 1I, while the effects of both order 
of recall, F (1, 92) = 13.31, p < .001, and 
ype of list, F (1, 92) = 1549, p < -001 
were significant, their interaction was not. 
The effect of serial position was not sig- 
- nificant, nor was it involved in any 

interaction. 
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Serial Position 


FiGumE 4, Serial position curves and short-term 
storage (STS) estimates (positions 9-12) for the 
backward (Bwd.) vs. mixed (Mxd.) recall, and the 
experimental (Exp.) vs. control (Cont.) conditions 
- of Experiment IV. 
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For the initial eight words, the effect - 
of type of list was significant, F (^. 92) 
= 28.13, p < .001, as well as the effect 
of serial position, F (7, 644) = 2:8, DY 
< 001. The effect of order of re was 
not significant, F (1,92) = 3.38, nc: were 
any two-way interactions significan. The 


self 
rial 
cally 
cult 
> of 
ome 
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the curves evidence: 


erratic shape of 
ion involvin 


in a three-way interact 
position, type of list, and order o! 
F (7, 644) = 2.51, p < 05. It is d 
to interpret this effect. If either t 
recall or type of list was exhibiting 
sort of interference upon these wor 
pattern of the influence does not : 
consistently across experiments. 


An analysis of the STS estima: s in- 


dicated that the effect of type of list was 
significant, F (1, 92) — 18.58, p - .001, 
as was that for order of recall, F (C, 92) 
= 18.51, p < .001, and their inter: ctiony 
F (1, 92) = 6.54, p < .05. Thus, with 
successively presented related word: there 
does appear to be a facilitation the 
recall of prior words which is significantly 


reduced when a delay of those woids is 
imposed. The effect of serial position was 
not significant, not was it involved i: any 
interaction. à 

For mixed recall, there were more funt- 
tional units recalled in the experimental 
condition than in the control, F (1, 23) 1 
= 435, p < .05. The means were 6.82 
and 5.82, respectively. For backward re- 
call, the means were 6.39 and 7.56, F (1, 23) 
= 11.09, p < .005, for the experimental 
and control conditions. 


GENERAL DISCUSSION 


Related words appear to benefit STS, just 
as they have been previously shown to bene- 
fit ETS. Although the present data do not 
demonstrate that related words act as à single 
unit in STS, they do indicate that there is 
a facilitation in the recall of other words in 
the list. This facilitation can be taken to 
indicate that four related words occupy less 
space in STS than four unrelated words. 

It is possible that these data do reflect 
unitization in STS, but not of the sort de- 
scribed by the unitization hypothesis. For 
example, it is possible that a word must enter 
the buffer prior to the initiation of any 8€ 


bj 


UNITIZATION OF RELATED WORDS IN SHORT-TERM STORE 


mantic analysis of it. "Thus, at least two 
related words would have to enter the buffer 
before the categorized relationship between 
them would be detected. If the assumption 
is made that the detection of the category 
name makes the further rehearsal of the two 
instances unnecessary, then Ss could con- 
ceivably use one of the two buffer spaces for 
the registration of further instances and the 
other for the rehearsal of the category name 
(or, alternatively, for the collection of the 
instances in a single space). It is implicitly 
assumed that Ss have control over which 
items are displaced from the buffer (Atkinson 
& Shiffrin, 1968). Such a rehearsal strategy 
would result in the categorized words taking 
up more space than one, but less than four, 
unrelated words in STS. 

Concerning the issue raised by Tulving and 
Patterson (1968) as to where unitization takes 
place, if one assumes that STS traces have 
both acoustic and semantic features (e.g., 
Shulman, 1970), then the process of unitiza- 
tion could be contained within the STS 
system, If one assumes that STS traces are 
purely acoustic, then both STS and LTS 
would be involved. Strictly speaking, LTS 
would have to be implicated under both as- 
sumptions, since the STS input for both posi- 
tions must be derived from knowledge con- 
tained in LTS, 

A somewhat different interpretation of the 
present findings is suggested by Waugh and 
Norman's (1968) "unpredictable items" hy- 
pothesis. Essentially, redundant or predict- 
able information is hypothesized to be less 
disruptive to traces in STS than is non- 
redundant information. To the extent that 
a set of words from a single category is more 
redundant than a set of unrelated words, 
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there would be less disruption in STS. This - 
hypothesis would have to be extended some- - 
what in order to include the facilitory effects — 
for items subsequent to the redundant set. 
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A total of 120 albino rats received differential large (L) and small AS) or 
nondifferential L or S reward training in a nonchoice brightness discrimination 
reward conditions were changed according 
to a factorial manipulation of preshift reward conditions (LL, LS, and SS), 
postshift reward in S+ (L and S), and postshift reward in S-. 
dicated typical simultaneous contrast effects in preshift; an effect of the 
preshift contrast manipulation on postshift speeds—decreasing postshif t 
speeds; successive negative contrast effects for both the LL and LS preshift 
conditions; and functionally similar effects of a reward increase following 
Y both differential and nondifferential conditioning. This pattern of findings, 
p indicating independence between simultaneous and successive contrast effects, 
is was discussed in terms of implications for present models of differential 


apparatus. Following 72 trials, 


b conditioning. 


In both differential and simple instru- 
mental conditioning, the performance of 
groups receiving contrasted incentives, 
either pre- vs. postshift in the same situ- 
tion (Sı) or for the same response in a 
ifferent stimulus situation (Sə), is de- 
pressed relative to that of conditions 
“receiving a constant incentive value. With 
differential reward training, speeds are 
- depressed to both the large and small 
‘reward discriminanda (an S,/S; effect) 
“relative to control conditions receiving 
either large reward in both discriminanda 
or small reward in both S, and S» (cf. 
McHose, 1970). Similarly, in the single 
alley, the performance of a condition 
"shifted from large to small reward is de- 
pressed relative to that of a control that 
receives small reward throughout the pre- 
‘and postshift periods (an S;/S; effect). 
However, following an increase in reward, 
| speeds are sometimes elevated (elated), 
not depressed, relative to a postshift (large 
y ward) control (cf. Dunham, 1968). The 


1 The study is based on a doctoral dissertation 
submitted to Southern Illinois University. The 
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_ mittee chairman, James H. McHose. 
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REWARD SHIFT EFFECTS IN DIFFERENTIAL CONDITION: ^; 


Results in- 


rela- 
trast 


present study is concerned with tl 
tionship between $1/S1 and $,/8: « 


effects. More specifically, the con. rn is 
whether S;/S; effects (elation or dep: ;sion) 
will obtain following reward shifts ithin 
a discriminandum; that is, will S. 31 ef- 
fects occur for conditions also sub ct to 


Si/Si effects? 

While both S;/Ss (simultaneou 
Sı/Sı (successive) contrast effec! 
been demonstrated in numerous : udies 
(cf. Black, 1968; Dunham, 1968; V. Hose, 7 
1970), one result of this experimental at- 
tention has been the development of two} 
largely separate literatures, with few 
studies focusing on the relationship be- 
tween S,/S; and S;/S, effects. Theoreti- 3 
cally, however, some degree of interdepend- 
ence between S;/S; and S;/S; effects would 
be expected as frustration-based interpre 
tations are frequently applied to both 
phenomena (Black, 1968; Ison, Glass, & 
Daly, 1969). 1f Sj/Si and Sj/S: depression 
effects are the result of frustration-engen- 
dered inhibition produced by discrepancies 
between expected and obtained rewards, 
pre- vs. postshift reward for S,/S; depres- 
sion and S, vs. S; rewards for S:/S: de 
pression, then experience with S,/S» con 
trast should, through counterconditioning 
(cf. Amsel, 1967), attenuate the effects of 
a subsequent shift to small reward. AC 
cordingly, S:/S; depression manipulations 
following differential conditioning should] 


and 
have 
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be less disruptive than such manipulations 
following. nondifferential reward training. 
The existing data relevant to the question 
of interdependence between S1/Sı and S,/S. 
effects are uncertain as to the presence of 
an S/S; depression effect as either the 
appropriate postshift control was not in- 
cluded (Ison et al., 1969) or, for choice 
behavior, the effect is marginal when a 
control has been included (e.g., Spear & 
Spitzner, 1966). While these data are of 
limited value to the present concern, it is 
of interest to note that Ison et al. report 
a greater change in speeds following a de- 
crease or an increase in reward for groups 
that received nondifferential conditioning 
in preshift relative to groups that were 
subject to Si/S» contrast effects in preshift. 
However, this study did not report typical 
Sj/S. depression effects for the preshift 
period. 

With respect to possible elation effects 
following differential reward training, a few 
Studies have increased reward within a 
discriminandum (e.g., Ison et al., 1969), 
but none has included any sort of non- 
shifted large reward control. The present 
design permitted an evaluation of both 
reward decreases and increases within a 
discriminandum following differential re- 
ward conditioning. 


METHOD 


Subjects. One hundred twenty experimentally 
naive female albino rats of the Holtzman strain, 
approximately 120 days old at the beginning of the 
experiment, served as Ss. 

Apparatus. The apparatus consisted of a 25- 
cm. start box and two 96-cm. alleys, both of which 
included a 29.5-cm. goal section. For all sections, 
the inner height was 10 cm., and the inner width 
was 9 cm. The start box was painted a medium 
gray. One alley was painted black and the other 
white. A translucent Plexiglas covered all units of 
the apparatus. The parallel alleys were positioned 
such that either section could be aligned with the 
start box. An opaque solenoid-operated door sepa- 
rated the start box from the alleys. Clear Plexiglas 
guillotine-type retrace doors separated the goal and 
runway sections of each alley. Dropping the start 
door initiated a clock that stopped when S inter- 
rupted a photocell beam located 15.5 cm. beyond 
the start door, providing a start time measure. 
Photocell clock circuitry also provided traversal 
times over the next three segments of the alley 
(early run, 15.5 cm.; run, 30 cm. ; and goal, 30 em.). 
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Procedure, Approximately 9 days prior to the 
first training day, Day 10, Ss were placed on a 23-hr, 
food-deprivation free-water-access schedule which 
was maintained throughout the course of the 
investigation. 

On Days 6-7, Ss were handled individually for 
about 2 min. On Days 8-9, Ss were allowed to 
explore the start and run sections of the apparatus, 
Upon return to the home cages, Ss were fed ap- 
proximately .5 mg. or 45-mg. Noyes pellets, 

The design consisted of a 3 X 2 X 2 factorial, - 
with factors of differential or nondifferential large — 
(L) or small (S) preshift reward (Groups LL, LS, 
SS), postshift reward in one alley (L, S), and post- 
shift reward in the other alley (L, S). One hundred ; 
twenty Ss were randomly assigned to the 12 experi- - 
mental conditions. 

In the preshift stage, Group LS received 12 45-mg. 
pellets in one alley (S4-) and 1 pellet in the other 
alley (S—). The brightness associated with S+ 
was counterbalanced between groups. 

Beginning on Day 10, Ss received 2 trials for 2 — 
days and 4 trials/day for the remainder of the study, — 
The intertrial interval for all days was approxi- 
mately 7 min. For all conditions black (B) and 
white (W) trials were administered according to the 
following recursive 6-day cycle: BWBW, WWBB, 
WBBW, BBWW, WBWB, BWWB. 

The Ss were run in 20 squads of 6 Ss each with 
the restriction that both S++ brightness conditions z 
be present in every squad. The order of trial — 
administration within a squad was randomized from 
day to day. Within a squad, all Ss received an 
initial trial before any S received the second trial, 
etc. A total of 72 trials was administered in the 
preshift period. 

A typical trial began with the placement of S in 
the start box. Following a 3-sec. orientation to the 
start door, the door was opened. After entering the 
goal box, S was removed immediately after reward vi 
consumption and returned to the carrying cage, j 

The administration of trials to the various post- .— 
shift conditions over the 72 postshift trials was 
identical to that of the preshift period. g 


REsULTS AND DISCUSSION 


Preshift performance. Mean start (upper © 
panel) and goal speeds (lower panel) for 
the preshift conditions are presented in 
Figure 1. Speeds (in feet per second) are 
plotted as a function of the last 4 days of — 
acquisition (Block A), and the first 5. 
(Days 1-5) and last 2 days (Block TP) 
of the postshift period. At Block A, 
speeds to S+ for Group LS are plotted 
separately from those obtained on S— _ 
trials. For Groups LL and SS, “S+” and xf 
"S—" speeds did not differ and were col- 
lapsed into one data point for each group. 
For Days 1-5 and Block TP, the trend 
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= FIGURE 1, Mean start (upper) and goal speeds 
— (lower panel) for the preshift conditions as a func- 
- tion of the last 4 days of preshift (A) and the first 
- 5 (Days 1-5) and last 4 days (TP) of the postshift 
= period. 
lines represent the postshift performance of 
the preshift groups collapsed over the 
= various postshift conditions. Concentra- 
_ ting on terminal preshift performance 
= (Block A), Group LS displayed faster 
- speeds in S+ than in S—. Speeds to S+ 
for Group LS were depressed relative to 
^ Group LL, and speeds on S— trials were 
slower than those on S— trials for Group 
-SS. A three-way analysis of variance over 
- Days 15-18, which included groups, S+ 
_ brightness, and discriminanda as factors, 
_ yielded significant (p < .01) Groups X Dis- 
— eriminanda interactions, Fs (2, 114) = 
-.36.05 and 6.2, for start and goal, respec- 
j tively, and supported the noted discrimina- 
tion effects for LS. Subsequent Tukey (a) 
pair comparisons indicated reliable speed 
differences (p < .01) only for Group LS 
on S+ trials relative to Group LL and 
- between the S— speeds for Groups LS 
. and SS. The present S+ and S— de- 
| pression effects are consistent with the 
bulk of the previous literature (cf. McHose, 
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1970) and permit assessment of the : 
concern with the effects of simul 
(S,/S;) contrast on successive (Si * 
trast effects within a discriminand: 

Postshift performance: Residual 
differential conditioning. Viewing n 
postshift speeds (described abov: 
sented in Figure 1, it is clear t! 
effects of preshift differential rewa: 
sisted into the postshift period. I 
vs. S— difference for the LS pres! 
was present early in postshift, and 
in both S+ and S— remain below 
of LL and SS preshift condition 
Block TP, the only persisting e! 
preshift stimulus conditions was 
speeds in the preshift S— discrimin: 
Six-way analyses of variance, wh 
cluded preshift training (LL, LS, a: 
postshift reward in S+, postshift | ward 
in S—, S+ brightness, discriminanc 
days (2-3 vs. 17-18) as factors, 
significant Groups X Discriminas: a 
Days interactions, Fs (2, 96) = 11. 
3.53 for start (p < .01) and goal (p 
respectively. Tukey (a) pair comp 
at Days 2-3 indicated reliably (5 
slower speeds in both discriminan `i f 
LS preshift conditions. This obser 
is important, since, independent o 
reward shift effects, LS preshift training 
influences postshift performance. Thus, in 
comparing the effects of a reward shift 
within a discriminandum on postshi!t per- 
formance levels, one factor is this persisting 
effect of S,/S; preshift contrast. Specifi- 
cally, in comparing postshift performance 
of the LL-SS and LS-SS conditions, while 
the performance of Group LL-SS would 
reflect S;/S, effects, the postshift perform- 
ance of Group LS-SS will reflect this resid- 
ual Sj/S; effect in addition to any 81/91 
effects present for this condition. 

Postshift performance: Reward reductions. 
Figure 2 presents speeds for the various 
conditions receiving a reward reduction as 
a function of the first 5 days of postshift: 
Both start (upper panel) and goal (lower 
panel) speeds are presented as difference 
means. Speeds for the appropriate post 
shift controls were subtracted from the 
speeds of the shifted conditions. For 
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example, speeds in the preshift S+ alley 
for Group LS-SS were subtracted from 
those in S+ for Group SS-SS. Also, the 
groups that received large postshift reward 
in the preshift S— alley are plotted sepa- 
rately from the small postshift reward in 
S— conditions, for example, LS-SS and 
LS-SL. Looking first at Groups LL-SS 
and LS-SS, speeds for these conditions 
were depressed relative to Group SS-SS 
in both measures. And, for both start 
and goal speeds, maximal depression oc- 
curred at Day 2 for Group LL-SS and at 
Day 3 for Group LS-SS. Comparing 
maximal depression days for these condi- 
tions, the goal speeds indicate a greater 
depression effect for Group LS-SS. Fi- 
nally, speeds in the preshift S4- alley were 
not depressed relative to the small control 
when large postshift reward was received 
in the preshift S— alley, that is, Groups 
LS-SL and LL-SL did not run slower than 
Group SS-SL. 

Five-factor variance analyses which in- 
cluded preshift training (LL, LS, and SS), 
postshift reward in S+, postshift reward 
in S—, S+ brightness, and days (2 vs. 3) 
as factors were performed on speeds to the 

Nopreshift S+ discriminandum. These anal- 
yses yielded significant (p < .05) Groups 
X Postshift reward in S++ X Postshift re- 
ward in S— X Days interactions, Fs (2, 96) 
— 447 and 3.22, for the start and goal 
measures, respectively. Comparisons (i 
tests) indicated reliable (p < .05) negative 
contrast effects for Groups LL-SS and 
LS-SS for both measures. The comparison 

between maximal depression days for 
Groups LL-SS and LS-SS failed to reach 
conventional significance levels. 

These results clearly indicate that Si/8; 
depression effects were present for condi- 
tions that received either differential or 
nondifferential conditioning in the preshift 
period. While the slower goal speeds for 
Group LS-SS suggest a greater S,/S; ef- 
fect following differential conditioning, this 

apparent greater depression most probably 
reflects the residual effect of S:/S; contrast 
(see Figure 1) in the preshift S+ dis- 
criminandum for LS conditions. Therefore, 
taking into account this residual effect, 
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Ficure 2. Mean difference start (upper) and 
goal (lower panel) postshift speeds as a function of 
days for the reward reduction conditions relative 
to the postshift controls, 


the S,/S; depression effect is not of a 
greater nor lesser magnitude following dif- 
ferential conditioning. This conclusion is 
not consistent with that from the previous 
study most similar to the present in- 
vestigation. Thus, Ison et al. (1969) 
concluded that the S,/S, shift effects were 
in agreement with frustration theory in 
that the postshift performance for a con- 
dition subject to S,/S» contrast was dis- 
rupted less than that of a condition 
receiving ‘nondifferential training in pre- 
shift. A closer examination of the Ison 
et al. data, however, reveals that the Si/Ss 
contrast effects present in the preshift 
period of the present study and in the 
preponderance of previous differential con- 
ditioning literature (McHose, 1970) are 
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not present in the preshift portion of that 
study. If one were to superimpose the 
present S,/S; effects on that postshift data 
and extrapolate the preshift performance 
level of the small reward control in that 
] study, the Ison et al. study would gen- 
erally agree with the present data. These 
data, then, while seemingly contradictory, 
lend credibility to the present study. 

The observation that S,/S; depression 
effects occurred within the LS groups, and 
to an extent approximating the depression 
displayed by LL groups, has major im- 
plications for theoretical accounts of these 
phenomena. For example, it would seem 
that any theory that purports to explain 
Sı/Sı and S/S, contrast effects via the 
same mechanism and further assumes that 
experience with one contrast (e.g., S1/S2) 
will affect the behavior resulting from ex- 
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FiGURE 3. Mean difference start (upper) and 
goal (lower panel) postshift speeds as a function of 
days for the reward increase conditions relative to 
the postshift controls. 
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posure to conditions otherwise su cient) 
to produce the second contrast (S. 5) is 
vitiated by the present data. Fru::-ationj 
theory accounts of both S;/S: (cf. D: sham, 
1968) and S/S» effects (e.g., Bower, 1961) 
are of this variety. Given the 'sent 
failure to demonstrate interdepe: ;encej 
perhaps it would be more fruitful +> view 
these phenomena as resulting f: 

operation of separate and indep ident 
mechanisms. For example, sequent. the 
ory (cf. Capaldi, 1967) emphasizing after 


effects which are both stimulus (egy 
black) and reinforcement (e.g., jarge) 
specific, could account for the esent 
Si/S: effects in terms of genera’ «ation 
decrement. And, a frustration-base« model 
(cf. Black, 1968) could then be ap lied tg 
the S,/S; effects. Similarly, intero ependi 
ence would not appear to be a nv essai 

requirement of a recent descriptive ap 
proach which views both S,/S, (^ cHose, 


1970) and S/S; (Peters & McHos 
depression effects as resulting í 
(inhibitory) incentive difference 
and is noncommittal with respec 
mechanisms. 

Postshift performance: Reward ii 
Figure 3 presents postshift start 
panel) and goal speeds (lower panei) plo 
ted as a function of days for conditions 
shifted to large reward in the preshift S- 
alley. As in Figure 2, to improve read 
ability, the appropriate postshift contro 
speeds were subtracted from the speeds of 
the reward increase conditions. For e 
ample, speeds in the S— (preshift) alley 
for Group LS-LL are expressed relative 10 
the S— speeds of Group LL-LL. Alsof 
speeds for conditions receiving small post 
shift reward in the preshift S+ stimulus 
are plotted separately from those receiving 
large postshift reward in that alley, e.g4 
Groups;LS-LL and LS-SL. As may bé 
seen in Figure 3, no reward increase con 
dition displayed faster speeds than did thé 
appropriate postshift controls, Groups 
LL-LL and LL-SL. Five-factor analyses 
which again included preshift reward com 
ditions, S+ postshift reward, S— post 
shift reward, S+ brightness, and day$ 
(2 and 3) as factors were performed of 
S— (preshift) speeds. These analyses 


EFFECT OF REWARD SHIFT IN DIFFERENTIAL CONDITIONING 


yielded significant Groups X S— post- 
shift reward interactions, Fs (2, 96) = 9.76 
and 4.75, for start (b < .01) and goal 
(5 «1025) respectively. Specific com- 
parisons (t tests) indicated that speeds for 
Groups LS-LL and LS-SL were slower 
than those of Groups SS-LL and SS-SL, 
Further comparisons, Tukey (a), indi- 
cated, however, that a marked increase in 
< S— speeds did occur for the LS-LL and 
LS-SL conditions relative to Group LS-LS. 
In direct comparison to unshifted LL 
conditions, neither LS nor SS Groups dis- 
played “elation” effects, a finding not at 
all surprising in view of the general elu- 
siveness of genuine elation effect in groups 
comparable to the present SS-LL condi- 
tion (cf. Dunham, 1968). A more detailed 

a analysis, however, suggests the influence 
of an S,/S; elation-type effect in the LS 
conditions. While speeds for Groups 
LS-LL and LS-SL were slower than those 
for Groups SS-LL and SS-SL, speeds for 
the former conditions increased markedly. 
Stated differently, while LS-LL speeds in 
the previous small reward stimulus were 
slower than those for Group SS-LL, this 
comparison presumably involves the re- 
“sidual S;/S, effect in the LS conditions, 
depressing S— speeds for LS conditions 
relative to nondiscrimination small reward 
conditions, and this depression is markedly 
attenuated as compared with, e.g., LS vs. 
SS S— contrast effects (see Figure 1). 
Making allowance for the persistence of 
Si/S: contrast effects in LS conditions 
suggests the occurrence of an elation ef- 
"fect in these groups. That is, if early 
postshift speeds are adjusted for the pre- 
shift S— depression effects, the perform- 
ance of Groups LS-LL and LS-SL would 
be elevated relative to Groups LL-LL and 
LL-SL. Viewed in this manner, these 
data are similar to the observation else- 
where that when Ss in traditional SV/S; 
paradigms experience (noncontingent) large 
reward in preshift, there is some evidence 
of elation (Calef, 1972). The present sug- 
restion of elation effects for the LS pre- 
hift conditions but not for the SS preshift 
'onditions, then, would most reasonably 
e due only to experience with large reward 
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in preshift and not due to differential vs, 
nondifferential reward training in preshift, 

Taken together, the findings for both 
reward increases and reductions suggest 
that neither Si/S, elation nor Sj/S, de- 
pression effects are differentiated by dif- 
ferential vs. nondifferential conditioning in 
the preshift period, Sı/Sı reward shift 
effects within a discriminandum are func- 
tionally similar to those obtained following 
nondifferential reward experience, Thus, 
these findings, that previous experience 
with S/S; contrast did not affect the in- 
fluence of subsequent S,/S, manipulations, 
indicate little, if any, interdependence be- 
tween these phenomena and would seem 
to require separate mechanisms for any 
eventual explanation of S/S: and Si/S, 
contrast effects, 
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SUCCESSIVE NONREINFORCEMENTS (N-LENGTH) AND 
RESISTANCE TO EXTINCTION AT SPACED TRIALS ' 


JARED B. JOBE AND ROGER L. MELLGREN °? 
University of Oklahoma 


Two experiments investigated the effects of number of nonreinforced trials 
prior to reinforcement (N-length) at spaced trials. In Experiment I, 120 
acquisition trials were used, and in Experiment II, 24 acquisition trials were 
used, both with an ITI of 30 min. One half of each group ran in a gray runway 


and goal box, and one half in the gray runway with a striped goal box. In the 
gray goal-box condition, after 120 acquisition trials, Ss receiving N-lengths 
of 1, 2, and 3 were more resistant to extinction than Ss receiving only N-lengths 
of 3, but after 24 acquisition trials Group N;-length Ss were more resistant. 
In the striped goal-box condition there were no differences in resistance to 


extinction in either case. 


'The sequential hypothesis of the partial 
reinforcement effect (Capaldi, 1967, 1971) 
Bois based on the notion that the memory 
of nonreward is conditioned to the in- 
 strumental running response on a sub- 
E sequent rewarded trial (SV-R; association). 

- Although it is generally accepted that se- 

- quential mechanisms account for most of 
the extinction results obtained at massed 
trials (e.g, Robbins, 1971), the results 
obtained at spaced trials are somewhat 
inconsistent with this conclusion. Some 
experiments (e.g., Capaldi, 1971; Seybert, 
Mellgren, & Jobe, 1973) have supported 
the notion that the memory of reward and 
nonreward may be functional at intertrial 
intervals (ITIs) of at least 24 hr., but 
others have failed to support the notion 
(e.g., Gonzalez & Bitterman, 1969; Jern- 
- Stedt, 1971). 
For example, Gonzalez and Bitterman 

| (1969) attempted to replicate Capaldi's 
(1964) earlier experiment concerning N- 
length (number of consecutive nonrein- 
- forced trials followed by reinforcement) 
using a long ITI (1 hr.) Capaldi found 
that resistance to extinction at massed 
“trials was produced by a Schedule of 


} 1 These experiments were part of a master's thesis 
-. done by the first author under the direction of the 
second author. 

? Requests for reprints should be sent to Roger 
L. Mellgren, Department of Psychology, Univer- 
sity of Oklahoma, Norman, Oklahoma 73069. 


Reward X Number of Acquisition 
interaction, but Gonzalez and Bi 
found no differences in resistance 
tinction following either abbrevi: 
extended training. Thus their expe; men 
fail to support a sequential ana! sis 0 
spaced-trials data. 

Capaldi (1971) has discussed tne im 
portance of reinstatement of memo: es b 
contextual cues, ie. the relation-'ip. 
memories to retrieval cues. A memo 
stored in the presence of Cues 1, 2, ...: 
will be better reinstated as more of thi 
retrieval Cues 1,2,..., n are present fol 
retrieval on a subsequent trial. Specifi 
cally, the memory of the goal-box even 
on trial » — 1 is hypothesized to be re 
instated at the start of trial » as a functio 
of the similarity between the cues presen? 
in the goal box on trial n — 1 and those 
cues occurring in the start box on trial % 
This theoretical hypothesis has an im- 
portant methodological implication: If E 
goal box differs in brightness or texturé 
(or any other salient dimension) from thé 
start box, then it would be difficult t€ 
demonstrate the operation of sequential 
variables that depend on memory abilities 
This implication is consistent with a num: 
ber of experiments. Studies where th 
runway was all one color have supporte 
a sequential analysis of spaced-trials dati 
(e.g., Capaldi & Lynch, 1968; Capaldi 4 
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Minkoff, 1969; Seybert et al., 1973). 
Studies where the goal box differed in 
brightness from the rest of the apparatus 
eve failed to support sequential theory 
spaced trials (e.g., Gonzalez & Bitter- 
an, 1969; Jernstedt, 1971). In order to 
test the above hypothesis, an apparatus 
with two different goal boxes was used in 
the present spaced-trials experiments, One 
half of the Ss received all trials in a run- 
way with start, run, and goal sections all 
painted flat gray. The other half received 
all trials in the same runway except that 
the goal box was black and white vertical 
stripes. The N-length variable was ma- 
nipulated in both experiments, and Experi- 
ment I employed 120 acquisition trials 
while Experiment II employed 24 acquisi- 
tion trials. The procedure parallels that 
used by Capaldi (1964), and if the above 
analysis is accurate it would be predicted 
that extinction performance should be a 
joint function of N-length and number of 
acquisition trials for those Ss experiencing 
the gray goal box, but no differences should 
be observed for groups experiencing the 
striped goal box. 


EXPERIMENT I 
\Zethod 


Subjects, The Ss were 32 experimentally naive 
male albino rats of the Sprague-Dawley strain, 
purchased from the Holtzman Co. The Ss were 
approximately 90 days old at the beginning of the 
experiment. The Ss were housed 2 per cage and 
were randomly assigned to one of four experimental 
groups (n = 8/group). 

: A poer re apparatus consisted of a wooden 
straight-alley runway, divided into three sections 
(start, run, and goal). The start box and run 
section of the alley were painted flat gray and 
‘re 30.4 em. and 114.3 cm. long, respectively. 
lwo goal boxes were used in the experiment; one 
was painted flat gray and the other black and 
white vertical stripes 1.9 cm. wide. Both goal 
boxes were 38.1 cm. long. All sections of the 
runway were 15.2 cm. wide X 17.7 cm. high and 
were covered with a hinged hardware cloth top. 
A teaspoon mounted at the end of each goal box 
served as the food cup. Two manually operated 
guillotine doors divided the runway into sections 
and were lowered behind S to prevent retracing. 
When the first door was raised, it activated a 
microswitch starting a .01-sec. Standard Electric 
timer which was stopped when S broke a photo- 
beam located 7.6 cm. inside the goal box. Total 
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times were converted to reciprocals and the results 
are reported in feet/second. Throughout acquisi- 
tion and extinction, if S failed to traverse the 
runway in 30 sec., S was placed in the goal box 
and given a time of 30 sec. on that trial, 

Procedure. One week prior to the beginning of 
the experiment Ss were placed on a 12-gm, Purina 
Lab Chow deprivation schedule with water con- 
tinuously available. One day before the start of 
pretraining Ss were marked and were given a small 
handful of 45-mg. Noyes pellets in the home cage, 
On the day prior to the beginning of the experi- 
ment Ss were given two goal-box placements in 
the baited goal box and were again given a small 
handful of Noyes pellets in the home cage. Rein- 
forcement consisted of six 45-mg. Noyes pellets 
and nonreinforcement consisted of a 20-sec. con- 
finement in the unbaited goal box. 

The experiment was a 2(N-Length) X 2(Goal 
Box) factorial design. The N-length factor in- 
volved the manipulation of an N-length of 3 (3 con- 
secutive nonreinforced trials followed by a rein- 
forced trial) vs. a multiple N-length (either 1, 27 
or 3 consecutive nonreinforced trials followed by. 
a reinforced trial; i.e., Ss in this condition received 
all three N-lengths an equal number of times 
during the experiment). The goal-box factor in- 
volved the manipulation of the similarity of the 
goal box to the rest of the runway. Since the 
runway was gray, one condition involved using a 
gray goal box and the other condition involved 
a striped goal box, One group received an ? -length 
of 3 with the gray goal box connected (Group 
3NG). The second group received multiple N- l 
lengths of 1, 2, and 3 with the gray goal box } 
(Group MNG). The third group received an 
N-length of 3 with the striped goal box (Group 
3NS), and the fourth group received N-lengths of 
1, 2, and 3 with the striped goal box (Group MNS). 

The Ss were transported to the experimental z 
room in a wooden carrying cage divided into eight 7 
sections (four squads of eight each). The first P 
two squads of eight alternately consisted of 3NG 
and MNG Ss, and the last two squads alternately 
consisted of 3NS and MNS $s. Following each 
trial Ss were returned to the home cages (this 
established an ITI of not less than 30 min.). The 
Ss were fed their daily ration of 12 gm. at the end 
of the trials on that day, 

Acquisition training consisted of 6 trials per day 
for 20 days for a total of 120 trials. Groups 3NG 
and 3NS received the following sequence of trials: 
RNNNRR on odd days (Days 1, 3, 5, etc.) and 
RRNNNR on even days (Days 2, 4, 6, ete.) 
repeated 10 times. Groups MNG and MNS 
received a sequence of RRNNNR on Day 1, 
NRNNRR on Day 2, RNNNRR on Day 3, and 
NNRNRR on Day 4, this sequence being repeated 
5 times for the total of 120 trials. The intertrial 
interval throughout acquisition and extinction was 
at least 30 min, 

At the end of acquisition training, 48 trials of 
extinction were given, 6 per day for eight days. 
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Throughout extinction Ss were confined to the 
unbaited goal box for 20 sec. 


Results 


Acquisition. A 2(Goal Box) X 2(N- 
length) analysis of variance was performed 
on the last day of acquisition (Day 20), 
and the results indicated that the goal-box 
main effect was significant, F (1, 28) 
= 14.46, p < .001, but that neither the 
N-length main effect nor the Goal Box 
X N-Length interaction was significant 
(both Fs < 1). Mean speeds on the last 
day of acquisition are shown as point “A” 
in Figure 1 and clearly show that Ss ex- 

_ periencing the gray goal box were running 
= faster than Ss experiencing the striped 
goal box. 

Extinction. A 2(Goal Box) X 2(N- 
Length) X 8(Days) analysis revealed a sig- 
nificant main effect for goal-box, F (1, 28) 
= 11.37, p < .003, and for days, F (7, 196) 
= 5420, p < .001. The N-length main 
effect as well as the interactions failed to 
reach significance (all Fs « 1) However, 
the failure of the N-length main effect and 
the interactions to achieve significance may 
. be due in great part to the similarity of 
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the groups in the striped goal-box condi- 
tion (3NS and MNS). 

A major reason for performing tie anal: 
ysis of variance was to obtain ti- error 
term for planned comparisons. com. 
parison between the groups in gray 
goal-box condition (3NG and M ) in 
dicated as predicted that after 120 uisi- 
tion trials Group MNG was sup- or im 
resistance to extinction to Grou; Ng 
F (1, 28) = 5.08, p < .04. Thecom) rison 

l-bo; 


between the groups in the striped : 


condition indicated as predicte: thal 
Groups 3NS and MNS did no: differ 
significantly in terms of resistance «o ex 
tinction (F « 1). 

In order to examine the relat ^ dif 
ferences in resistance to extinction | twee 
the groups without contamination iue to 
differences at the end of acquisiti a, th 
extinction data were transformed b: mean 
of Anderson's (1963) rate measu An 
analysis performed on the tran. orm 
scores further confirmed the findi zs ob 


tained with the speed scores. 


Discussion 


The results of Experiment I dem 
that after 120 acquisition trials a group thal 
received an N-length of 1, 2, and 3 was more 
resistant to extinction than a group that 
received an N-length of 3 in an alley with 
gray start, run, and goal sections. The sam 
results, however, did not occur when the goal 
box was black and white striped, there being: 
no differential resistance to extinction in this 
condition. In addition, the groups in the gray 
goal-box condition (3NG and MNG) were 
more resistant to extinction than the groups 
in the striped goal-box condition (3NS and 
MNS). 


reinstated so that the operation of sequential 
effects was observed. For groups running if 
the alley with the striped goal box, the 
memory of preceding nonreward events was 
not adequately reinstated for the operation 
of sequential effects, hence Groups 3NS and 
MNS did not differ in terms of resistance t0 
extinction. Furthermore, these groups should 
be less resistant to extinction than Groups 
3NG and MNG, as was found. The inferior 


resistance of Groups 3NS and MNS to ex- 
tinction can be attributed to the fact that 
at this particular ITI the reinstatement of 
goal-box events is so inadequate that .Ss may 
* unable to remember anything except the 
:mmediately preceding trial. Therefore, any 
N-length effects will be minimal. Experi- 
ment II tested this notion for limited (24 
trials) acquisition. 


EXPERIMENT Il 


Method 
Subjects. The Ss were 32 experimentally naive 
male albino rats of the Sprague-Dawley strain, 


Approximately 120 days old at the beginning of 
the experiment, Ss were purchased from the Holtz- 
man Co. at the same time as Ss in Experiment I. 
The Ss were housed 2 per cage and were randomly 


assigned to one of four experimental groups 
( = 8/group). 
Apparatus. The apparatus was the same as 


described in Experiment I, 

Procedure. The procedure was identical to that 
ollowed in Experiment I except that only 24 ac- 
juisition and 24 extinction trials were given, 
Groups 3NG and 3NS received the sequence 
‘NNNRR, RRNNNR, ORNNNRR, and 
<RNNNR; Groups MNG and MNS received the 
‘quence RRNNNR, NRNNRR, RNNNRR, and 

NRNRR, for a total of 24 trials for all four 
es 

Kesults 

Acquisition. A 2(Goal Box) X 2(N- 

'ength) analysis of variance performed on 

the last day of acquisition indicated that 

the goal-box main effect was not signifi- 
cant, F (1, 28) = 2.60, p = .12, as well as 
the N-length main effect and the Goal Box 

X N-Length interaction (both Fs < 1). 

t Extinction. A 2(Goal Box) X 2(N- 
Length) X 4(Days) analysis revealed a sig- 
nificant main effect of goal-box, F (1, 28) 
= 4.51, p <.05, and a significant main 
effect of days, F (3, 84) = 99.92, p < .001. 
The Goal Box X Days interaction failed 
to reach significance, F (3, 84) = 1.26, 
b > .29, as well as the N-length main 
effect, the Goal Box X N-Length inter- 
action, the N-length X Days interaction, 
and the Goal Box X N-Length x Days in- 
teraction (all Fs < 1). See Figure 2. 

As in Experiment I, the failure of the 
N-length main effect and the interactions 
o reach significance is also theorized to 
e due in great part to the similarity of 
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FIGURE 2. Mean running speeds for the last 
day of acquisition (A) and four days of extinction 
in six trials blocks. 


the groups in the Striped goal-box condi- 
tion (3NS and MNS), and the primary 
reason for the analysis was to obtain the 
error term for use in comparing groups, 
The error term in the analysis was used 
in performing planned comparisons be- 
tween groups in the two goal-box condi- 
tions. A comparison of the groups in the 
gray goal-box condition indicated as pre- 
dicted that Group 3NG was more resistant 
to extinction than Group MNG, F (1, 28) 
= 6.84, p < .03, while the groups in the 
striped goal-box condition (3NS and MNS) 
did not differ significantly, F (1, 28) < 1. 


Discussion 


Experiment II demonstrates that after 24 
acquisition trials a group receiving an N- 
length of 3 is more resistant to extinction 
than a group receiving multiple N-lengths of 1, 
2, and 3 for rats run ina completely gray alley. 
However, for rats run in the gray alley with 
the striped goal box there were no differences 
in resistance to extinction between groups, 
and both groups were less resistant to ex- 
tinction than the groups run in the com- - 
pletely gray alley. These results are similar 
to Experiment I in showing that the use of 
a goal box that is different from the rest of 
the apparatus may prevent the observation 
of sequential effects at spaced trials, but when 
the goal box and the rest of the apparatus 
are similar such effects are observed. 


TOM PN 
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GENERAL DISCUSSION 


As predicted, rats run in the completely 
gray runway showed similar resistance to ex- 
tinction to that demonstrated by Capaldi 
(1964); i.e., after 24 acquisition trials Group 
3NG was more resistant to extinction than 
Group MNG, while after 120 acquisition 
trials Group MNG was more resistant than 
Group 3NG. After 24 acquisition trials, the 
generalization of habit strength for Group 
MNG was small because the instrumental 
running response was conditioned to each 
N-length only twice, while for Groups 3NG 
the conditioning occured four times. After 
120 acquisition trials, Group MNG was more 
resistant to extinction than Group 3NG since 
all directly conditioned values of SN should 
be at asymptote in amount of habit strength. 
For Group MNG the higher order N-lengths 
experienced in extinction have three (S1, SN2, 
and SN3) generalized sources of habit strength, 
whereas Group 3NG has generalized habit 
strength available only from SN3, 

. For rats run in the alley with the black 
. and white striped goal box, Groups 3NS and 
. MNS did not show differential resistance to 
extinction after either 24 or 120 acquisition 
— trials, similar to the results of Gonzalez and 

Bitterman (1969). Gonzalez and Bitterman 
concluded that Capaldi's results depend on 
sensory carry-over and should not be replicated 
in spaced trials, offering a negative-contrast 
explanation for their results. However, the 
- present experiments support the hypothesis 
_ that these "sensory carry-overs" are memories 
and do indeed operate at spaced trials. Thus, 
_ the results of Gonzalez and Bitterman would 
seem to be attributable to the lack of rein- 
statement of the memory of previous trials 
due to differences between the goal and start 
sections. Capaldi (1971) has hypothesized 
that the memories of SN and SÈ are not 
active between trials, but are reinstated by 
. the experimental situation. The degree of 
. reinstatement should depend in great part 
"upon the similarities between the goal box 
and the start box. 

_ The terminal acquisition differences in Ex- 
_ periment I caused by the goal-box main effect 
"are predicted by Spence (1956). The dif- 
ferences in Experiment II after 24 acquisition 
trials were not significant, but this finding is 
consistent with other studies which have 
shown a trend in that direction after limited 
acquisition (e.g, Hughes, Davis, & Grice, 
1960). Apparently extensive acquisition is 
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necessary before differences between :-oups 
experiencing different goal-box-start-bo: stim- 
uli are evident. 

The results of this investigation, along with 
other recent data (Capaldi & Lynch, :968; 
Seybert et al., 1973), lend great evide: «© to 
the operation of sequential effects at iced 
trials. In addition, the results of : in- 
vestigation would seem to place in ‘\oubt 
other data that until now seemed to s« sport 
other theories (e.g, Gonzalez & Bitt- man, 


1969; Jernstedt, 1971), since these 
would appear to be related at least 
by the type of runway used. At the | 
time, no other theory (e.g., frustration 
Amsel, 1958, 1962) seems adequate 
count for the differential results of the 
experiments. 

The present data and explanation 
not be interpreted to mean that no r 
ment of memories of reward-nonrewa: 
is possible using different goal-box-all. 
uli at spaced trials. Indeed, using the vi thin-5 
procedure, Mellgren and Seybert (197 ) have 
shown that resistance to extinction is r ulated 
by the locus of transition from nonr 
ment to reinforcement (N-R transition) 
importance of this finding is that in the 
within-S procedure two different all: | 
used and N-R transitions between ti: se two 
alleys were shown to control resistance tag 
extinction. Apparently, experiencin: " | 
reinforcement in one alley and 24 later | 
being placed in a different alley does reinstate” 
the memory of nonreinforcement. 


At this | 
point it would be tempting to invoke some 
explanation other than memory effects, but) 
the present data argue too strongly to the 

contrary. The apparent paradox between tl 
present results and those of Mellgren and. 
Seybert may be resolved by noting that inp 
the latter study only the occurrence or nomi! 
occurrence of N-R transitions was maniply 
lated. In the present experiments N-length: 

was the variable of interest. The operatio? 

of N-length requires that S$ be able to ret 

member events that have occurred as distant 

as three trials ago (or have the memory of 

those events reinstated). Clearly, remember 

ing what was the last thing that happene 

is easier than remembering the last two Ofk 
three things that happened. In the present 

experiments the manipulation of N-length, 

it is to have an effect on resistance to € 

tinction, depends on functional memories % 

events two or three trials removed from thé 

present. By providing cues in the start ud 


; 
} 
i) 
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that accompany nonreinforcement in the goal 
box, the memories for past events could be 
more accurately reinstated (i.e., groups ex- 
periencing the homogeneous gray runway). 
To put it simply, the similarity of stimuli in 
the start box and goal box affects the ac- 
curacy of the reinstatement of past goal-box 
events, but not necessarily the existence of 
some memory of preceding events. 
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COMPARISON OF TWO METHODS FOR PRODUCING RESPON: 
INHIBITION IN ELECTRODERMAL CONDITIONING ' 


WILLIAM W. GRINGS? CHERYL A. CAREY, AND ANNE M. SCHELL * 
University of Southern California 


A within-Ss comparison was made of two related procedures for negatively 
correlating a signal, or conditioned stimulus (CS), with a shock unconditioned 
stimulus (UCS) in differential conditioning of electrodermal responses (E DRs). 
One operation presented a nonreinforced stimulus (CS—) during reinforced 
trials for a second stimulus (CS+). The other reinforced a stimulus (CS+) 
whenever it occurred alone, but never reinforced a compound composed of 
that stimulus and a second (inhibitory) stimulus (CSA). The conclusion that 
the CS— and CSA developed inhibitory properties was based on three classes of 
results: (a) during acquisition, there was clear differential responding to 


_ There has been little systematic study of 
conditioned inhibition of autonomic re- 
“sponses of human Ss, although the opera- 
ions for producing phenomena interpreted 
as learned inhibition are numerous. One 
"phenomenon is based on the retardation of 
acquisition which follows unreinforced pre- 
sentations of a conditioned stimulus (CS), 

typically termed latent inhibition (e.g., 
Lubow, 1973). Another involves change 

responses occurring during an interval of 
delay, as in inhibition of delay (eg., 
Kimmel, 1965), which is similar to change 
lescribed as inhibition of reinforcement 
and postpeak decrement (e.g., Silver & 
Kimmel, 1969). 

In a discussion of Pavlovian opera- 
ions for producing conditioned inhibition, 
escorla (1969) emphasized operations 
that correlated stimuli negatively with the 
‘unconditioned stimulus (UCS), such as 
‘occurs with the CS— in discrimination 
nditioning, and related procedures, Res- 
corla (1967) also emphasized the possibility 
of achieving a zero reference point on an 
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stimuli positively and negatively associated with the UCS; (b) on transfer 
trials, smaller responses were given to compounds of excitatory and inhibitory 
stimuli than to the excitatory stimuli alone; and (c) subjective judgments of 
expectation of shock paralleled the EDRs. 


excitation-inhibition scale by use of hat 
he called a "truly random" contro! pro- 
cedure. To date, a few studies ave 
attempted to apply the truly random © era- 
tions to electrodermal conditioning, vith 
some differences of interpretation — ^g 
Furedy, 1971; Prokasy, Williams, Kun fer, 
Lee, & Jensen, 1973). 

The present experiment makes a wi: hin- 


Ss comparison of two related opera‘ ions 
for negatively correlating a signal, o: CS, 
with the UCS, a shock, in electrodermal 
conditioning. The operations are (u) the 


conventional discrimination conditioning 
operation where CS— is assumed to be- 
come inhibitory, and (6) a Pavlovian con- 


ditioned inhibition operation in which a 
stimulus component is assumed to become 
inhibitory when it is included in a nonre- 
inforced compound composed of itself and 
another component. This other component 
is reinforced when presented alone, but is 
not reinforced when presented with the 
second (inhibitory) stimulus.  Inferences 
about the inhibitory nature of the stimulus 
properties are made from acquisition per- 
formance differences and compound stimu- 
lus summation test trials (e.g., Grings, 
1972). 
METHOD 


Subjects. The Ss were 24 undergraduate and 
graduate summer students from the University ol 
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Southern California who were paid $2 for participa- 
tion in the experiment. They were randomly as- 
signed to one of two groups for whom the CS--'s 
were either colors or Shapes, with the restriction 

tat the proportion between the sexes in the two 
groups be the same, Primary comparisons are 
within-Ss, 

Apparatus and materials, There were six CSs 
produced by combinations of two dimensions: color 
(red, green, blue, or yellow) and shape (triangle, 
horizontal or vertical dots, or horizontal lines) in 
lights projected by a Grason-Stadler multistimulus 
projector (Model E4580-3) to a window of a black 
box resting on a table 1 meter in front of S’s chair, 
The UCS was a de shock from a Grass Model 5 
stimulator administered to the volar surface of the 
right arm through a 3.5-cm. circular Tursky-type 
electrode, The CS duration of 5 sec. and the UCS 
duration of .5 sec. were controlled by Hunter timers, 
The intertrial intervals, randomly varied among 15, 
20, and 25 sec., were controlled by a Gerbrands 
programmer. The programmer also controlled UCS 
occurrence on the 75% of the CS+ trials that were 
reinforced. 

The electrodermal response (EDR), recorded on 
a Beckman Type R dynograph, was obtained as a 
dc resistance change through 1.27 X 1.59 cm. silver 
electrodes coated with electrode jelly and taped to 
the first and third fingers of S's left hand. The 
input circuit was a modified (Darrow) Wheatstone 
Bridge with current of 45 ua. 

The Ss indicated their estimates of the proba- 
bility of shock on each presentation of a CS by 
setting the dial of a potentiometer from certain of 
shock to certain of no shock settings. These judg- 
ments, as well as the EDR and stimulus onsets and 
offsets, were recorded on the polygraph. 

Procedure. During the adaptation phase of the 
experiment, Ss received two presentations each of 
six CSs (CS+i, CS+:, CSA, CS-, CSN;, and 
CSN;, where N = novel). The order in which the 
stimuli were presented was counterbalanced across 
Ss so that each stimulus appeared once in each 
ordinal position and preceded each other stimulus 
once in each block of six trials, Two such blocks 
were presented. For one group of Ss, the CS--'s 
were colors and the CS— and CSA were shapes; 
for the other group, the CS+'s were shapes and 
the CS— and CSA were colors. For both groups, 
one CSN was a color and one was a shape. 

All Ss received the same acquisition series of 48 
trials. Four CSs were presented (CS+1, CS+2, 
CS,CSA, CS—). The latter two stimuli were un- 
reinforced. The order of the stimuli was random 
in permutations of four with the restrictions that 
no CS be presented twice in succession and that no 
more than 3 reinforced or unreinforced trials occur 
in succession. 

During the compound testing or transfer phase 
of the experiment, two blocks of six stimuli were 
presented to Ss in the same order as in the adapta- 
tion phase, counterbalancing for order (across Ss). 
The stimuli presented were CS+1, CS+2, CSiCSN;, 
CS:CSN,, CS;CSA, and CS,CS—. All trials were 
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unreinforced, and responses were measured on each 
trial as in adaptation, 

Before beginning the acquisition series of trials, 
each S was informed that he would be seeing a 
series of colored lights, some with shapes in them, 
and that his task was “to judge the likelihood that 
a light would be followed by a shock.” He was 
instructed to make his judgments as soon as possible 
after the light came on and then to set the dial to 
the middle or 50-50 chance position a few seconds 
after CS offset. The Ss were asked to turn the dial 
away from this center position, even if only slightly, 
on each trial. This was done to assure E that S$ 
had not forgotten to set the dial and to encourage 
guessing on early trials, 

After these instructions were given and the EDR. 
was explained, a shock work-up. procedure was 
carried out to determine the intensity of the UCS . 
for each S. The Ss were asked to indicate when 
the. shock became “strongly annoying, but not 
painful.” After the UCS level was set, the adapta- 
tion trial series was presented. Before the acquisi- - 
tion series, all Ss were interrupted and informed 
that they were not supposed to have received any 
shocks, but that their responses to the lights alone 
had been recorded. They were then told that “from 
now on, some of the lights will be followed by shock 
on most of the trials, and some of the lights will 
never be followed by a shock,” The Ss were not 
told which particular lights would be reinforced and - 
which would not, The acquisition phase of the . 
experiment was then begun, There was no further 
interruption between acquisition and compound 
testing, 


RESULTS 


Two electrodermal response magnitudes 
were determined on adaptation and acqui- 
sition trials, the total anticipatory response 
(TAR) or maximum resistance change 
beginning between 1 and 5.9 sec. after CS 
onset and the UCS omission response begin- 
ning between 6 and 9 sec. after CS onset on. 
unreinforced trials Total anticipatory 
responses were available on all trials, 
However, the UCS omission responses were - 
available only on the 25% of the CS+ 
trials which were without shock. In order 
to keep the number of responses equal for 
primary comparisons across stimuli, values 
for CS— were measured only on Trial 
Blocks 3, 8, and 11 (i.e., blocks in which 


* Analyses were also performed on short and long 
latency responses within the delay interval, typi- 
cally labeled as ORs and ARs. The relatively short — 
interstimulus interval precluded adequate differ- 
entiation between the two responses, resulting in 
the final analyses in terms of total anticipatory 
responding. 


to extend the present study to evaluate those 
possibilities is currently under way. 
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COGNITIVE AND SENSORY LATERAL MASKING OF 
TACHISTOSCOPIC PATTERNS + 


E. RAE HARCUM ? ann MARY RUTH SHAW 
College of William and Mary 


This study investigates detrimental perceptual effects of adding extraneous 


stimuli to a tachistoscopic pattern. 


In two experiments, a general inhibitory 


effect on reproduction accuracy was found, along with a local effect on elements 
spatially close to the extraneous stimuli, This lateral masking was reduced by 
addition of stimuli that aided in differentiation of target from extrinsic stimuli, 
Simple reference lines were more effective in this than black rectangles that 
covered a larger retinal area. Therefore, cognitive masking due to confusion 
of relevant and extraneous stimuli was more effective than sensory masking 


by a larger stimulus. 


The former was attributed to interference in reading 


out iconic information, and the latter to degradation of the icon. 


Visual sensitivity is not always the de- 
termining variable in the reproduction of 
tachistoscopic patterns (e.g., Harcum, 1957, 
1970). When SS has to report all of the 
elements, the characteristic error distribu- 
ton is a bowed serial position curve, with 
oe errors about fixation and fewer errors 
at ihe left (Harcum, 1967). The superi- 
ority for end elements has been described 
as an end segregation effect, because these 
positions are unique and perceptually dif- 
ferentiated (Harcum, 1957), The left su- 
periority purportedly represents a primacy 
effect in visual scanning of the array from 
left to right (Harcum, 1957, 1964b). We 
speculate that the end segregation phe- 
nomenon is related primarily to a sensory 
lateral masking effect, and the left-right 
asymmetry to a cognitive processing-inter- 
ference effect. The former is local, affecting 
primarily adjacent items, whereas the 

* is more general, adding to overall 

iiffieulty. 

vite (1973) argues that the relative 
con'zibutions of “attentional” and “sen- 


1 This investigation was supported in part by a 
Public Health Service research grant (HD-00207-13) 
from the Institute of Child Welfare and Human 
Development, U. S. Public Health Service. The 
authors wish to thank Stephen Nice for assistance 
with the early phases of this research. 

2 Requests for reprints should be sent to E. Rae 
Harcum, College of William and Mary, Williams- 
burg, Virginia 23185. 


sory” components in tachistoscopic pattern 
perception depend upon the level of stimu- 
lus adequacy allowed by the experimental 
conditions. Conditions of “extreme stimu- 
lus poverty" decrease the probability of 
attentional scanning and thus asymmetry 
of the curve. Therefore, when the exposure 
duration is sufficiently short, a W-shaped 
element position function, more nearly sym- 
metrical and with a dip in errors about 
fixation, can be obtained even with com- 
plete report of the pattern (Haber & 
Standing, 1969; White, 1971). 

Previous research on tachistoscopic pat- 
tern perception has implicated both cogni- 
tive and sensory mechanisms. Examples 
of proposed sensory masking mechanisms 
are "spatial masking" (Woodworth, 1938) 


or "lateral inhibition" (Ratliff, 1961), in 4 


which the borders of nearby elements 


mutually inhibit one another. Woodworth — 


and Schlosberg (1954) suggest that con- 
trast reduction" of the elements occurs. 
because of adjacent stimuli. 


parenthesis on each end of an eight-letter 
tachistoscopic display reduced accuracy of 
reporting the end letters. They concluded 
that the irrelevant stimulation. reduced 
perceptual accuracy for the end elements 
by reducing their '"'metacontrast"—pre- 
sumably a sensory mechanism. The au- 
thors failed to find evidence for encoding 
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Haber and |. 
Standing (1969) found that addition of a — 


1 


ur n Mr: 
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or mnemonic effects, probably because 
their short exposure intervals and partial 
report procedures did not promote such 
effects (White, 1973). Since some end 
segregation effect did remain, the parenthe- 
sis was undoubtedly not as effective a 
mask as a letter—since the parenthesis 
was relatively easy to discriminate from a 
target letter, it did not add substantially 
to the processing load. Indeed, the effect 
of the parenthesis was only local, confined 
to the end letters. 

Other designs have revealed cognitive 
masking, in which the total information 
load affects reproduction accuracy for in- 
dividual elements. For example, when Ss 

- are instructed to reproduce only part of 
pattern, the report of individual elements is 
more accurate than when Ss must give full 
reports (Sperling, 1960). Harcum (1964) 
added a single, similar element on each end 
F of a linear tachistoscopic pattern, and 
found an increase in errors for all of the 
| original elements, along with an end segre- 
| gation effect for the added element. Later, 
~ Harcum (1964a) showed that the number 
of perceptual errors for an element within 
a tachistoscopic pattern was dependent 
upon the total number of elements and 
also the position of that element in the 
_ pattern. These conclusions were supported 
: by Townsend, Taylor, and Brown (1971), 
— Taylor and Brown (1972), and Monti 
t (1972). 
$ It is well known that Ss will cognitively 
-- process irrelevant information, producing 


] general confusion or interference in the 


5 processing of the target elements (e.g., 
-. Mewhort, 1967; Stroop, 1935). Krueger 

(1970) found that simple vertical lines 
_ bracketing single letters inhibited discrimi- 
- nation most when they were the same 
- height as the letters. Apparently, extrane- 
ous stimuli of the same height were the 
— most difficult to discriminate from the 
-— target letters, and thus added more to the 
.. amount of the material to be processed. 
Paradoxically, the additional stimulation 
from longer masking lines produced a net 
gain by aiding cognitive discrimination be- 
tween target and mask. 


E. RAE HARCUM AND MARY RUTH SHAW 


Studies by Shaw (1969), Townsend et al, 
(1971), and Estes and Wolford (1971) all 
investigated the effects on letter identifica: 
tion of inserting blank spaces or clearl 
discriminable extraneous stimuli within a 
string of letters. Generally, the letters nex 
to the spaces revealed a relief from masks 
ing, especially the letters which would be 
presumed to precede the blank in a sequens 
tial scanning of the letter strings. The 
directional asymmetry of these resu!: 
ports a processing interference inter; 
tion of the masking effect. 

The purpose of Experiment I 
demonstrate a lateral visual maski: 
Eight-element binary patterns v 
bedded between irrelevant stimul: 
right and left. Since the extra: 
ments were similar to the targe 
and thus easily confused with th. 
eral inhibitory effect was predicte 
with a decrease in the end segr 
effect. 

Experiment II was designed to « 
whether or not the masking effect v as du 
merely to the additional sensory : imulé 
tion. If it was due to cognitive actd 
also, such as processing overload, ‘hem 
manipulation that decreased such co. mith 
interference should decrease the effect. 
hypothesized that Ss perceive and recor 
the patterns best when the figure grou 
contrast for the relevant pattern is gre 
A grossly dissimilar irrelevant stimulu 
should not add cognitive interference, in 
spite of strong sensory masking. For eX 
ample, Heron (1957) showed that a blach 
bar did not affect the serial processing of 2 
tachistoscopic array of letters. Therefore 
when the target is embedded among in 
relevant similar stimuli, performance shoul 
be worst, and the end segregation effec! 
should be least pronounced. 1 


METHOD 


Subjects. Men and women students with norms 
vision were paid Ss. There were 16 in Experimem 
land 24 in Experiment Il. A 

Apparatus. In a Polymetric two-channel tachif 
toscope, the preexposure field contained a black 
fixation cross at its center. The target field com 
tained eight-element binary patterns, consisting € 
horizontal rows of opened and closed circles, PE 
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UNMASKED. eoeooeeo 
EMBEDDED oooeoeooeeoooo 
INSULATED oooleoeooeeoc|ooo 
MASKED EN e0e00ee 0 mum 
Ficure 1, Illustration of the experimental 


conditions in Experiments I and II. 


sented for 150 msec. The fixation cross registered 
with the center of the pattern. Luminances of both 
target and fixation fields were 74 ftL.; distance to 
each field was about 46 cm. ; and target circles were 
4 mm. in diameter, spaced 3.4 mm. apart. Four of 
the circles in each target were blackened to form 20 
asymmetrical stimulus patterns. Since the mirror 
images of these patterns were presented also, a total 
of 40 unique targets were presented under each 
experimental condition, Each circle position was 
open and filled an equal number of times, There 
was a maximum of two open or closed circles at 
either end of a target, and no target contained more 
than three open or closed circles in a row. 

The experimental conditions are illustrated in 
Figure 1. In Experiment 1, the control condition 
employed the approximately 5.4-cm.-long eight- 
circle target alone. The embedded condition of both 
Experiments I and I] employed the identical targets 
embedded between two groups of three irrelevant 
unfilled circles on each end, with nothing to delineate 
the ends of the relevant pattern. Total length was 
about 9.9 cm., or 12.3? of visual angle. 

For the control (insulated) condition of Experi- 
ment II, a 1.4-cm. vertical line was placed midway 
between the three irrelevant circles and the end 
target element, thus perceptually differentiating the 
irrelevant stimuli, but maintaining the same overall 
length of the array. In the third (masked) condi- 
tion in Experiment I1, the three irrelevant elements 
were blacked out by a rectangle 20 mm. long and 
4 mm. high, which completely covered them. The 
edge of the rectangle was 2.0 mm. from the outer 
edge of the most eccentric target circle. 

Procedure. The instructions explained that the 
experiment studied visual perception, and that Æ 
was interested in how difficult it would be to dis- 
regard the irrelevant elements. The § was cau- 
tioned to keep his eyes continuously on the fixation 
cross during each trial. He was told when each 
block of trials with one condition had ended, and 
what the new condition would represent. He was 
told to disregard the three irrelevant circles and 
that, on each trial, half of the eight circles in the 
target would be filled. When 5 indicated that he 
was fixated and ready, E said, "Ready," and pressed 
the exposure switch. After each exposure, S indi- 
cated which circles had been filled in the target 
pattern, using response sheets containing recording 
templates which corresponded to the condition being 
presented, 

In Experiment I, the two experimental conditions 
were presented in ABBA and BAAB sequences for 
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8 Sseach. In Experiment II, 4 of the 24 Ss received 
each of the six possible sequences of three conditions, 
Each S received 20 observations under each condi- 
tion; then the stimulus patterns were reversed and 
the conditions presented in reverse sequence. 


RESULTS 


Experiment I. The errors per element 
position under each condition of Experi- 
ment I are shown in Figure 2. The effect 
of conditions is significant, F (1, 14) = 
66.06, p < .001, with obviously more errors 
under the embedded condition, as pre- 
dicted. Element position also shows the 
usual significant result, F (7, 98) = 17.73, 
p «.001. The Condition X Element Posi- 
tion interaction was significant, F (7, 98) 
= 2.58, p < .05, reflecting a decreased end 
segregation effect for the embedded targets. 
Thus, these results clearly document the 
presence of both local and general inhibi- 
tory effects of flanking extraneous stimuli. 

Although presentation sequence was not 
significant, F (1, 14) = .064, it did interact 
significantly with condition and element 
position. Differences in S populations are 
probably responsible for this effect. 

Experiment II, There were significant 
differences among total errors under the 
three conditions, F (2, 36) = 16.23, p < 
.001. As illustrated in Figure 3, Ss per- 
formed best under the insulated (control) 
condition and worst under the embedded 
condition, although they reported feeling 
that they had performed best under the 
masked condition. Pairs of conditions 
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Ficure 2, Percent error at each element position 
under the two conditions in Experiment I. 
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Ficure 3. Percent error at each element position 
under the three conditions in Experiment I1. 


tested by the Duncan multiple-range test 
were all significantly different: insulated 
vs. embedded, p < .005; insulated vs. 
masked, p < .05; and masked vs. embed- 
ded, p < .05. The differences between the 
insulated condition and the other two con- 
. ditions document the effectiveness of both 
sensory and cognitive masking procedures. 
'The superiority of masked to embedded 
condition indicates that cognitive masking 
is more potent than sensory masking. 

Element position was also significant, F 
(7, 126) = 2245, p < .001. There was 
substantial end segregation under insulated 
and masked conditions, with the embedded 
condition resulting in a flatter curve. 

Another analysis of variance showed 
significant lateral differences, F (1, 18) — 
49.68, p < .001. The Ss’ responses were 
78% left to right, 8.5% right to left, and 
13.5% in inconsistent order. Therefore, Ss 
apparently used a left-to-right strategy for 
processing the patterns; this was supported 
by their self-reports. 

Condition sequence was a significant 
effect, F (5, 18) = 4.16, p < .05. Per- 
formance was worst under the insulated— 
embedded-masked ordering of presentation 
and best under the embedded-masked- 
j insulated sequence. Again presentation se- 
~ quence interacted significantly with condi- 
tions, in (10, 36) = 2.50, p < .05, probably 
reflecting differences among S populations 
within subgroups. This could also reflect 
differential difficulty in transferring strate- 
gies from one condition to another. 
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Discussion 


The results of Experiment 11 implicate | o 


cognitive and sensory mechanisms of mask ng 
In the embedded condition, the saliency of ¢ 
ends was disrupted by cognitive masking, «`t 
the three elements on each end did no 
as much sensory input as either insula 
masked conditions, yet the overall perfo 
was significantly degraded. The S evi 
processed the irrelevant information 
added to the information load. In the 
condition, even with all the added 
input, Ss performed better than in 
bedded condition. Sensory masking ^ 
tempered by an organizational 

that used the end segregation provi’ 
black rectangles on the ends. 

Since the reference lines in the 
condition differentiated between end ments 
and irrelevant elements, Ss did not nave t$ 
process the irrelevant stimulation. V. 5i 
ing inhibitory sensory input, the 
lines reduced cognitive masking y 
saliency to the end elements. The 
conditions of this experiment that 
organization of the available inform 
hanced performance; conversely, c ditio 
that degraded end segregation hurt rform 
ance. These results contrast sharp y witli 
those of Haber and Standing (1969 which 
revealed only a local masking effec ^ 
difference is due to differences in p:cedurf 
which in the present study were more col 
ducive to organizational effects. 

Since cognitive and sensory lateral m 
reflect different variables, presumably 
are taking place at different levels of inform 
tion processing. Consistent with results 9 
temporal masking (Kahneman, 1968), it seem 
reasonable to conclude that the sensory mas 
ing depends upon the integrity of the icol 
whereas cognitive masking is caused by t 
overload of information. Results of Taylof 
and Brown (1972) suggest, however, that thi 
interpretation may be too simple. They ob 
tained the same lateral masking results f 
dicoptic exposure of nine-element patterns 
entailing presentation of different fragmen 
of the total pattern to different eyes—as 
monocular presentation of all letters to 1 
same eye. Therefore, the masking mechan’ 
functioned at postretinal processing level 
Since the exposures were untimed, a senso 
rather than cognitive interference mechanist 
was inferred. : 

The sensory and the cognitive masking M 
terpretations of simultaneous visual mask! 


fore, t 
ded t 
ion em 
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ave many parallels in other nominally differ- 
nt psychological tasks. For example, Kahne- 
man (1968) proposed image degradation and 
processing interference mechanisms of tempo- 
ral visual masking. This parallel is more than 
fortuitous if the tachistoscopic perception of 
patterns is considered to be a serial process, as 
several authors have suggested (e.g., Harcum, 
1957; Heron, 1957). Research in verbal learn- 
ing, for example, has implicated cognitive 
confusion as a source of interference (e.g., 
Saltz, 1971). Examples of this are prefix and 
suffix effects in immediate memory (Crowder, 
1967) and output interference in free recall 
(Jahnke, 1969). The similarity of the extrane- 
ous elements to target elements in the present 
study, along with the presumed serial proces- 
sing, produced effects not unlike prefix and 
suffix effects in immediate memory. Since the 
prefix effect is virtually eliminated by presen- 
tation of a redundant prefix in a different 
;peaking voice than that used for the target 
series, presumably anything that introduces a 
cognitive break between prefix and target 
string enables S to exclude the prefix from his 
active construction of a unit to be recalled 
(Neisser, Hoenig, & Goldstein, 1969). There- 
fore, cognitive barriers can insulate verbal 
material from interference effects, as they did 
in the present Experiment II with meaningless 
patterns. 
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A TACTUAL SIZE AETEREFFECT CONTINGENT 
ON HAND POSITION * 


JAMES T. WALKER? anp KAREN S. SHEA 


University of Missouri—St. Louis 


A narrow inspection bar is located on S 
right (or left). During an inspection pei 
nately, moving a single hand from one bar to the other. t 
mediate width subsequently presented on the left (or right) then feels wider 
to the same hand than an intermediat 
No intermanual transfer occurs; thus, 
hand. There are many analogies between the present contingent aftereffect, 
in the tactual-kinesthetic modality, and a number of contingent aftereffects 
in the visual modality, such as the McCollough effect. 


Wearing split-field colored goggles, where 
the left half of each lens is blue and the 
right half yellow, produces a "'situational" 
aftereffect (Kohler, 1964). After the gog- 
gles are removed, when the eyes are turned 
to the left, the scene appears tinged with 
yellow—essentially the complement of the 
left halves of the goggles—and when the 
eyes are turned to the right, the scene 
appears tinged with blue—essentially the 
complement of the right halves of the 
goggles. Thus, the color aftereffect is de- 
pendent, or contingent, on the direction of 
gaze. Such an aftereffect is of great in- 
terest because the same stimulation falling 
on the same retinal receptors produces 
different perceived colors depending on the 
position of the eyes. This contingent 
aftereffect seems to imply that some sort 
of functional relationship between eye posi- 
tion and perceived color has developed as 


a result of the adaptation process, but 
this interpretation has been questioned 


(McCollough, 1965b). 

A number of other contingent after- 
effects have been demonstrated. These 
include the McCollough effect (McCol- 
lough, 1965a), which is an orientation- 
contingent color aftereffect; a color-con- 
tingent orientation aftereffect (Held & 
Shattuck, 1971), which reverses the con- 


1A version of this paper was presented at the 

annual meeting of the Psychonomic Society, St. 
e Missouri, November 1973. 

equests for reprints should be sent to James 

T. Walker, Department of Psychology, UNS 

of Missouri—St. Louis, St. Louis, Missouri 63121. 
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"s left (or right) and a wide bar on the 
riod of 2 min., S grasps the bars alter- 


e bar presented in the other position. 
the aftereffect is confined to a single 


A test bar of inter- 


ugh? 
fects: 
field, 7 


tingency relationship of the McC« 
effect; motion-contingent color afte: 
(Hepler, 1968; Stromeyer & Ma 


1970) ; color-contingent motion afte:  flects 
(Favreau, Emerson, & Corballis, 972); 
and texture-contingent visual motio! after: 
effects (Mayhew & Anstis, 1972; \ ulker, 
1972). All of these contingent afte: ffects 
have some essential features in co: mon 
In each case, a correlation betwee: two 
sensory dimensions (such as colo and 


orientation) is established during 
spection (induction) period, and d 
subsequent test period, the appear: ice 
an object on one dimension is con 
on its location on the other dimension. 

The present study extends the contine 
gent aftereffect paradigm to the tactual 
kinesthetic modality. Figure 1 shows the) 
inspection and test stimuli used to product 
such aftereffects. The stimuli are hiddet 
from S's view by a screen. Using a single 
hand, S alternately grasps the narrow baf 
located on the left and the wide bal 
located on the right during an inspectiof 
period of 2 min., rubbing each bar betwee: 
the thumb and fingers. When 5 alte 
nately rubs the equal and intermedia 
test bars with the same hand, the bar o% 
the left feels wider than the one on thi 
right. "Thus, a tactual size aftereffe 
occurs which is contingent on the positiof 
of the hand. The present stimuli are © 
sentially the same as some of those use 
by Köhler and Dinnerstein (1947) in th 
classic study of kinesthetic figural afte! 
effects, but it is important to note th 
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BARRIER, 24" HIGH 
2/7" BAR 


EXC 


INSPECTION 


X" BAR 
L-—— 


1h" BAR 


1: BAR 
E. = 


TEST 


iGURE 1, Arrangement of stimuli used in Ex- 

viments I and III. (In Experiment II, the bars 

re centered as shown here, but were oriented at 
ght angles to the direction shown above.) 


ine Ss in this earlier study grasped the 
narrow bar with one hand and the wide 
bar simultaneously with the other, while 
ihe present demonstration utilizes a single 
hand. Kóhler and Dinnerstein also found 
that rubbing a tapered inspection bar be- 
tween the thumb and fingers of a single 
hand produces a negative aftereffect of 
apparent taper in the parallel edges of a 
test bar. As Kohler (1964) subsequently 
pointed out, this last effect is clearly a 
situational (contingent) aftereffect—al- 
though it was not described as such at 
the time of its first demonstration—since 
the apparent width of the test bar depends 
on the left-right position of the hand. 
No quantitative measures of this after- 
effect were reported. 

Gibson (1933) demonstrated a tactual- 
kinesthetic aftereffect of curvature which 
may also be a contingent aftereffect, at 
least in part. After running the fingers of 
one hand along a convexly curved edge, 
à subsequently presented straight edge 
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feels concavely curved. If the perception 
of curvature depends on the displacement 
of the moving fingers from the straight 
edge of the inspection bar, then perceived 
displacement (curvature) may be con- 
tingent on the hand position. But a 
curvature aftereffect can also be produced 
by allowing the fingers to remain sta- 
tionary on a curved edge, so it is not 
clear that Gibson's curvature effect is 
entirely a contingent aftereffect. 

Three experiments were designed to 
measure tactual size aftereffects contingent 
on hand position. Experiment I utilized 
the stimulus configuration shown in Fig- 
ure 1, where the inspection and test bars 
are horizontal. In Experiment II, the 
bars were vertical. In Experiment III, 
one hand was used during the inspection 
period and the other during the test period, 
in order to investigate intermanual transfer. 


EXPERIMENT I 


Method 


Subjects. Eight men and eight women, intro- 
ductory psychology students at the University of 
Missouri—St. Louis, participated as a course re- 
quirement, All Ss were right-handed, although 
handedness was not a basis for selection. 

Apparatus. The stimuli were all made from 
1/A-in. (6.35-mm.) Plexiglas sheet. The two in- 
spection bars were 1/2 in. (12.7 mm.) and 2 1/2 in. 
(63.5 mm.) wide, and the test bars were 11/2 in. 
(38.1 mm.) wide, as shown in Figure 1. Both sets 
of bars were 8 in. (19.3 cm.) long. The bars were 
mounted flat on a horizontal Plexiglas surface which 
rested on a table top. The centers of the bars 
were 10 in. (25.4 cm.) apart. Each bar was held 
in place by two metal pins which engaged holes 
in the bar, and thus, the inspection bars could be 
quickly replaced with the test bars. A barrier, 
3/4 in. (19.1 mm.) high, required that S lift the 
fingers from the horizontal surface when moving 
the hand from one bar to the other. A white 
cardboard screen hid the apparatus from S's view 
at all times. 

Procedure. For control purposes, preinspection 
measures were made using the five pairs of bars 
shown in Table 1. The pairs were presented to 
each 5 in an individually determined random order. 
The E guided S's dominant hand to the nearer 
bar, which S grasped between the thumb and 
fingers. The S then began rubbing the bar be- 
tween the thumb and fingers in time with a metro- 
nome ticking at 1 beat/sec. After completing two 
rubbing movements along the bar—one in the 
distal direction and one toward the midline of the 
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TABLE 1 


PREINSPECTION MEASURES (NEGATIVE VALUES INDICATE LEFT BAR OBJECTIVELY 
WIDER OR JUDGED WIDER) 


JAMES T. WALKER AND KAREN S. SHEA . 


M 


Objective width in inches (left bar-right bar) 


Percentage differences 


1.80-1.50 1.65-1.50 1.50-1.50 1.50-1.65 E S 
Objective —20 —10 0 10 20 
e edd I —45.62 —30.81 —4.06 35.31 47.8 
EE : MC 


Experiment III 


. apparatus—S then moved the hand to the nearer 
end of the other bar, where the procedure was 
continued. The S was instructed to indicate which 
bar felt wider by pointing to the appropriate bar, 
_ but any S who preferred to make a verbal response 
- was allowed to do so. The S was allowed to feel 
the left and right bars as many times as neces- 
sary—always in time with the metronome—in order 
to make a decision. The E then asked, "If the 
smaller bar is 100 units wide, how wide is the 
. wider one?" 

A 2-min. inspection period followed the pre- 
inspection judgments. For half of the Ss, the 
narrow inspection bar was on the left, and for the 
other half, on the right. Sex was balanced across 
the two positions of the inspection bars. During 
the inspection period, S rubbed the bars alter- 
nately—always with the dominant hand—in time 
with the metronome, as described above. After 
the inspection period, E replaced the inspection 
bars with the test bars. The S was again asked, 
as above, to indicate which bar felt wider and to 
indicate its apparent width relative to the smaller 
bar. Judgments of equality were permitted, 


Results 


Preinspection measures. Figure 2 shows 
~ the results of the preinspection measures. 
E The horizontal axis in this figure represents 
the objective percentage difference (OPD) 
between the left and right bars in each of 
the five pairs of preinspection bars: 


3 OPD = 109 (Re = Le) ; 
1.50 


where R, and L, are the objective widths 
of the right and left members of a pair 
of bars. Negative percentages indicate 
that the left bar was wider than the right. 
Each S's quantitative judgment of each 
pair of preinspection bars was converted 
to a subjective percentage difference (SPD) 


Note, All linear trends in subjective percentage differences are significant (p < .001). 


between left and right using the for: 


SPD-R,—L, 


dths 
pair 
ways 
for- 
Vega- 
e left 


where R, and L, are the subjective 
of the right and left members of 
of bars. Since the smaller bar was . 
assigned the value of 100, the abo 
mula yields percentage differences. 
tive percentages here indicate that i 
bar was judged wider than the right 
As shown by the least squares reg: ssion 
line in Figure 2, there is a strong inea 
trend in the preinspection measur s. A 
one-way repeated measures analy is of 
variance shows this trend—which ac-ounts 
for 73% of the variance—to be highly 
significant, F (1, 60) = 172.52, p < .001. 
There is a slight but significant negative 
cubic trend, F (1, 60) = 4.06, p < 05, 
which accounts for only 2% of the vari- 
ance. The mean SPDs for pairs having 
OPDs of +10% and —10% (see Table 1) 
are both significantly different from the 
mean of the pair having an OPD of zer 
(Newman-Keuls test, p < .01). The: 
results show that the measurement pr 
cedures are sufficiently sensitive to dis 
criminate readily between bars differing 
width by as little as 10%. However, th 
slope of the regression line, 2.53, indicat 
that Ss overestimated the differences b! 
tween bars about 21/2 times, but th! 
proportion of variance accounted for b) 
the linear trend above shows that Ss we 
consistent and orderly in their judgmen 
The Y intercept of the regression lin 
5396, is the mean SPD across all paiff 
of preinspection bars; as expected, thi 
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RIGHT BAR 
JUDGED LARGER 
(MEAN SPD,%) 


LEF! BAR 
OBJEC | VELY 
LARGER opp) — 10 


RIGHT BAR 
OBJECTIVELY 
LARGER (OPD,%) 


LEFT BAR 
JUDGED LARGER 
(MEAN SPD,%) 
Fr ^ Preinspection measures, Experiment I 
jective percentage difference—SPD—as 
of objective percentage difference— 


mear: Coes not differ significantly from zero 
(see Table 2), 

Tes: measures. For each S, an after- 
effect measure was found by subtracting 
algebraically S's mean SPD for preinspec- 


tion judgments from the test judgment 
SPD. The resulting aftereffect measure 
was given a positive sign if the measure 
Was in the direction of an expected after- 
effect, and a negative sign otherwise. By 
analogy with the classic kinesthetic figural 
aftereffects described by Kóhler and Din- 
Nerstein (1947), which are negative after- 
effects —as are all of the other aftereffects 
Cited in the present paper—it was expected 
that the test bar presented in the same 
location as the narrow inspection bar 
Would feel wider than the other test bar. 

„The mean aftereffect shown in Table 2 
differs significantly from zero. A two-way 
analysis of variance was carried out, where 
the factors were sex and configuration of 
Dspection bars. There were two levels of 
the latter factor: (a) wide bar on the left, 
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narrow on the right; and (b) wide bar on 
the right, narrow on the left. There was 
no significant effect of sex or configuration 
(both Fs <1); nor was there any sig- 
nificant Sex X Configuration interaction, 
F (1, 12) = 3.03, p < 25. Thus, the af- 
tereffect magnitude was independent of 
inspection bar configuration, whether wide 
on the left and narrow on the right or 
vice versa. 


Discussion 


After alternately rubbing a wide inspection 
bar on the left (or right) and a narrow bar 
on the right (or left) with a single hand, 
two equal and intermediate test bars feel 
significantly different to the same hand, The 
test bar presented in the same location as 
the narrow inspection bar, whether on the 
left or the right, felt wider than the other 
test bar. A contingent aftereffect (CAE) 
thus occurred, that is, the perception of ob- 
jects on one sensory dimension—tactual size— 
was contingent on another dimension—spatial 
location. The present CAE is closely com- 
parable in a formal sense to those described 
earlier (for example, Kohler, 1964; McCol- 
lough, 1965a). There are also similarities 
between the present CAE and the taper after- 
effect described earlier. (Kóhler & Dinner- 
stein, 1947), Although no quantitative mea- 
sures were reported, Kóhler and Dinnerstein 


TABLE 2 


PREINSPECTION AND AFTEREFFECT MEASURES 
(MEAN PERCENTAGE) 


Condition M SD t 


Experiment I: Horizontal bars (n = 16) 


53 9.13 +23 


Preinspection sui 1071 d 14e 


Aftereffect 


Experiment II: Vertical bars (n — 24) 


Preinspection 


—1.18 9.33 =.62 
Aftereffect 9 


5.31 .33 2;79* 


Experiment III: Intermanual transfer (n = 24) 


9.55 ES 


.80 
10.16 —.07 


Perinspection 
— 44 


Aftereffect 


Note. Horizontal bars were parallel to S's median plane, 
vertical bars at right angles. 

*p <.02. 

Hpo * 


pe APT PSOE 
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found that rubbing a tapered bar between 
the thumb and fingers of one hand produced 
a negative aftereffect of apparent taper ina 
subsequently presented test bar having par- 
allel sides. While the present experiment 
utilized inspection stimuli consisting of two 
discrete rectangular bars, as S’s hand moved 
across the space between the bars, the separa- 
tion between thumb and fingers increased and 
decreased almost as though there were a 
tapered bar connecting the rectangular in- 
spection bars. Thus, there was a kind of 
|. implicit taper present which corresponded to 
some extent with the real taper which Kóhler 
and Dinnerstein used as an inspection stim- 
ulus. Would a CAE of tactual size occur in 
the absence of such an implicit taper? 


EXPERIMENT II 


When the inspection bars are presented 
parallel to S’s median plane, that is, at 
right angles to the orientation shown in 
Figure 1, the separation between thumb 
and fingers increases and decreases as the 
hand moves from one bar to the other, 
- asin the previous experiment. But in the 
situation described above, the movements 
of the thumb and fingers are parallel to 
that of the hand as S moves from one 
inspection bar to the other, as opposed to 
the situation in Experiment I, where finger 
movements were at right angles to the 
direction of hand movement. Thus, in the 
present situation, the hand and finger 
movements are such that there is no im- 
plicit taper comparable to that of Experi- 
ment I or comparable to the real taper of 
Kóhler and Dinnerstein's (1947) inspec- 
tion bar. 

A preliminary experiment utilizing the 
above orientation failed to find a signifi- 
cant CAE. Thirty-two Ss were tested 
using the same stimuli and procedures as 
Experiment I. The mean aftereffect was 
4.32%, t (31) = 1.21, p < .25. Rubbing 
the bars in the present orientation was less 
comfortable than in the previous orienta- 
tion, but it is not clear what bearing this 
- should have on the magnitude of after- 
effect. The experimental procedures were 
modified to provide additional inspection 
and test periods, as described below, and 
the following experiment was carried out. 
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Method 
Subjects. Twelve men and 12 women intro: 
ductory psychology students, served as Ss Two) 


men and 2 women were left handed. Three poten 
tial Ss, 2 men and 1 woman, were exclu «d fot 
reasons set out below. 


Apparatus. The same basic apparatus vs used: 
as in Experiment I. Only three pairs of pr’ spec 
tion bars were used in the present experi: nt, gg 


shown in Table 1. The inspection and t t bam 
were mounted flat on a horizontal sheet : 
glas, and the bars were oriented at right 
the directions shown in Figure 1. The -enter 
of the bars were 10 in. (25.4 cm.) apa: i 
Experiment I. 


Procedure. Each S was asked to mak thre 
practice judgments, one for each pair of pi :nsped 
tion bars. During the practice judgme », and 
during the preinspection and test judgm. ts de 


scribed below, if S indicated that any mc 
a pair of bars felt as much as 100% wi 
the other, E asked, “It feels twice as wi 
other one, right?" Any S who maintai' « 
any bar felt 100% wider than another was : placed 
Since the preinspection bars within any vair dif 
fered by no more than 10%, it was belic 


ber of 


would reduce the error variance. Using t 
criterion, only three potential Ss were exclu. ed from 
the experiment. 

After the practice judgments were made, 1l three 
pairs of bars were presented in a different orden 
for the preinspection judgments. The six possiblé 
orders of preinspection pairs were balance! acros 
the sexes. Each S was subjected to three inspe 
tion periods of 2 min. each using the ;/2- and 
2 1/2-in. (12.7- and 63.5-mm.) inspection bars. E 
positions of inspection bars (wide on left, 
on right and vice versa) were balanced ac 
sexes and across orders of preinspection : 
each S, the inspection bars were always presented 
in the same position for all three inspection periodi 
During each inspection period, S rubbed cach bat 
for 4 sec. in time with a metronome, alternatitl 
from one bar to the other. There was an interval 
of 11/2 min, between adjacent inspection periodi 
and the test judgment consumed about 30 sec. 4 
this interval, leaving a rest period of about 1 mil 
The test bars were the same pairs of bars use 
in the preinspection phase of the experiment, b 
the order of presentation was reversed. The 
made test judgments as described in Experiment} 


Results 


Preinspection measures, shown in Ta 
ble 1, were found as in Experiment 
There is a highly significant linear trem 
in these measures, F (1, 46) = 79.89, 
< .001. An aftereffect measure was fou 
for each S by subtracting algebraically 
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inspection SPD from the mean 


mean 
test juc.;»ent SPD; this measure was 
given tive sign if the aftereffect was 
in the expected direction. The mean af- 
tereffec significantly different from 
zero, a: as expected, the mean preinspec- 
tion SEÒD was not (see Table 2). There 
was no significant difference between the 
mean a! .:reffect here and in Experiment I, 
t (38) = 1.00, p < .40. 

The »‘tereffect measures were subjected 
to.a two-way analysis of variance, as in 
Experi cnt I. There was no significant 
effect configuration of inspection bars, 
F (1, °°) = 248, p < .25, and the F ratios 
for the sex effect and the Sex X Configura- 
tion ir ^raction were both less than 1.00. 
Discussion 


iicant CAE was observed in the 
experiment, indicating that a CAE 
l size can occur in the absence of 
! of implicit taper described in the 
; section of Experiment I. These 


the ki 
discus: 
results żlso show that the CAE is not peculiar 


to a single orientation of inspection and 


test bars 


EXPERIMENT III 


In the preceding experiment, a CAE of 
tactual size occurred in a single hand. 
A test bar in one location felt wider than 
a test bar of the same size in another 
location. A question arises regarding the 
locus of the aftereffect: Does the CAE 
occur in S’s phenomenal tactual-kinesthetic 
space, or in the single hand and arm used 
during the inspection procedure? Similar 
questions have been asked regarding clas- 
sical kinesthetic figural aftereffects by 
Köhler and Dinnerstein (1947) and Ca- 
meron and Wertheimer (1965). If the CAE 
occurs in S's phenomenal space, then the 
aftereffect should transfer from one hand 
to the other, that is, the aftereffect should 
still occur if one hand is used during the 
inspection period and the other during the 
test period. The present experiment was 
designed to investigate intermanual trans- 
fer of the CAE. 
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Method : 


Subjects. Twelve men and 12 women, introduc- 
tory psychology students, served as Ss. Two men 
and 1 woman were left-handed. Three women 
were excluded as Ss because each made at. least 
one preinspection judgment of 100% or more. The 
criterion for exclusion was the same here as in 
Experiment I1. 

Apparalus- The same apparatus was used as in 
the preceding experiments. The stimuli were the | 
same as those used in Experiment II, but the bars 
were oriented at right angles to S's median plane, 
as in Experiment I (see Figure 1). This orienta- 
tion was chosen for the present experiment because 
it produced an aftereffect more readily than the 
orientation used in Experiment II. 

Procedure. The experimental design was identical 
to that of Experiment JI, and the same procedures 
were used, with two exceptions: (a) the dominant 
hand was used for preinspection and test judgments, 
and the nondominant hand during the inspection 
periods; and (b) S alternately rubbed each in- 
spection bar for 2 sec., as in Experiment I, rather. 
than 4 sec. y 


Results 


No intermanual transfer occurred. The 
mean aftereffect, in Table 2, does not differ 
significantly from zero. Aftereffect mea- 
sures were subjected to an analysis of 
variance where the two factors were sex 
and configuration of inspection bars; F ra- 
tios for the main effects and interaction 
were all less than 1.00. 


Discussion 


The absence of any suggestion of inter- 
manual transfer shows that the present CAE 
occurs in the arm and hand rather than in 5's 
phenomenal tactual-kinesthetic space. In this 
respect, the present results are comparable to 
the earlier findings of Kóhler and Dinnerstein 
(1947) and Cameron and Wertheimer (1965) 
regarding the locus of kinesthetic figural after- 
effects. These workers presented a wide in- 
spection bar to one hand and a narrow bar 
to the other. The arms were then crossed, 
and equal and intermediate test bars were 
presented. The test bar presented to the 
hand that had previously rubbed the narrow 
inspection bar felt wider than the other test 
bar, and thus, the aftereffect was localized in 
the hands. Had the aftereffect occurred in S's 
phenomenal space, its direction would have 


been reversed. 


GENERAL DISCUSSION 


The previously described visual CAEs have 
given rise to a number of neurophysiological 
speculations. For example, one explanation 

- of the McCollough effect is based on hypo- 
— thetical orientation-specific edge detectors, 
color coded in an opponent-process manner 
(McCollough, 1965a). While a few color- 
coded orientation detectors have been found 
in the monkey cortex (Hubel & Wiesel, 1968), 
objections have been raised to McCollough's 
(1965a) explanation, and other explanations 
have been offered (Harris & Gibson, 1968; 
< Murch, 1972). 

-. At the psychophysical level, there are many 
analogies between the present CAE and earlier 
- contingent and conventional aftereffects. Ex- 
tending these analogies to the neural level 
. suggests a possible explanation for the present 
CAE. Suppose that some of the tactual- 
kinesthetic "size detectors" (whatever they 
may be) which are responsible for conven- 
tional size aftereffects (Kóhler & Dinnerstein, 
-—- 1947) are also coded in terms of arm and 
hand positions. In that case, the present 
CAE might result from adapting a set of 
such detectors to a narrow stimulus in one 
` position and adapting another set to a wide 
stimulus in some other position. This pos- 
sible explanation is of course highly specu- 
lative, in the absence of any neurophysiological 
evidence for such double-duty position-coded 
ize detectors. 
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| .PLICIT RESPONSE FREQUENCY AND RECOGNITION 
MEMORY OVER TIME 


MARY JEAN BACH? 
: Northwestern. University Medical School 


One hundred twenty-eight Ss were presented 150 words for study, followed 
by à two-choice recognition test. The list was constructed so that implicit 
associative responses (IARs) to the words during study might both facilitate 
recognition (by increasing the frequency of the correct word in a test pair) 
and inhibit recognition performance (by increasing the frequency of the in- 
correct word in a test pair). The experiment was designed as a direct test 
| of the hypothesis that the word frequency effect in recognition is due to such 
positive and negative eflects. Four retention intervals (0, 5, 10, and 15 min.) 
were used to determine whether passage of time influenced the presumed 
IAR-frequency relationship. The results supported the theoretical expecta- 
tions after all retention intervals: Recognition performance showed no con- 


sistent change over 15 min. 


Ques: ns raised by Underwood and 
Freund: 1970 study of recognition mem- 
ory lec ‘rectly to the present research. 
They i: stigated recognition of words of 
differing 'inguistic frequency. For the 
forced-c! ice recognition test, previously 
presente: words of either high (HF) or 
low (LF) vackground frequency were paired 
With new words which were also HF or LF. 
The poorest performance was evidenced for 
the HF ‘IF pairs (where the first and 
second term, respectively, refer to the old 


and new members of the test pairs). Per- 
formance on the HF-LF pairs was almost 


Perfect. Thus, correct recognition of 
HF words depended upon the word fre- 
quency of the new word paired with it on. 
the test. 


Underwood and Freund (1970) assumed 
that the principal memory attribute deter- 
mining a discrimination between "old" and 

new” words on a recognition test is the 
frequency attribute (Underwood, 1969). 
Frequency in this case refers to situational 
rather than background or Thorndike- 
Lorge (1944) frequency. According to fre- 
quency theory (Ekstrand, Wallace, & 

nderwood, 1966), as words are presented 
Once in the experimental context, a unit of 
Situational frequency accrues to each of 
Ec ————Éu em 


‘Requests for reprints should be sent to Mary 
Sho Bach, Northwestern University Medical 
Soori. 303 East Chicago Avenue, Chicago, Illinois 


them. When these same words occur on the 
test, paired with words appearing for the 
first time, and S is requested to indicate 
the old word in each pair, he is contrasting 
words whose situational frequency ratio is 
1:0, This differential phenomenal fre- 
quency on the test is viewed as the basis of 
recognition performance. 

A second assumption made by Under- 
wood and Freund (1970) was that upon 
presentation of an HF word for study, the 
occurrence of an implicit associative re- 
sponse (IAR) to that word was: highly 
likely (Underwood, 1965). The IARs so 
produced were also assumed to acquire a 
unit of situational frequency.  Further- 
more, there was less likelihood of occurrence 
of an IAR to an LF word than to an HF 
word. Thus, Underwood and Freund 
(1970) reasoned, during the presentation 
of an HF word list, IARs would often occur. 
Some of these IARs might be other list 
words. In this case, the apparent frequency 
of those words would be increased and 
discrimination on the test should be facil- 
itated, particularly if the new word paired 
with it had not occurred as an IAR to 
anotherlist word. On the other hand, if an 
old word that had occurred only once and 
that was not augmented by an IAR was 
paired with a new word that had occurred 
as an IAR to another list word, the situa- 
tional frequency on the test would bea 
ratio of 1:4 and discrimination should be 
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TABLE 1 


V VAN Rs (IN PARENTHESES), Tre) PAI 
r x OF «s USING PRESENTED WORDS, RELEVANT IA 
B uu PRESUMED FREQUENCY OF Each WORD IN TEST PAIR i 
Presume jueney 
Tested pairs = 

fiendis Presented words Old New b. 
pus "TTABLE-CLOUD 1 
1 TABLE... A YA 
1+ TABLE (CHAIR). ..ChAIR. . CuaiR-CLoUD 1 2 
2 TABLE...TABLE TaBLE-CLOUD 2 

Negative 2 > 
i TABLE. . . Dog (CAT)... TABLE-CAT í 1 
1+ TABLE (CHAIR). . .CHArR. .. Doc (Car)... CuamR-CAT | 2 
2 TABLE. . . TABLE. . .DoG (CAT) TABLE-CAT | 2 
PR ony TABLE (CHAIR)... CnarR-CLoUD 0 1 
2 T Chay. . TABLE (CHAIR)... CHAIR-CLOUD 0-2 


Note, See text for full description of condition designations. 


very difficult. This 1:1 frequency ratio 
—— would often be the case when two HF words 
were paired on the test. 

Although Underwood and Freund (1970) 
postulated that more IARs occurred to 
HF than to LF words, thus accounting for 
more recognition errors when two HF words 
were paired on the test than when two LF 
words were so paired, they did not make 
a direct test of this hypothesis. Both the 
positive and negative aspects of IAR 
elicitation were more directly investigated 
by the present research by inclusion of HF 
words and their primary IARs on the 
study list and on the forced-choice test. 
Only HF words were employed and their 
associates were also other HF words. The 
new words used on the test were also HF 
words, but had flat hierarchies, i.e., no one 
or two consistent IARs to these words. 

_ The precise theoretical rationale may 

» now be described by examining the experi- 
_ mental conditions. Examples of presenta- 
tion and test list words are given in Table 1 
for each condition, along with the theoret- 
ical situation with regard to frequency of 
old and new items on the test. When an 
__ HF word is presented for study, it may not 
- always elicit the specific IAR utilized here. 
- Therefore, the columns headed Presumed 
Frequency in Table 1 indicate a range of 
frequencies for the presumed IARs, 

The first six conditions resulted from a 
factorial combination of three presentation 
conditions and two test conditions, Words 


he 
L 


were originally presented once twice 
or both the word assumed to elici! an IA t 
and its IAR appeared on the ori; nal list 
On the test, the list word pres ined t0 
elicit an IAR was tested either wi ^ a ne 
word or with a word assumed to |. ve been 
elicited as an IAR to another |: word. 
Looking at the two basic test conditions 
(the three positive vs. three negativi 
conditions in Table 1), the posi: ve am 
negative effects of IAR elicitation may be 
seen. When a list word is tested for 
recognition with a completely new word) 
the facilitative effects of also presenting thé 


primary associate of that word ; 
compared to single and double presen tation 
of the target word (the three positive 
conditions in Table 1). On the other handi 
when a target word is tested for recognition 
with a word elicited earlier as an JAR @ 
another list word (the three negative condi 
tions in Table 1), the negative aspects ? 
IAR elicitation should be evidenced ! 
lowered discriminability between test pait! 
It was predicted that these negative effec 
should also be tempered by the condition 
of original presentation. As would 
expected, better discrimination perform 
ance was predicted for the three posit 
conditions. Within the positive conditio? 
the best performance was predicted for ! 
Pos-2 test pairs (a 2:0 discrimination ratio) 
The next best performance was predica 
for the Pos-1+ conditions, where i 
phenomenal frequency on the test shoul 
i 


f 
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sometimes be 2:0 and sometimes 1:0, 
whez ‘he assumed IAR which was presented 
had :0* been elicited as an IAR for that S. 
Acccrcingly, the three negative conditions 
were «!so predicted to be ordered in the 
same manner, i.e., Neg-2, Neg-1+, and 
Neg-! in descending order. 

Two additional conditions, Conditions 
IAR-: and IAR-2, more-directly assessed 
the tedency of IARs to elicit false recogni- 
tions. In both cases, the presumed IAR 
to a v ord in the study list was tested with 
a ney word. These conditions should 
elicit ‘alse recognitions of IAR words. 
These recognitions were predicted to in- 
creas’ when the list word assumed to 
elicit ihe IAR was presented twice before 
testi:.» of the IAR with a new word. Hall 
and | ozloff (1970) found that up to three 
presentations of a word increase false 
recognitions of its associate over a single 
presen tation. 

In Underwood and Freund’s (1970) 
Experiment IL (comparing recognition of 
HF-i iF and LF-LF pairs over time), they 
found evidence suggestive of facilitation 
due to a temporal “tag” when the test of 
HF pairs was delayed 6 min. after the 
original presentation, but not after 3 min. 
Conventional usage of the words old and 
new to refer to the two classes of words 
app g in a recognition test of retention 


in itself implies a temporal attribute. In 
order to investigate possible changes over 
time, four time intervals between the study 
list and subsequent test list were used. 
The test list was presented either imme- 
diately or 5, 10, or 15 min. after the 
presentation of the study list. 


METHOD 


Words. Seventy-two pairs of associated words 
Were selected from various norms in Postman and 
Keppel (1970). The associative bonds were either 
Unidirectional or, in the case of bidirectionality, the 
direction of highest association value was chosen. 
All pairs were over 30% association value. All new 
words for the test and filler words (untested) on 
the original presentation for study were also selected 
from the Postman and Keppel (1970) norms. 

Study list. The original list consisted of 150 
Positions (123 different words, 33 of which were 
fillers), There were 5 fillers first and 5 last. The 
experimental and filler list items were arranged 
randomly between these buffer items, subject to 
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the restriction that at least 3 and not more than 12 
positions occur between repetitions (or primary 
IAR presentations) of an item. Half of the words - 
occurring in the first half of the study list appeared | 
among the first half of those tested, and half. were 
among the last half of those tested. The same was 
true of the words occurring on the last half of the 
study list. 

Test list. There were 72 pairs on the test, 9 for 
each of the eight conditions. Table 1 indicates the 
phenomenal frequency which is presumed at the . 
time of test for each of the following conditions: 
(a) Pos-1, a list word with a new word on the test; 
(b) Pos-1+, both tested word and its IAR presented, 
the IAR word tested with a new word; (c) Pos-2, a 


list word repeated twice tested with a new word; - 


(d) Neg-1, a list word tested with an IAR to another 
list word, (e) Neg-1+, both tested word and its 
TAR presented, the IAR word tested with an IAR — 
to another list word; (f) Neg-2, a list word presented 
twice, tested with an IAR to another list word; (g) 
IAR-1, an IAR to a list word tested with a new 
word; and (A) IAR-2, an IAR toa list word presented 
twice, tested with a new word. 

From the 72 test pairs, eight sets of 9 pairs were 
selected to equalize mean associative strength 
(intrapair) among the sets. Mean association value 
for the eight sets was 52.34%, with a range of 
50.61%-53.96%. There were eight forms of the 
study and test lists, so that each set of pairs was 
used in each of the eight conditions, 

Procedure. Following instruction regarding the 
nature of the test, the study list was presented to .S 
a single time at a 2-sec. rate, using a memory drum. 
After the words on the study list appeared, .S was 
either tested immediately or engaged in a filler 
activity (to minimize rehearsal) for 5, 10, or 15 min. 
The filler activity required manual dexterity, Before 
the first pair of the test list appeared on the drum, 
complete instructions were repeated for all Ss. 
The test list was also presented at a 2-sec. rate. 
The Ss were tested individually. 

Subjects. There were 32 Ss at each time interval 
(4 per form), making a total of 128 Ss. The Ss were 
assigned to conditions according to a block random- 
ization procedure as they appeared at the laboratory. 
They were all students at Northwestern University. 
Half of the Ss served in fulfillment of a course 
requirement. The other half of the Ss were paid 
$2 each for their participation in the experiment. 
An equal number of paid and unpaid volunteers 
served under each temporal condition and each form. 


RESULTS 


Data from the three positive and three 
negative conditions are summarized in 


Table 2. As may be seen, mean errors are — 
ordered within the positive and negative 


conditions as predicted on the basis of 
presentation frequency and the IAR elicita- 
tion hypothesis. 


E 
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TABLE 2 


MEAN ERRORS AS RELATED TO PRESENTATION 
FREQUENCY AND ASSUMED IAR FOR THE POSITIVE 
AND NEGATIVE CONDITIONS (SDs 
IN PARENTHESES) 


t. Frequency 


Condition 
1 1 +IAR 2 


: Positive 1.76 (1.07) | 1.40 (0.92) | .96 (0.88) 
Negative | 2.98 (1.21) | 2.41 (1.25) | 1.89 (1.12) 


Factors included in the analysis of 
- variance of the conditions in Table 2 were 
delay, forms, presentation condition, and 
. test condition, This analysis indicated a 
highly significant effect of presentation 
condition, F (2, 192) = 68.09, p < .001. 
= Thus, the anticipated positive effects of 
IAR elicitation may be seen in these data, 
ie, there were significantly fewer errors 
when both a word and its IAR appeared on 
— the study list than when the tested word 
i appeared only once and was not augmented 
by an IAR, under both positive and nega- 
tive test conditions. Additionally, the 
conditions where both the tested word and 
its IAR were presented fall approximately 
midway between one and two presentations 
of an experimental word on the study list. 

The negative effects of IAR elicitation 

may be seen in Table;2 by a comparison 
- of the positive and negative conditions. As 
predicted, more errors occurred under the 
negative than positive conditions. Whether 
a test pair had a new word or the IAR to 
another list word as the distractor item 
was also a highly significant source of 
. Variance, F (1, 96) = 180.54, p < .001. 
Thus, testing recognition of a presented 
word paired with the presumed IAR to 
. another list word produced a significant 
decrement in performance compared to 
testing with a new word, regardless of the 
Original presentation frequency of that 
word. Neither forms nor any interaction 
with forms reached significance in this 
analysis. 

Conditions IAR-1 and IAR-2 provide an 
assessment of the phenomenal frequency of 
IARs. For Condition IAR-1, where the 
eliciting word had appeared once on the 
study list, Ss chose the assumed IAR 63% 
of the time over the new word in the pair. 
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When the eliciting word appeared twice, in 
Condition IAR-2, the assumed IAR was 
chosen 59% of the time. Thus, IARs vere 
chosen over new words with greater han 
chance frequency. These two percen: ges 
represent means of 5.71 and 5.30 yes 
responses, respectively. This is the rey erse 
of the predicted outcome. A sep: ate 
analysis of variance for Conditions I; R-1 | 
and IAR-2 indicated a significant effe. t of 
input frequency, F (1, 96) = 7.09, p < 01. 
Additionally, the Forms X Presenta ion 
Frequency interaction was significant (; < 
.05). This finding does not appear to | of 
theoretical significance and will not be 
discussed further. 

Delay was not a significant source of 
variance in the analysis of the first six 
conditions, where words that had occu. red 
on the original list were tested for reco. ni- | 
tion. Also, delay for the conditions wl:ere 
associates to list words were tested with 
new words was not a significant source of 
variance in the separate analysis for t..ose | 
conditions. Thus, the possible ch. nges 
over time were not significant for any of the 
conditions, i.e, there was apparently no 
forgetting over these intervals up to 15 min. / 
Also, no facilitation due to a possible time ` 
tag was present in these data. 

Test pairs in each of the eight conditicas 
were divided into thirds according to ‘est 
order. This was done to look at possible 
changes in performance across the test list. 
Because retention interval was not a signif- 
icant source of variance, data were collapsed 
across temporal conditions. Suggested 
testing effects, i.e., a decrease in perform- 
ance over thirds of the list, were seen in the 
three positive conditions as well as Condi- 
tion IAR-1. Little change was indicated 
for the three negative conditions. The 
changes during testing, where found, were 
slight and do not account for the basic 
findings. 


Discussion 


These data lend strong support to the hy- 
pothesized positive effects of IAR elicitation: 
As may be seen in Table 2, conditions where 
both the tested word and its associate were 
presented fall approximately midway between 
one and two presentations of the experimental 
word, regardless of the test condition. Thus 


the addit of the IAR words must have been 
adding in , icit frequency units to the tested 
words. V -en the initial word of the associated 
pair occi it is quite likely that its primary 
associate -o occurs as an IAR. Underwood's 
(1965) re. sits strongly indicate that this IAR 
elicitatic »jppens at the time of original 
encoding. Itis also probable that the elicita- 
tion of specific associates chosen for the 
present »riment are a function of the 
associat strength between the two words as 
given b the normative data (here, Postman 
& Kep; 1970). Cramer (1970) has shown 
that mo ated priming, for example, is pri- 
marily inction of the strength of the asso- 
ciative oond between the "primer" and the 
word t hich S must give his associations. 
Avera. :ssociative strength in the present 
experi: was 52.34%, based on a range of 
32.16; (represented by the pairs THIN- 
NER-F R and TABLE-CHAIR, respectively). 
Given ^à, that the assumed IARs chosen for 
ment may not always have added a 
unit to the tested word, the obtained 
hese conditions between the condi- 
me and two presentations would be 
expecte This result was, in fact, predicted 
earlier 


Testin; a presented word paired with a 
likely associate to another list word, which 
therefore may well have occurred as an IAR at 
the time of list presentation, was also found to 


inhibit performance compared to testing with a 
completely new word. Thus, the hypothesized 
negative effects of IAR elicitation are also 
supported by these data. 
. Looking at the two conditions where assoc- 
iates (or presumed IARs elicited at list 
presentation) to words occurring on the list 
Were tested, a somewhat different picture 
emerges, The assumed IARs to list words, 
paired with new words, were chosen less often 
when the eliciting words were repeated than 
when they were presented only once. It will 
be remembered that the opposite outcome was 
Predicted. Hall and Kozloff's (1970) results 
indicated that false recognitions of IARs of 
words presented three times exceeded false 
recognitions of those presented only once. 
The reason for this apparent reversal is not 
immediately evident. The absolute difference 
between Groups IAR-1 and IAR-2, although 
Statistically significant, is small. In any case, 
S were chosen with greater than chance 
Tequency under both presentation conditions. 
here was no evidence of forgetting in these 
data over the intervals up to 15 min. Addi- 
tionally, it would appear from the results of 
these manipulations that IARs, when elicited, 
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are forgotten no more rapidly than representa- — 
tional responses to presented words. Under- 
wood, Zimmerman, and Freund (1971) have 
shown that frequency information is forgotten 
slowly. 

The present study has confirmed two major 
hypotheses set forth in the introduction. - 
Presenting both a word and its associate om 
the original list was indeed found to be 
facilitating. Also, testing a presented word by 
pairing it with the presumed IAR to another - 
list word was found to decrease performance. 
These two hypotheses were based on a com- 
bination of frequency theory and the IAR 
hypothesis. As may be seen in Table 2, the 
conditions where presented words were tested 
were ordered precisely as predicted earlier 
from these two theories. In fact, the excellent. 
fit of these data to the hypotheses suggests 
that if it were possible to get each S's IAR. 
repertoire and utilize it in list construction, 
prediction might be considerably more precise. 
Further, it might be possible to find out if an 
JAR does have the same frequency input as a 
representational response. The present experi- - 
ment has thus fully confirmed the Underwood : 
and Freund (1970) hypothesis regarding IAR 
elicitation at the time of presentation as well ' 
as IAR interference (and facilitation) at time 


of test. 
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and "ross-UP to win BICYCLE." 


= . The purpose of this study is to apply an 
information-processing approach to risky 
. decision judgments using the theory of in- 
- formation integration (Anderson, 1974; 
Anderson & Shanteau, 1970). Toward this 
goal, Ss judged the subjective worth (R) of 
_ bets defined entirely by verbal phrases such 
"as “SOMEWHAT UNLIKELY to win SANDALS." 
For such one-part bets, the integration ap- 
_ proach predicts that probability and payoff 
- should combine by multiplying: 
R=ws. 


i] 
The weight value, w, depends on the psy- 
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The Ss judged the subjective worth of bets defined entirely by verbal phrases 
such as "SOMEWHAT UNLIKELY to win SANDALS." A theory of information 
integration predicts that the subjective values of probability and payoff 
should combine by multiplying. Procedures from functional measurement 
were applied to test the model and to scale the subjective values of verbal 
probabilities and payoffs. Data from two experiments supported the model. 
The Ss also judged two-part bets such as “HIGHLY PROBABLE to win WATCH" 
The theory predicts that the worths of the 
two parts should combine by adding. 
judged worth of two-part bets was less than the sum of the worths of the 
parts. This subadditivity effect was also found in reanalyses of earlier 
studies on commodity bundles. This raises serious questions about the tradi- 
tional additive utility approach to risky decision making. 


In both experiments, however, the 


chological likelihood of the probability ph:ase 
SOMEWHAT UNLIKELY. The scale valu. s, 
represents the psychological worth of the pry- 
off item SANDALS, 

In addition to one-part bets, Ss also rated 
the worth (Ris) of two-part bets such as 
“HIGHLY PROBABLE to win WATCH” and 
"TOSS-UP to win BICYCLE." These part; are 
independent since Ss can hypothetically win 
both, either, or neither payoff. The integra- 
tion approach predicts that probability and 
payoff should combine by multiplying for 
each part, and that the worth of the two 
parts should combine by adding: 


{21 


The first part w; sı corresponds to “HIGHLY 
PROBABLE to win WATCH,” while the second 
part wə se corresponds to “ross-uP to win 
BICYCLE.” 

According to integration theory, two basic 
psychological operations are involved in the 
judgment of verbal bets. The first is a valua- 
tion operation by which terms such as soME- : 
WHAT UNLIKELY and SANDALS come to have 
meaning and value. The second is an in- 
tegration operation by which these values are 
combined. The study of these two operations 
goes hand in hand. In order to estimate the 
subjective values of verbal terms, it is neces- 
sary to know how these values combine to 
form judgments. Conversely, determination 
of the intergration rule requires estimates of 
the values being combined. 


Ryo = wsi + We So. 


- factorial. For Part 1, the probabilities 


This s‘multaneous determination of psy- 


— chologic-' values and integration rule has 
_ perhaps ocen the central problem in decision 
- making csearch, However, procedures from 
- functio:.:/ measurement provide a general 
solutio: to this problem (Anderson, 1970; 
Shante .. & Anderson, 1972). In particular, 
_ these ; “cedures lead to joint validation of 
- the su’ ective probability and utility values, 
and |^. multiplying and adding models 
(Shanicau, 1970b). 
EXPERIMENT I 
The Ss judged the subjective worth of 
bets ci ‘ned by verbal probability phrases and 
actua! »ayoff items. Two types of bets were 


used : cne-part bets with a probability to win 
a pay. i’, and two-part bets with two separate 


one-p. rt bets. The one-part bets allowed 
exam cation of the multiplying model, while 
two-part bets allowed examination of the 
adding :nodel, To avoid the difficulties of 
interprcting group analyses of decision mak- 
ing models (Shanteau & Anderson, 1969), 
the models were investigated through ex- 
amination of individual Ss. The general 


and procedure were similar to Ander- 
son and Shanteau (1970; also see Shanteau, 
1970b) and are summarized below. 


Method 


Stimulus Designs 


, There were 166 verbal bets in four factorial de- 
Signs ; : 

Design Single Bet contained 72 one-part bets 
made up of all possible combinations of the nine 
probabilities and eight payoffs shown in Table $ 
These stimuli were selected on the basis of pilot 
Work to cover a broad range of values and to have 
fairly consistent values across Ss. A few stimuli 
such as $1 Brut were selected to allow their subjec- 
tive values to be compared to their objective values. 

he terms No CHANCE, SURE THING, 1 PENNY, and 
TELEVISTON were included only to define scale end 
Points and were excluded in the statistical analyses. 

Design Double Bet contained 64 two-part verbal 
bets from a (2X2) X (4%4), Part 1X Part 2 

were either 
SOMEWHAT UNLIKELY or Toss-uP, and the payoffs 
Were $1 pitt or prcycre, For Part 2, the prob- 
abilities were either UNLIKELY, NOT QUITE EVEN, 
. BETTER THAN EVEN, or FAIRLY LIKELY, and the pay- 
Offs were SANDALS, $20 TRAVELERS CHECK, $50 Girt 
CERTIFICATE, or WATCH. 
Designs Double Probability and Double Payoff 


- Were auxiliary designs to check on discrepancies 
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Ms 
from the adding model found in Anderson a 
Shanteau (1970) and also in pilot work. Double — 
Probability was a (3X 1) X (3X1) factorial de- 
sign with payoffs of wATCH for Part 1 and SANDALS 
for Part 2. The probabilities for both parts were 
UNLIKELY, TOSS-UP, or HIGHLY LIKELY. Double 
Payoff was a (1X3) X (1X3) factorial design 
with probabilities of Nor QUITE Even for Part 1. 
and BETTER THAN EVEN for Part 2. The payoffs for 
both parts were SANDALS, BICYCLE, or WATCH, 3 

To insure that all stimuli would appear in two- 
part bets, 12 additional two-part bets were included - 
but not analyzed. i 


Procedure a 


Each bet was typed on an index card, The prob- E 
abilities and payoffs appeared in capital letters with —— 
the words “to win” interposed, For two-part bets, ' 
the parts were displaced horizontally. A 

The S judged how much “each gamble is worth to — 
you" by sliding a pointer along an unmarked meter —. 
stick. The left end of the scale was defined as ` 
“WORTHLESS,” and the right end was defined as the 
worth of “SURE THING to win TELEVISION," The E - 
read the response to the nearest millimeter from - 
the rear face on a 0-100 scale. E 

The first day was devoted to instructions and | 
practice. Particular attention was paid to the re- 
sponse scale and to two-part bets. The linearity of | 
the response scale was emphasized by having $ — 
mark off specified worth values such as "9/10 the 
worth of a TELEVISION." The worth of two-part 
bets was explained as the sum of the worth of the 
two parts, Special practice bets were included to 
check S's understanding of the instructions. After. 4 
this practice, S explained the task in his own words. 
When it was clear S understood the task, the com- — - 
plete set of bets was presented. TU 

On Days 2-5, 5 began by reexplaining the task 
in his own words, and was then read a summary 
of the instructions. The cards from all designs 


TABLE 1 


SUBJECTIVE VALUES FOR PROBABILITIES AND 
PAYOFFS: EXPERIMENT I 


Probabilities Payoffs 
Weight Stimuli Scale 
Stimuli value a: value 
ier eo 
hi .00 || 1¢ Penny 0 
you A8 || $1 bill 14 
Somewhat unlikely | .27 Sandals 10.1 
Not quite even .50 || $20 travelers | 20.0 
oe 30.8 
"Toss-u S4 || Watch j 
Bier than even .66 || $50 gift 42.8 
Y certo 238 
Fairly likel .69 icycle j| 
Highly probable .84 || Television 99.7 
Sure thing 1.00 : 
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SUBJECTIVE PROBABILITY 


Ficure 1. Mean worth 
Double-Bet designs, Experiment I. 
values; payoffs are listed as curve parameters.) 


were shuffled together at the start of each day. 
D judgment on these days took approximately 
10 sec. 


"Subjects 


The Ss were 12 female undergraduates run in- 
-dividually for five daily l-hr. sessions and paid 
- $188 per hr. 


Results 


Multiplying Process 


Graphic analysis. The left panel of Figure 
1 plots the combined effect of probability and 
payoff for the Single-Bet design. Each curve 
Corresponds to a payoff, and the horizontal 
spacing gives the subjective probability 
values (as derived below). Similarly, the 
right panel plots the mean responses for the 
second part of the Double-Bet design; the 
means were collapsed across the first part of 
the design. 


judgments as a function of probability and payoff for Single- and 
(Probabilities are spaced according to their subjective 


This type of plot allows a direct graphic 
assessment of the multiplying model. if 
Equation 1 is correct, then the curves in F 
ure 1 should form a diverging fan of straight 
lines. As can be seen, the curves do diverge 
and are very nearly linear for both the Single 
Bets and the more complex Double Bets. 

Statistical analysis. Goodness-of-fit tests 
of the multiplying model were made using 
the Bilinear analysis (Anderson & Shanteau, 
1970; Shanteau & Anderson, 1972). The 
Probability X Payoff interaction was broken 
down into two parts: the Bilinear component 
and the Residual (leftover) component. The 
multiplying model predicts that the interac- 
tion should be concentrated in the Bilinear 
term leaving a nonsignificant Residual, The 
analysis was made separately for each 5 
using the four replicates of Days 2-5 to pro- 
vide a within-replicates error term. 

The results of the tests of fit are sum- 
marized in Table 2, which gives the F ratios 
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TABLE 2 
TEST FIT FOR MULTIPLYING AND ADDING 
MopELS: EXPERIMENT I 
Double bets 
gle bets: 
Mo: iplying process 
A Multiplying process 
— Adding 
: m process 
n F(29, 126) nica F(8, 192) FG; 192 
square 
1| 32 | 88 | LT34 | o | 7004s 
2| 4 .96 3,990 87 20.23* 
3| 1.016 | 95 | 3468 | 1.14 62 
4 0 .95 1,182 40 4,03* 
5 7 | 1.13 1,769 2.77* 1.60 
6 31 | 49 4,795 1 2.48 
1| 8] 74 1,184 1,52 42.74* 
8 1 | CSLORUD RD .55 221 
9 6 138 | 1002 | .80 1,62 
10 | 36 .96 9,513 81 9.04* 
11 6 .86 3,025 1,42 53 
12 | $7 | 75 479 1.27 24.76* 
i I 
*p 5 
anc r mean squares of the Residuals for 
. the Si jle and Double Bets. Only 1 of 24 
Residu:'s is significant. The results are 
theref consistent with the multiplying 


model 


Subjective values, The validity of the 


estimates of the subjective values used in 
Figure 1 and in the Bilinear analyses de- 
pends on the outcome of the tests of fit. 


Since the multiplying process received strong 
support, it is appropriate to consider these 
estimates in more detail. The mean weight 
(subjective probability) and scale (utility) 
values are given in Table 1. To derive these 
values, the marginal means of the Single-Bet 
design were recalibrated. This was done by 
first noting that the convergence of curves in 
Figure 1 justifies the assignment of .0 to No 
CHANCE and 1 PENNY. The scale units were 
then arbitrarily set by assigning the value 1.0 
to sure THING and 20.0 to $20 TRAVELERS 
CHECK. The other values were rescaled ac- 
cordingly. The resulting subjective values 
were computed separately for each S and 
then averaged. 5 
There were small individual differences in 
the subjective values for probabilities and 
somewhat larger differences for payoffs. As 
a typical example, the values for BETTER 
THAN EVEN ranged from .56 to 81 while the 
values for sanpats ranged from 3.7 to 21.1. 


However, the ordering of the probability 
values across Ss was quite consistent; in 
comparison, there was somewhat greater 
variability in the ordering of the payoffs. 
Some interesting relationships appear in 
these values. For instance, the scale value of 
$1 BILL is above its objective value, while the 
value of $50 GIFT CERTIFICATE is below i 
objective value. These differences are co 
sistent with the negatively accelerated utility 
functions typically used in economic applica- 
tions (Edwards, 1961; Lee, 1971). : 


z1dding Process 


Graphic analysis, For two-part bets, the 
adding model in Equation 2 implies paral- 
lelism in a graphic analysis of the interactions 
between the two parts. Contrary to predic- - 
tion, a severe nonparallelism was found be- 
tween payoffs, as shown in Figure 2. The 
left panel plots the interaction between pay- 
offs (collapsed across probabilities) in the — 
Double-Bet design, and the right panel plots - 
the same interaction in the Double-Payoff 
design. In both cases, the curves converge - 
to the right. 1 

Statistical analyses. The adding model 
can be tested by analysis of variance. If the 
model holds, then all interactions between the — 
two parts of the bets should be nonsignifi- | 
cant. Individual S analyses of variance pro- 
duced 21 significant interactions out of a total ~ 
of 108. Inspection of these discrepancies re- 
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SECOND PART PAYOFF 


Ficure 2. Interaction between payoffs for two- 
part bets in Double- Bet and Double-Payoff de- 
signs, Experiment I. (First-part payoffs are listed 
as curve parameters ; second-part payoffs are spaced 
along horizgntal axis.) 


OBSERVED 


PREDICTED 


- — Fioure 3. Predicted vs. observed mean worth 
- judgments for two-part bets as a function of sum 
- of one-part bets, Experiment I. 


vealed that the Payoff x Payoff interaction 
as dominant. The right column of Table 2 
gives the Payoff x Payoff interaction F 


ratios, These are significant for 6 of 12 Ss. 


The remaining significant interactions in- 
corporated one or both probability terms. 
However, 18 of the 21 interactions involved 
at least one payoff. In addition, for almost 
all Ss, the interactions had shapes similar to 
Figure 2. In Short, the adding model is 
" invalid for the two-part bets, largely because 

of interactions involving payoffs, 

Subadditivity, If the value of one part of 

a two-part bet does interact with the other 
Part, then this should show up in a com- 
. parison of the responses to one- and two-part 

bets. This can be examined by the following 


test of additivity (as proposed by Thurst 
& Jones, 1957) : See 


Ri = Ry + Rs, [3] 
where Ry and Rs are the responses to the 
Separate parts, which should add up to the 
response to the combination Rj», 

One way to examine additivity is to plot 
the observed Double-Bet means against the 
predicted sum of the Single-Bet means. This 
plot appears in Figure 3. As can be seen, 
the points lie well below the 459 diagonal 
predicted by additivity, Thus, there appears 
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to be a subadditivity relation between 
and two-part bets. 

Response validity. These conclusions 
pend crucially on the validity of the resp: 
scale. Thus, the subadditivity effect m. 
well be due to nonlinear scale distortions. 
This seems unlikely, since any disto: 
should affect the fit of both adding and m: iti 
plying models. Yet, the multiplying m 
has already been supported for the . 
which would tend to validate the response 
scale. 

As a further check, the response scale v as 
transformed by a cubic polynomial power 
series so as to minimize the deviations from 
the adding model for each S’s Double Pts. 
Using these transformed response scales, ‘| 
goodness-of-fit tests were reapplied. Thore 
remained a total of 21 significant intenc- 
tions: the same number as in the untra 
formed data. Further, a plot of the trars- 
formed responses revaled a similar nonparal- 
lelism to that of Figure 2. 

"These same transformations were ther ap- 
plied to the graphic test of additivity between 
one- and two-part bets. A plot analogous to 
Figure 3 revealed a reduced but still quite 
pronounced subadditivity effect. "Thus, the 
discrepancies from the adding model could 
not be removed by a polynomial transforma- 
tion. Considering the flexibility of poly- 
nomials, it is unlikely that any other mono- 
tonic transformation would have done better. 
Therefore, the discrepancies do not appear, 
to be due to response scale distortions. 


EXPERIMENT II 


This experiment pursues two results o| 
the first experiment. These are the sub- 
additivity effect, and the scaling of subjective 
probability and utility. Since subadditivity 
contradicts one of the main assumptions o 
traditional additive utility theory, further 
elaboration of this effect is needed. Experi- 
ment II was designed to allow analysis 0 
subadditivity with various types of two-part 
bets. 

The multiplying model was found to de- 
scribe the combination of probability an 
payoff quite well. Thus, it can serve as the 
basis for simultaneous scaling of subjective 
probability and utility values. Accordingly. 
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this experiment was also designed to provide 

- estimates of subjective value over a broad 
range of stimuli, A secondary purpose was 
to compare these estimates with direct rat- 
Ings of subjective value. 


Method 


Stimulus Designs 


-— There were 198 verbal bets in five factorial de- 
signs. 

b mue Numerical Value contained 49 one-part 
qu made up of all possible combinations of the 
ti Ei numerical probabilities and the seven numer- 
M payoffs listed in the upper third of Table 3. 
E e Low Value and High Value each con- 
M 49 one-part bets from the middle and bottom 
m s of Table 3. The former design used low- 
p- verbal probabilities and payoffs, while the 

58 design used high-value stimuli. 

1 Pc Low-Value Double contained 16 two-part 
Abilities a (1X4) x (1X4) factorial. The prob- 
thes, ies were all defined as SURE THING so that 
M Were "riskless" bets. The first-part payoffs 
M either $1 sr, SUNGLASSES, $10 BILL, or 
“LOCK. The second-part payoffs were NOTHING, 


LOW VALUE 


xe 4. Mean worth judgments as a function of probal 
Value Low-Value, and High-Value designs, Experiment II. 
ing to their subjective values; payoffs are listed as curve parameters.) 
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No Chance 


$0 


SUBJECTIVE PROBABILITY 


bility and payoff for Numerical- 
(Probabilities are spaced accord- 


PEN, $5 DOLLARS, Or SANDALS, These were all low- 
value payofts. 

Design High-Value Double contained similar 
SURE THING bets, except that the payoffs had high 
value. The first-part payoffs were NOTHING, 
SANDALS, $20 TRAVELERS CHECK, OF RADIO. Th 
second-part payoffs were $10 BILL, CLOCK, WATCH, 
or CAMERA. i 

To expose Ss to two-part bets with probabilities 
other than sunE THING, 19 additional two-part bets — 
were included but not analyzed. 


Procedure 
The bets were randomly ordered in a 22 
booklet with nine bets printed on cach page. Fi 
each bet, S judged the worth by making a pencil 
mark through a 10.16-cm. (4-in.) line next to the 
bet. These marks were later recorded to the near- - 
est 1 mm. on a 0-100 scale. The ends of the line 
were defined as the worth of "NO CHANCE to win | 
NOTHING,” and "SURE THING to win $75 casu” — 
The instructions were similar to those of Experi- 
ment I, with the additional specific instruction that 
the worth of two-part bets should be equal to the 
sum of the worths of the parts. Also, special prac- 
tice bets were added to further check S's under- 


standing of.the task. 
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TABLE 3 
SUBJECTIVE VALUES OF PROBABILITIES AND PAYOFFS: EXPERIMENT II 
Probabilities Payoffs 
Dir 
Stimuli pista AN Stiili ies Tatin 
Numerical value design 
No chance .00 .00 Nothing ($0) 0 ( 
Onetara .26 .25 $1 bill 2.9 1 
One third 32 .30 $5 dollars $3 4. 
"Toss-up .50 .50 $10 bill 11.6 10.‘ 
Two thirds 67 .69 $20 travelers check 20.7 18 
Three quarters 71 77 $50 gift certificate 48.4 49 
Sure thing 1.00 1.00 $75 cash 75.0 75.( 
Low-value design 
No chance _ .00 .00 Nothing ($0) 0 ( 
Highly improbable A3 .06 Pen 7.5 4 
Somewhat unlikely 4 .29 Sunglasses 7.7 3. 
Worse than even .38 38 Sandals 10.1 6.4 
Not quite even AS ESI Clock 23.5 19.1 
~ Fairly likely 12 .68 Watch 41.3 37.7 
Sure thing 1.00 1.00 $75 cash 75.0 75.0 
High-value design 
] 
No chance .00 .00. Nothing ($0) .0 ) 
Unlikely 19 12 Sandals 10.0 6.4 
Not quite even AT ES Camera 27.4 28.0 
Better than even .60 59 Radio 35.4 36.5 
Highly probable .92 .90 Suitcase 37.6 37.9 
Imost certain .93 92 Bicycle 48.4 51.9 
Sure thing 1.00 1.00 $75 cash 15.0 75.0 
Direct Ratings almost as well as in Experiment I. As might 
. The Ss made separate ratings of the stimuli listed be expected, the numerical-value design vives 
in Tables | and 3. Each term was rated by a pencil the neatest results. However, all designs 


mark through a 10.16-cm. (4-in.) line. For prob- 

ilities, the ends of the line were defined as no 

CHANCE and sure THING. Each probability was 

rated relative to these end values. Similarly, the 

end points for payoffs were the worth of NOTHING 

"um $75 casm, and the payoffs were rated accord- 
ly. 


Subjects 


-. The Ss were 34 undergraduates run in groups of 
- 2-4 for a 1-hr. session. All Ss received extra course 
credit. Four Ss were eliminated for giving non- 
- Zero Tesponses to worthless bets, and 4 other Ss 
. Were eliminated for procedural problems such as 
Missing pages, skipping lines, etc, 


P Results 
Subjective Probability and Utility 


As shown in Figure 4, the multiplying 
model for the three one-part bet designs fit 


reveal clear bilinear trends consistent with 
the multiplying model. 

Accordingly, the multiplying model was 
used to derive the subjective values shown in 
Table 3. The values were obtained by re- 
calibrating the marginal means of the fac- 
torial designs. In each case, the convergence 
of the curves justified assignment of .0 to NO 


CHANCE and NOTHING; arbitrary values of | 


1.0 and 75.0 were assigned to suRE THING 
and $75 casu. The remaining means were 
rescaled accordingly. 

Two checks were included on the internal 
consistency of these values. First, Nor QUITE 
EVEN and SANDALS appeared in both Low- 
Value and High-Value designs. As can be 
seen, SANDALS had nearly the same value fot 


high and low probabilities; similar 
re obtained for NoT QUITE EVEN. 

check on reliability comes from 
| the results of Experiments I and 
xample, the value of SANDALs is 
> same in the two experiments. 
sults can be seen for most other 
mmon to Tables 1 and 3. This in- 
iends strong support to the present 
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appro: . to scaling, 

Two -dditional comparisons are of inter- 
est. ‘I first involves the objective and sub- 
jective ues of the Numerical Value design. 
The ui ty values repeat the finding of Ex- 
perime: I that low monetary amounts are 
overy: | relative to higher amounts. Fur- 
ther, ^ studies show a crossover at 
arour ^ In comparison, the subjective 
probai s are relatively close to their ob- 
Jectivc 1€S, 

Fin the derived scale values can be 
compa: to direct ratings. The means of 
the di; ratings are given in Table 3. 
Tests | ‘en the two sets of values revealed 
no sigi int mean differences for the Nu- 
merical-. «Jue design. However, significant 
differen’; in the Low-Value design were 
found for both probabilities, F(1, 25) = 6.77, 


and payoifs, F(1, 25) = 12.03. No signifi- 
cant differences were found for the High- 
Value design, Direct ratings may, therefore, 
Provide à reasonable approximation to the 
Subjective values of numerical stimuli, but 
they provide uncertain estimates of verbal 
stimuli. 


Subadditiz rity 


As shown in Figure 5, both High- and 
Low-Value Double-Bet designs show a mild 
but noticeable convergence to the right. This 
replicates the interaction between payoffs 
found in F igure 2. In addition, a marked 
Subadditivity effect was found for both High- 
and Low-Value two-part bet designs, as 
Shown in Figure 6. Despite differences in 
the range of judgments, the size of the effect 
__ roughly the same in the two designs. This 
_ ‘sult indicates that the subadditivity effect 
_ C be generalized across a broad range of 
stimulus values, 

he results in Figure 6 lead to four other 
“nelusions about subadditivity. First, sub- 
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FIRST PART PAYOFF 


Ficure 5. Interaction between payoffs for two- 
part bets in Low-Value and High-Value Double 
designs, Experiment IL (First-part payoffs are 
spaced along horizontal axis; second-part payoffs 
are listed as curve parameters.) 


additivity occurs for both risky (Figure 3) 
and riskless (Figure 6) bets. Moreover, there 
is little apparent difference in the size of the — 
effect for different levels of risk. 

Second, subadditivity appears for both 
numerically and verbally defined payoffs. 
The filled points in Figure 6 represent two- 
part bets with monetary payoffs, e.g., "SURE 
THING to win $10 BILL” and “SURE THING to — 
win $5 poLLARs." As can be seen, there is a — 
slight difference in the size of the effect, but 
subadditivity is still clearly present for the 
filled points. This was surprising, since 
monetary payoffs had been expected to lead — 
directly to additivity. | 

Third, the size of the subadditivity effect 
depends on the particular payoffs used. For 3 
instance, WATCH leads to an average subaddi- 
tivity effect (predicted minus observed) of - 
10.93 when combined with other payoffs. In . 
contrast, the average effect for CAMERA is ~ 
321. This 3:1 difference in the size of the 
effect cannot be attributed to the difference 
in worth of WATCH and CAMERA (see Table | 
3). Similar results were found for other ^ 
payoffs in both experiments. — 

Finally, the size of the subadditivity effect 
depends on the difference in value of the two 
parts. The greatest effects were observed 
when the two parts were roughly equal in 
worth. Thus, the 16 points in Figure 6 with 
the least percentage difference in worth of | 
the parts had an average subadditivity effect 
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Figure 6. Predicted vs. observed mean worth 
judgments for two-part bets in Low-Value and 
High-Value Double designs, Experiment II. (Filled 
points are numerically defined bets.) 


‘of 5.74. In contrast, the remaining 16 points 
~ had an average effect of 2.96. Even 
- greater differences were found in Experi- 


Discussion 


Integration Operations 
3» Two integration operations are required for 
, verbal bets. The first operation involves the 
assignment of worth to each part of a bet. In 
information integration terms, this leads to 
multiplying the worth of the payoff by the sub- 
_ jective probability of attaining it. The second 
_ operation involves the combination of parts for 
_ two-part bets into a total worth. This leads to 
an adding model which implies that the worth 
_ of two-part bets should be the sum of the worths 
_ of the parts, ] 
E Multiplying model, One-part bets provide the 
_ most direct test of the multiplying model. The 
model was found to fit the data quite well, in 
. agreement with earlier results for numerical bets 
© (Anderson & Shanteau, 1970; Tversky, 1967a, 
— 1967b). In addition, the multiplying model was 
able to describe the assignment of worth to each 
Part of the two-part bets. The results for these 
cae v pes Ed extend similar findings of 
nderson ani tea - 
Bros u (1970) for two-part 
j Tn contrast, two studies have been widely in- 
__ terpreted to suggest that probabilities and pay- 
offs combine by adding rather than multiplying. 
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Slovie and Lichtenstein (1968) used an «ddi- 
tive model based on a multiple-regression ai aly- 
sis of duplex bets. While the model corre’ ited 
.86 with both bidding and rating responses, . ich 
correlations do not provide an adequate ana. ysis 
of the fit of a model (Birnbaum, 1973). In 
fact, reanalysis of Slovic and Lichtenstein’s >re- 
liminary data (Shanteau, 1970b) revealed se- 
rious inadequacies in the additive model. When 
plotted, their data show the same divergen: in- 
teraction seen in Figures 1 and 4 rather ‘han 
the parallelism predicted by an additive m del, 
Further, statistical reanalyses revealed 1; of 
20 significant Probability X Payoff interacti ns. 
Therefore, the preliminary data of Slovic ind 
Lichtenstein are better characterized by a vul- 
tiplying model than an additive model, 

Sjoberg (1968) reported support for a com- . 
plex model which appears to reduce to a si:nple 
adding model for probabilities above .1. Jn- 
fortunately, this work also suffers from the !ack 
of goodness-of-fit tests, and so the mode! has 
an uncertain validity. In addition, analyses in 
Shanteau (1970b) raise questions about the ap- 
propriate interpretation of this model. In all, 
there is little evidence to support anythin: but 
a multiplying model for the integration of prob- 
abilities and payoffs. 

Adding model. Two-part bets provide a test 
of the adding model for the combination of 
worths of the parts into a total worth. How- 
ever, the present data give clear and extensive 
evidence against the adding model. The dis- 
crepancies apparently arise from an interact on 
between payoffs. The worth of one payof in 
a two-part bet seems to depend on the wor: of 
the other payoff. Support for this interpreta- 
tion comes from both the interaction between 
payoffs shown in Figures 2 and 5, and the sub- - 
additivity effect in Figures 3 and 6. 

Subadditivity was surprising since Ss (espe- 
cially in Experiment II) were explicitly in- 
structed that the worth of two-part bets was 
the sum of the worths of the parts. Even so, 
subadditivity was found in Figures 3 and 6 for 
risky and riskless bets, verbal and numerical 
bets, and high- and low-value bets. "Therefore, 
the effect was widespread and quite reliable. 

Although deviations from additivity may arise 
from nonlinearity in the response scale, an at 
tempt to rescale the data by polynomial trans- 
formations failed to remove the subadditivity 
effect. Also, most responses were far from the 
upper end of the scale, so that ceiling effects 
seem unlikely. Finally, the excellent fit of the 
multiplying model supports the validity of the 
original response scale. Thus subadditivity doe 
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appear to be due to a Tesponse scale 
ion, * 
litivity 
ious research on decision making has 
minated by the additive utility hypothesis 
rds & Tversky, 1967). Indeed, support 
additive model has been expressed by 
; of studies on combinations of birthday 
Hicks & Campbell, 1965; Thurstone & 
1957), foods (Gulliksen, 1956; Shanteau 
''derson, 1969), and concession goods 
ky, 19672). 
present results, however, are in direct 
liction with the previous conclusions. 
1 to a closer examination of these studies 
\ticomponent commodity bundles. Two 
ns have been of primary concern in this 
The first is which “value law” allows 
ue of a commodity bundle to be predicted 
- value of the components. The second 
concerns the origin or zero point of 
lues; an accurate zero point has been 
in tests of the value law. Generally, 
point has been determined by first as- 
the additive model in Equation 3, and 
ing an average of the best-fitting zero 
r each commodity bundle (e.g., Thur- 
‘ones, 1957). Results analyzed by this 
save consistently seemed to support the 
model. Unfortunately, these results 
have not been backed by adequate goodness-of- 
fit tests, and so the conclusions may not be 
warranted. 
This led to reanalyses of these previous results. 
To serve as an illustration, the reanalysis of 
an elaborate study by Hicks and Campbell 
(1965) will be described in detail. Judging 
from Figures 3 and 6, the lowest values are the 
most additive and should, therefore, provide the 
best zero point estimates. Accordingly, the 
lowest two-part judgment in each of Hicks and 
Campbell's conditions was used to compute a re- 
vised zero point, The other judgments were 
revalued accordingly. The next step was to 
Compare the observed two-part judgments with 
the predicted sum of one-part judgments. Fig- 
ute 7 gives a predicted-observed plot for the 
three conditions of Hicks and Campbell's (1965, 
P. 806) mean rating data. As can be seen, 
there is a clear subadditivity effect in all three 
Conditions. 
Subadditivity has also been found in reanaly- 
x8 of other studies as well (Shanteau, 1970b). 
us effect has been found for judgments of 
sc day gifts (Hicks & Campbell, 1965; Thur- 
one & Jones, 1957), food combinations (Gul- 
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Figure 7, Predicted vs, observed mean ratings — 
in reanalysis of High, Neutral, and Low Context ` 
designs from Hicks and Campbell (1965, p. 806). 


liksen, 1956), and bizarre behavior symptoms — 
(Hicks & Campbell, 1965). These stimuli can — 
thus be added to the verbal bets of this study as 
producing subadditivity. x 

While the subadditivity effect appears to be - 
widespread, there are two studies which still 
seemingly provide support for additivity, Shan- 
teau and Anderson (1969) found that meals — 
combine additively. Later evidence, though, by - 
Oden and Anderson (1971) shows that an. 
averaging model is able to account for additiv- — 
ity and is also able to predict an averaging - 
effect which is present (see below), Support 
for additivity was also reported by Tversky - 
(1967a) for concession goods. However, his - 
results only covered a small range of value, and — — 
his stimuli were susceptible to simple additive | 
counting strategies, Therefore it appears, with 
little contradictory evidence, that subadditivity 
is a general effect. 

This generality raises the issue of how to | 
handle subadditivity. One possibility is to con- 
sider overall worth as a vector sum of part 
vectors (Berglund, Berglund, Lindvall, & B. 
Svensson, 1973), where the angle between the > 
parts represents the extent of subadditivity, A - 
second possibility is that overall worth may de- — 
pend on the average worth of the parts (Oden 
& Anderson, 1971); this would lead directly — 
to subadditivity. A final possibility is that over- - 
all worth is a weighted sum of the parts. Sub- — 
additivity might then be due to less valuable | 
parts receiving little or no weight, or there - 
might be a serial position effect (Shanteau, | 


1970a, 1972). In any case, it may prove useful 
o extend decreasing marginal utility (Lee, 
1971) to describe the subadditivity relation be- 
tween the utility of the items and the overall 
utility. 


Valuation Operation 


3 The valuation operation was studied through 
_ scaling analyses of the phrases making up verbal 
bets. There are two key questions about valua- 
tion. First, are verbal probabilities and payoffs 
given meaningful and consistent psychological 
values? Second, what is the best and most 
Lo general procedure for obtaining these values? 
The consistency of the derived scaling esti- 
Ar mates is striking. Nearly identical estimates 
were found for check stimuli in Experiment II. 
Further, very consistent results were found 
across Experiments I and II. This consistency 
strongly suggests that verbal probabilities and 
payoffs do indeed receive meaningful and reli- 
"able values, 
The functional measurement approach to scal- 
‘ing, as demonstrated here, has no difficulty in 
handling verbal stimuli. In contrast, verbal bets 
- present difficult problems for other scaling ap- 
proaches which depend on objective values for 
— deriving subjective probabilities and utilities, 
Functional measurement, however, does not de- 
ps in any way on objective values, This is 
‘particularly relevant since Birnbaum (1973) 
“has pointed out that objective a priori values 
can lead to erroneous conclusions when evaluat- 
- ing a model. 
Functional Measurement is also useful in 
2 being able to provide scale values for individual 
Ss In comparison, techniques such as Thurs- 
. tonian methods usually require pooling over 
groups of Ss to scale social stimuli ( Bock & 
ones, 1968). Therefore, such methods could 
not generally be used to evaluate individual dif- 
ferences in scale values and decision making 


ional measure- 


deri a Further, the direct prob- 

i ability ratings were highly similar to the rat- 

-ings of probability phrases reported by Lichten- 
stein and Newman (1967). Therefore, while 
some differences were observed for verbal stim- 
uli, direct ratings may provide useful estimates 
of subjective values in many applications. 
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Utility Theory 


The present results point out two major » ort- 
comings in the descriptive application o: the 
traditional subjectively expected utility (S:.U) 
approach to risky decision making (Edw: ds, 
1961). The first concerns the typical defin ion 
of utility and subjective probability as func: ons 
relating subjective to objective values. 5 nce 
verbal stimuli do not have objective va’ ies, 
they cannot be assigned subjective value: in 
this way. The present approach, as previo sly 
noted, does not require such objective va! es, 
Further, weight and scale values are wore 
general concepts than subjective probability nd 
utility. For instance, weight reflects gen ral 


importance, so that a chance of losing mig! be 
given greater importance than an equiv. ‘ent 
chance of winning. Similarly, scale valu re- 
flects all evaluative aspects, so that a > isp 
dollar bill might be worth more than a led 


one, Thus, the present approach would sec. to 
be more general than utility theory. 

The second shortcoming is subadditivity. 
Traditional utility theory has been domi: ited 
by additivity. The present subadditivity : ‘fect 
is, however, a major shortcoming in SEU that 
has not been previously reported. For S'.U to 
handle subadditivity, basic changes in the niodel 
are needed. Such changes, through, may well 
violate the assumptions of utility theory (Lee, 


1971). Thus, the present study raises serious 
questions about the generality and descriptive 
ability of the utility approach to risky decision 
making. 

In sum, these experiments show that the 
multiplying model provides an excellent account 
of the process by which subjective probability 


and utility combine to form subjective worth. 
This model, then, allows estimation of the psy- 
chological scale values for verbal probabilities 
and payoffs. Within the same experiments, 
the subjective worth of the two-part bets was 
less than the sum of the worth of the parts. 
This subadditivity effect poses difficulty for a 
traditional utility theory approach and deserves 
further investigation. 
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COGNITIVE ALGEBRA OF THE EQUATION: 
GIFT SIZE = GENEROSITY X INCOME! 
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form. 


and Butzin. 


One implication arising from the develop- 
ment of information integration theory is 
that there is a general cognitive algebra 
- that underlies human judgment. People 
appear to integrate information according 
. to the laws of algebra, that is, by adding, 
averaging, subtracting, multiplying, and 
^ dividing. Evidence for such algebraic in- 
_ tegration rules has been found in numerous 
4 experiments in diverse areas. The per- 

- vasiveness of these algebraic models in- 

dicates that the concept of a cognitive 

algebra provides a powerful, general frame- 
- Work for the study of judgment. 

The earlier work on integration theory 
was mainly concerned with linear models, 
especially with the question of adding vs. 
averaging. However, recent developments 

- have begun to focus more on multiplying 
: models, in decision theory (Shanteau & 
- Anderson, 1972), social judgment (Ander- 
son & Butzin, 1974), and in psycholin- 
guistics (Oden & Anderson, 1974). One 
Very natural form of multiplying process 
. rises when one variable acts indirectly, 
amplifying or modulating the effect of a 
OER SIAR 
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In two experiments, Ss judged a stimulus person on three dimensions: Gen- 
erosity, Gift Size, and Income. Judgments on each dimension were based 
on information about the remaining two dimensions presented in a 4 X 4 
design. The information about Generosity and Income combined multiplica- 
tively to yield the judged Gift Size, as was hypothesized. Judgments of 
Generosity and Income, however, did not exhibit the proposed multiplying 
Instéad, these judgments followed a predominately additive integra- 
tion rule. This pattern of results agrees with a collateral report by Anderson 
"Together, the two studies indicate (a) a simple multiplying 
rule is easier for Ss than a comparative or ratio rule, and (b) even when the 
integrative task is complex, judgment follows some simple algebraic model. 


second variable. Another form of : ulti- 
plying process arises in comparative judg- 


ment which, although it represc..ts a 
dividing model, can be mathem: cally 
considered as a multiplying model. 

Both forms of multiplying mode! arise 
in the present experiment on jud; ments 
of generosity. This task has specia! theo- 


retical interest because three interrelated 
judgments are possible, depending on what 
information is given. 

From the standpoint of cognitive alge- 
bra, Generosity would be expected to act 
as a multiplier on Income to determine 
Gift Size. Generosity represents an action 
tendency whose operation is conditional 


on the giver's income. Thus the basic 
equation of judgment could be written: 
Gift Size — Generosity X Income. [1] 


This equation would be appropriate if $ 
received information bearing on Generosity 
and Income, and judged expected Gift Size. 

The more common social form of this 
equation is: 


[2] 


This equation would apply when S received 
information about Gift Size and Income 
and judged the giver's Generosity. The 
essential idea is that a comparative 0f 
relative judgment is involved. 

Finally, the third form of the equation 


Generosity = Gift Size + Income. 


would apply when S received information — 
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enerosity and Gift Size, and judged 
ome of the giver: 


about : 
the In 


Inco ne = Gift Size + Generosity. [3] 

All tiree equations are equivalent mathe- 
matic.ily, but they may not be equivalent 
psych. ;ogically. Different information is 
given in each case, and that may affect 
the n: ure of the integration task. Also, 
Equa::on 2 represents a personal attribu- 
tion, v hereas neither Gift Size nor Income 
repres-nts an essential property of the 
giver. Finally, Equation 1 is a simple 
prodit, whereas Equations 2 and 3 call 
for a comparative judgment or ratio. 

As iney stand, these equations are hardly 


morc ihan empty verbalisms. To consider 
them ss true equations requires that the 
three variables be measurable within the 
value system of the individual judge. 
Functional measurement (Anderson, 1974a, 
1974b) makes that possible. This meth- 
odology allows such verbal assertions to 


be treated as true equations, subject to 
exact, quantitative tests. 


METHOD 


The Ss were asked to imagine that a family's 
house had burned down, taking with it all their 

The local newspaper carried the story 
! people reading it sent donations to the 
even though they did not know the family 
personally, $ 

All Ss judged hypothetical givers on three di- 
mensions: Generosity, Gift Size, and Income. In 
each of these judgment tasks, S received informa- 
tion about two of these dimensions for a specified 
giver and judged the value of the third dimension. 


Experiment I 


, Each judgment task was based on a 4 X 4 de- 
Sign that used two of the three informational 
dimensions as stimulus factors. The levels of Gift 
Size were $1, $10, $30, and $100. The levels of 
annual Income were $5,000, $15,000, $50,000, and 
$100,000. The levels of Generosity, presented as 
Judgments made by the giver's peers, were Very 
enerous, More Generous Than Most, Less Gen- 
‘ous Than Most, and Not At All Generous. 
he information for each judgment was typed 
on an index card. Each of the three decks of 
index cards was presented in separate shufiled 
order twice in succession for each S. The first 
Mesentation was treated as practice, and only the 
ata from the second presentation were analyzed. 
* S responded by placing a pin in a 20-cm. 


GIFT SIZE EQUALS GENEROSITY TIMES INCOME 


graphic rating bar whose ends were suitably labeled. 


for. each judgment task. The E recorded the re- . 
sponse to the nearest millimeter by reading a scale 


mounied at the rear of the bar, 


Preliminary practice was given on each judgment _ 
task. First, choices were made between pairs of — 


cards that differed in only one of the two dimen- 
sions, This was done to ensure that .S took cog- 
nizance of all the information. 


were then presented for direct rating. 


Half the Ss made judgments of Generosity, Gift — 
Size, and Income, in that order; the other half — 
made judgments of Gift Size, Generosity, and — 


Income, in that order. Income was judged last, 


since the pilot work indicated that it was the 


most difficult judgment to make. Order had no 
significant effect on judgments of Generosity or 
Gift Size (F ratios of 1.51 and 1.01, respectively), 
Accordingly, order of presentation is not further 
considered, 

A final condition of the experiment asked for 
judgments of Generosity, given information about 
Need of the family, as well as Gift Size and Income 
of the giver. The low-need family was charac- 
terized as having one child and an annual income 
of $25,000. The high need family was characterized 
as having seven children and an annual income 
of $6,000. These two levels of Need were com- 
bined factorially with the above 4 X 4, Gift Size 
X Income, design, and the 32 cards were presented 
once in shuffled order to each S. 

The Ss were 24 students who were fulfilling. a. 
course requirement in introductory psychology. 
They were run individually in sessions lasting 
about 1 hr. 


Experiment II 


This experiment was run mainly as a reliability — 


check on Experiment I and was very similar in 
design and procedure. Practice and end anchor 
stimuli were used more extensively in an attempt 


to eliminate possible floor effects that had ap- - 


peared in the data of Experiment I. Also, small 

changes were made in the stimulus levels in an 

attempt to get more equal subjective spacing. — 
Preliminary practice began with the same choices 


as in Experiment I, but was followed by 10 prac- . 


tice cards, including two high anchors and two 
low anchors. Slight changes were made in the 
stimulus levels. The levels of Gift Size were $2, 


$10, $40, and $100, The levels of Income were 


$6,000, $14,000, $27,000, and $60,000. The levels 
of Generosity were Very Generous, More Generous 
Than Most, Slightly Less Generous Than Average, 


and Not At All Generous. 
The Ss were run twice through each of the three 


judgment tasks. As in Experiment I, the first run. 


was considered as practice and not analyzed. — 


Judgments were made of Gift Size, Generosity, 
and Income, in that order. Gift Size was first, as 
in Experiment J, since it was expected that the 
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FIGURE 1. Judgments of Gift Size, Generosity, and Income, respectively, 


from Experiment I. 


(The values of one of the two cues for each judgment 


are listed on the horizontal axis and the values of the other cue are listed by 


each curve.) 


multiplying model would definitely hold in this 

case. That would provide the best opportunity 
— for the emergence of any multiplying tendency in 
_ the subsequent tasks. * 
3 The Ss were 25 students fulfilling a course re- 
quirement in introductory psychology. They were 
—— run individually in a session lasting about 35 min, 

One S responded erratically and his data were 
not used. : 


RESULTS 


- General. Results 


The obtained judgments are in Figures 
1 and 2, for Experiments I and II, re- 
- spectively. In left-to-right order, the three 
- panels in each figure show judgments of 
Gift Size, Generosity, and Income, cor- 
responding to Equations 1, 2, and 3. Each 
panel shows the obvious trends, the main 
effects of each stimulus variable being 
qualitatively in accord with the model 


: equations. For example, the center panels 
: show that Generosity is a direct function 


GIFT SIZE 


FIGURE 2, Judgm 
from Experiment II, 
are listed on the horiz 
each curve.) 


of Gift Size on the horizontal axis, and 
an inverse function of Income list by 
each curve. 


The main concern, theoretically, .. with 
the exact shape or pattern of tb- four 
curves in each panel. The mulu. lying 
model of Equation 1 implies a di. orging 
fan of four straight lines, as show: below 
in the discussion of subjective scale ~ alues. 
The dividing models of Equations ? and 3 
also imply a fan form, of course. since 
division is formally equivalen: to 


multiplication. 

This predicted linear fan form is clear 
for judgments of Gift Size in the left panel 
of each figure. However, judgments of 
Generosity and Income, in the center and 
right panels, show rather little divergence. 
Indeed, these two sets of data are not far 
from parallel, which suggests the operation 
of an additive-type integration. 

The main theoretical question, therefore, 
concerns the cause of the difference in 


$2 $0 $40 
GIFT SIZE 


$100 


ents of Gift Size, Generosity, and Income, respectively, 
(The values of one of the two cues for each judgment 
ontal axis and the values of the other cue are listed by 
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pattern © tween judgments of Gift Size 
on the o » hand and judgments of Gen- 
erosity : -=d Income on the other. That 
differenc may reflect the difference be- 
tween t' - multiplying form of Equation 1 
and the | viding form of Equations 2 and 3. 
Exactly | rallel results have been obtained 
in a st of the equation, Performance 
= Mo ation X Ability (Anderson & 
Butzin, 974). This matter is considered 
further the discussion. 
Statistic: Analysis 

Sub e scale values. The prediction 
of a | ar fan shape requires that the 
subje values of the stimuli be plotted 
on th rizontal axis. This procedure 
may be ilustrated for judgments of Gift 
Size. S is assumed, in effect, to place 
some 1 'rical value on the verbal labels 
such : Very Generous.” The spacing 
of thes: verbal labels on the horizontal 
axis wa- made in accord with these sub- 
jective values. These subjective values 
are obtained directly from the marginal 
means o: the factorial design, normalized 
so that cach stimulus variable covers the 
same range. 

By Equation 1, the Gift Size response 


is a straight line function of Generosity, 
with a slope equal to the subjective value 
of Income. Spacing the verbal Generosity 
labels on the horizontal axis in accord with 
their marginal means forces the mean of 
all four Income curves to lie exactly on 
a straight line. If the model is correct, 
then this spacing gives the subjective 
values of Generosity on an interval scale. 
Hence, cach of the four separate Income 
Curves should also plot as a straight line. 
If the model is correct, therefore, this 
graphical procedure should yield a diverg- 
ing linear fan of curves. On the other 
hand, if the model is incorrect, then the 
four separate Income curves will in gen- 
eral not have a straight line shape. 

_The above procedure comes from func- 
tional measurement theory, and the sub- 
lective values are estimated in the same 
Way for adding and multiplying models. 
or an adding model, however, the curves 


will plot as parallel lines of equal slope.. 
Of course, the validity of these subjective — | 
scales depends on establishing the inte- 
gration model. 
Goodness of fit. Theoretically, each panel 
of data should plot as a diverging fan of 
straight lines with a common point of ~ 
intersection. Fortunately, this corresponds 
to an exact test from analysis of variance; 
the interaction term should have a sig- 
nificant bilinear component and a nonsig~ 
nificant residual (Anderson, 1970, 1974a). 
However, the test requires a corresponding 
breakdown of the error to get separate 
error terms for the bilinear and residual 
components of interaction. Since this 
computational procedure has not previ- 
ously been described for repeated measure- 
ments designs, it is summarized in an 
appendix. Each F ratio has (1, 23) df for 
the bilinear component, and (8, 184) df for 
the residual. The critical values at the 
.05 level are 4.28 and 1.98, respectively. 
For judgments of Gift Size, the bilinear 
Fs were 28.18 and 43.02 for Experiments 
I and II, respectively, both highly sig- 
nificant. The Fs for residual were 2.34 
and 1.95 in the two respective experiments, 
both marginally significant. There is some 
suggestion that the four Income curves 
would not intersect at a common point, 
and that could cause a significant residual. 
Noncommon intersection could arise if one 
of the variables had an additive effect over — | 
and above its multiplicative effect. The 
predominant trend, however, is clearly 
multiplicative. k 
For judgments of Generosity, the two © 
bilinear Fs were 3.81 and 6.63, while the 
two residual Fs were .99 and 2.20, for the 
two respective experiments. Although the — 
bilinear Fs suggest the presence of a multi- 
plicative component, it is clearly much | 
smaller than for judgments of Gift Size, 
At face value, therefore, the near-paral- —. 
lelism of the data suggests à dominant 
additive process overlaid by a small multi- 
plicative component. It is true that a 
pure multiplying model would yield a small 
bilinear component if the effective range 
of one of the stimulus variables was small. 


" However, both Gift Size and Income clearly 
have substantial main effects so that a pure 
‘multiplying model cannot account for the 
— data. 

R The pattern for judgments of Income is 
similar to the pattern for Generosity. The 
"same interpretation thus seems appropriate, 
t namely, that the dominant process is an 


additive integration, perhaps overlaid by 
a small multiplicative process. For these 
_ data, however, the statistical analysis is 
= somewhat ambiguous. The bilinear and 
- residual Fs were 9.49 and 1.55 in Experi- 
ment I, which would support the given 
interpretation. In Experiment II, how- 
- ever, the bilinear and residual Fs were .43 
- and 3.36, which not only argues against 
. a multiplicative component, but also in- 
- dicates a departure from additivity. This 
- discrepancy appears to localize at small 
| gifts from the Not At All Generous person 
in the top curve. Some Ss stated that a 
small gift from such a person gave them 
- very little clue about his income, and this 
- ambiguity could account for the effect. 
- It is worth noting that a similar effect is 
— visible in Experiment I. 
Effect of Need. Further support for an 
additive integration process comes from 
= the final phase of Experiment I, in which 
- Generosity was judged, given information 
In 


y 


] 


A about Need, Gift Size, and Income. 
2 principle, Need should serve as a relative 
4 standard, like Income, so that the com- 


plete model would be Generosity — Gift 
Size + (Income X Need). In this equa- 
tion, Need multiplies both Income and 
Gift Size so that each two-way graph 
z should plot as a linear fan and show a sig- 
nificant interaction. In fact, both inter- 
actions were nonsignificant, F (3, 69) = .73 
and 30, respectively. The Gift Size X In- 
come interaction had essentially the same 
shape as in the center panel of Figure 1. 
_ The main effect of Need was significant, 
FQ, 23) = 16.17, with less generosity at- 
tributed when need was greater. The size 
of the Need effect was much smaller than 
that of the other variables, however, and 
that limits the power of detecting a multi- 
plicative relationship. 
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DiscussioN 


Model Analysis 


The main trends in the data are clear. 
Information about Generosity and come 
was combined multiplicatively to  p.oduce 
judgments of expected Gift Size. This aulti- 
plying operation manifests itself in the ‘inear 
fan of curves that was obtained is both 
experiments, 

Since Gift Size = Generosity X Incoie, it 
would be expected on mathematical grounds 
that this same equation would also »overn 


judgments of Generosity and of [come 


These judgments, however, showed a quite 
different pattern, one of near-parallelis:: with 
only a small amount of the expected linear 
divergence. These data thus seem to :eflect 
a dominant additive process overlaid by a 
small multiplicative component. 

Some qualifications of this genera! con- 
clusion require consideration. Judgm: .ts of 
Generosity and of Income did show ^ small 
multiplicative component. That cout’ stem 
from a compound adding-multiplying model, 
or it could reflect an average across <o, each 
following one simple model. To resolve this 
question would require a longer term experi- 


ment in order to get sufficient data for single-S 
analysis. In addition, some scattered dis- 
crepancies from the simple models were ob- 
tained, especially in judgments of Income in 
Experiment II. These discrepancies did not 
seem too serious, however, and the present 
pattern of data may be expected to appear 
more generally. 

Quite similar results have been obtained in 
a study of the equation, Performance Mo- 
tivation X Ability (Anderson & Butzin, 1974). 
Judgments of Performance obeyed a multi- 
plying model. Judgments of Motivation and 
of Ability were almost perfectly additive. 
Thus, the overall pattern of the data seems 
to be reliable, not some peculiarity of one 
experimental situation. 

These results extend the conception of à 
general cognitive algebra of judgment. It is 
true that cognitive algebra is not a simple 
mirror of mathematical algebra, as shown by 
the failure of the multiplying rule to maintain 
itself across all three judgment tasks. Never- 
theless, the judgments do not simply dete 
riorate, but instead appear to follow a different 
simple model. 

The present task has special interest be 
cause it is but one instance of a ubiquitous 
form in judgment theory. Both Gift Siz 


= Gener»sity X Income, and Performance = 
Motivat..: X Ability have the same psycho- 
logical s^ 4cture. In each case, as energizing 
factor o action tendency operates on a ca- 
pability ^otential. These equations thus rep- 
resent £ ;udgmental analog of the behavioral 
equatio: used by Hull and others that Drive 
multipli Habit Strength (see Anderson, 
1974b, “oction IIT, B). 

Integrat: Processes 

To es ablish an algebraic model is only a 
first st in the analysis of the judgment 
process, The model is only a surface form, 
and mo- than one underlying mechanism of 
integra‘. can produce the same data pat- 
tern. í- this problem, little is known, and 
about 2); that seems certain is that Ss do not 
conscio use a paper-and-pencil type of 
mental hmetic. 

Perhz;« the simplest speculation about the 
nature c! -he multiplying process is that it is 
an analo; multiplication. That would be 
congruent with the conception of Generosity 
as an acion tendency, effective only insofar 
as it has -omething to operate on, namely, 
Income. Analog multiplication would be 


especially imple on the graphic rating scale. 
Each leve! of Income would represent a fixed 
point on the scale; each level of Generosity 
would represent a fixed fraction of the given 
Income. he Gift Size response would lie on 
the same dimension as Income. If any such 
Process was used, however, it was not used 
entirely mechanically, since the subjective 
value of Income was roughly a logarithmic 
function of dollar value. i 
The origin and nature of the two additive- 
type operations seem more problematical. 
Judgments of Generosity, for example, would 
Seem to be psychologically different from 
- Judgments of Gift Size in more than one 
"éspect. Although Equation 2 can be for- 
mally considered as a multiplying model, that 
Would require a revaluation of the Income 
Cue so that large dollar values corresponded 
to small subjective values. Psychologically, 
- t seems more reasonable to consider that Ss 
are actually making a comparative or relative 
Judgment in this case. Thus, each Gift Size 
vould be compared to a standard or norm 
® the given Income. Ais 
n this basis, a simple interpretation for 
thay ding pattern observed in the data P 
an initial estimate of Generosity is made 
m the basis of Gift Size alone. To this 


e 
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initial estimate is added or subtracted an 
adjustment corresponding to the given Income, | 
Such an interpretation has been given by 
Anderson and Butzin (1974), who suggest. 
that it could be studied using serial presenta- - 
tion of the two stimulus cues. : 
. The present data bear on the theoretical 

interpretation of the equation, Performance 
= Motivation X Ability, studied by Anderson 
and Butzin (1974). There is a natural cor- _ 
relation between Motivation and Ability so - 
that each is a direct function of the other 
when Performance is unspecified. This ex- 
pectancy must be set aside when Performance 
is specified, for then the relation between 
Motivation and Ability becomes inverse, This 
need for cue revaluation was suggested as one 
interpretation of the additive pattern found 
in the judgments of Motivation and of Ability. 
The other interpretation was that the ad- 
ditive pattern resulted directly from diffi- 
culties with handling the ostensible dividing 
rule. 

The latter interpretation is supported by 
the present results. The present task has 
special interest value, since Generosity and 
Income have a direct correspondence with 
Motivation and Ability, respectively, both 
mathematically and psychologically. Since 
there would seem to be no subjective cor- 
relation between Generosity and Income, such 
as obtains between Motivation and Ability, 
the interpretation in terms of cue revaluation 
is not appropriate. Thus, it would seem that 
the difficulties in using Equations 2 and 3 
arise simply because a comparative or ratio 
judgment is required. This view is consistent 
with the difficulties that have appeared fairly 
generally in studies of ratio models in psycho- 
physics (Anderson, 1974a, Section Ru B). 

An adding rule, it may be noted, is not a 
bad working rule. Even judgments of Gift 
Size could be roughly approximated by an 
adding rule. If indeed psychological addition 
is easier than comparative judgment, the ad- 
ding rule could be pressed into service for 
practical use without too much loss. Other 
evidence on the appearance of adding rules 
in multiplicative tasks is given in Shanteau 
and Anderson (1972). ’ 

These comments on underlying process are 
speculative and are intended mainly to call 
attention to the problem, In some cases, 
at least, the nature of the underlying mecha- 
nism appears to be rather different from the 
surface form of the model (Anderson, 1974a, 


Section III,.A, 1; 1974c, Section 7.9). 


698 


More information on these questions might 
be obtainable from studying intuitive judg- 
ments of products and ratios of numbers. 


_ Although some work has been done on in- 


"ponent in the 


tuitive arithmetic, it has largely focused on 
accuracy rather than process, Aside from 
some work on intuitive number averaging 
(Anderson, 1974c, Section 6.3), little informa- 
tion is available on the operative models. 

A second line of attack that may have 
special methodological value would use two 
or more pieces of information to define the 
value of each cue dimension. For example, 
Generosity might be specified by citing the 
opinions of two different acquaintances, or by 
citing two previous actions of giving. There 
is ample evidence that such information would 


. be averaged to obtain the effective value of 


the Generosity cue. 

The complete model would then become a 
two-stage integration model in which the first 
Stage is the averaging operation, and the 
second stage is the multiplying or dividing 
operation. A special advantage of this two- 


M stage approach is that the first stage can 


provide the basis for validating the response 
scale. That can be helpful in interpreting 
any deviations from the hypothesized model 


at the second stage. The general two-stage 


. The computation for testing the bilinear 
and residual components of the interaction 
requires detailed description. The bilinear 
test is straightforward. For a given S, let c; 
and c; be the row means and column means, 
respectively, expressed as deviations from the 
grand mean so that Dc; — Ecj— 0. Then 
LE, = ZXcicX; is the bilinear component of 
that S's data, expressed algebraically. The 
null hypothesis that there is no bilinear com- 
mean data is equivalent to the 
null hypothesis that the true mean of these 
LL scores is zero. It is subject to the usual 
F test. The sum of squares for the bilinear 
component is SS*giinear = (ZLL)/n, where 
the sum is over the n Ss, Its error term has 
the usual sum of squares, X(LLY — SS*bilinear 
which is here denoted as SS* scxhilinear- : 

The test of the residual is not so straight- 
forward, for it requires a parallel breakdown 
of the Row X Column interaction, and of its 
error term, namely, the Ss X Row X Column 
Interaction. Sums of squares for both terms 
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concept is discussed in Anderson (19748, - 
1974b). 
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are obtained directly from the analysis of 
of variance. Next, the group data are used 
to calculate SSpitinear = (XZcic;T 5j), Gai 
where the c; and c; are the row and column 
deviation scores for the group data, and Tij 
is the sum of all the scores in Cell ij of the 
design. Let k = SSBilinear/SS*Bilinear; k 18 
merely a scale factor that renders congruent 
the sums of squares from the regular analysis 
of variance, and the above direct analysis 
of the LL scores. To get SSmeauar, simply 
subtract SSBilinear from SSRowsxColumns- TO 
get the error term for this residual, simply sub- 
tract kSS*s..pilinear from the error term 
for the overall interaction, ^ namely, 
SS ssxRowsxColumns- 

This test has a bias, but it does not seem 
to be serious. Fbilinear may be obtained i? 
two ways, directly from the analysis of the 
LL scores, or via the group analysis 
aS — SShiünear + RSS" sscnilinear/ df sspilinest 
These two Fs do not quite agree, their dif 


ference being roughly proportional to theif | 


GIFT SIZE EQUALS GENEROSITY TIMES INCOME ' 699 : 


er F being 1% to 2% larger than therefore, have an error term substantially 
The source of the bias pre- larger than the overall interaction, which will 
ses because the c; and c; scores in turn be somewhat larger than the error 
‘used in “bilinear are over group averages. term for the residual. As a consequence, this 
1as not been studied statistically, procedure would yield bilinear Fs that are 
: comparisons in the present data too large and residual Fs that are too small. 
indicate 1\..t the bias is not serious, Since These biases are greater when there is a real 


the direc: .nalysis of the individual LL scores bilinear component, and for smaller designs, 
gives a vod test, these Fs are reported here. so that no general statement about their 
The o: vall Ss X Rows X Columns inter- seriousness can be made. Averaged over the 


action ha- been used in a few previous reports 
dn the lit ture as an approximate error term 
for both bilinear and residual components 
of the “ow X Column interaction. The 
‘present results suggest that this test is not 


six present analyses, the error term for the 
bilinear component was 2.62 times as large 
as the overall Ss X Rows X Columns inter- 
action, which in turn was 1.28 times as large 
as the error term for the residual. 


adequate 3nd should generally be avoided. 
Real ind: vidual differences will tend to con- I 7 
centrate the bilinear component. It will, (Received January 23, 1974) 
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EVIDENCE FOR A THREE-COMPONENT MODEL 
OF PRISM ADAPTATION * 


ROBERT B. WELCH,? CHONG SOOK CHOE, anb DANIEL R. HEINRICH 


University of Kansas 


One hundred four Ss were measured on 42 personality traits and adapted in 
two separate sessions to 11.3° prismatic displacement of the visual field. The 
prism-adaptive measures were “negative aftereffect,” “proprioceptive shift," 
and "visual shift." None of the personality traits correlated highly with 
prism adaptability. Furthermore, contrary to the two-component model 
of prism adaptation, negative-aftereffect exceeded and was not highly cor- 
related with the algebraic sum of the proprioceptive and visual shifts. A 
secondary finding was that situational cues induced a small adaptive shift (for 
negative aftereffect and visual shift) in the second session, prior to actual 
exposure to the prism, It was concluded that prism exposure of the type 
provided in the present experiment induces a third component that adds to the 
proprioceptive and visual changes to produce the negative aftereffect. This 
"new" component was hypothesized to be an assimilated corrective response 
contingent on error correction during prism exposure. 


If a person has viewed his actively 
moving limb through a wedge prism and 
the prism is then removed, he will initially 


the side opposite the direction of optical 
displacement. This corrective error is 
often referred to as the “negative after- 
effect” (NA) and represents the most 
common index of prism adaptation. A 
number of investigators have attempted 
to describe the underlying modification 
which NA represents. Two candidates 
are (a) a shift in felt limb position and 
(6) a shift in egocentric visual direction. 
Harris (1965) and others have provided 
evidence that prism exposure induces a 
recalibration of proprioceptive input such 
that the limb is felt to be located off to 
the Side to which it was optically displaced. 
This component may be termed “‘pro- 
. prioceptive shift" (PS) and is commonly 

demonstrated as a postexposure error in 
. placing the (now unseen) arm straight 
ahead of the body. Other investigators 

(e.g., Uhlarik & Canon, 1971) have re- 
ported prism-adaptive changes in visual 
direction, usually obtained by having S set 


1 The present investigation was supported in 
by Grant EY00560-02 from the National Eye In. 
stitute of the National Institutes of Health. 

* Requests for reprints should be sent to Robert 
B. Welch, Department of Psychology, University 
of Kansas, Lawrence, Kansas 66045, 


700 


. misreach for visual targets by pointing to 


traight 
zalil & 
"visual 
change 


a dot of light to the apparen: 
ahead position. Evidence (e.g. 
Freedman, 1966) suggests that t! 
shift" (VS) actually represents 
in the felt direction of gaze. |. appears 
now that prism exposure induces oth PS] 
and VS, although their relative ma:;nitudes 
may vary as a function of a nuber of 
factors. Furthermore, it has been argued 
(e.g, Harris, 1965; Hay & Pick, 1966; 
McLaughlin & Webster, 1967) that these 
two constituents combine in additive 
fashion to produce the total prism-induced 
target-pointing error (NA). Recently; 
Wilkinson (1971) directly tested and ap- 
parently supported this two-component 
linear (PS + VS = NA) model of prism 
adaptation. However, in several explora- 
tory studies we have found results that 
do not conform to this model but, instead, 
strongly suggest the existence of a third 
component. The present experiment, which 
provided support for a three-component 
model, was originally designed to examine 
the relationship (if any) between pris? 
adaptability and a variety of personality) 
traits. Previous research has evaluat“ 
the "traits" of psychosis and neuros 
(Eysenck, Granger, & Brengelmann, 1951) 
extroversion-introversion (Kottenho^ 
1957), schizophrenia (Ebner, Broekem^ 
& Ritzler, 1971), brain damage (Welch ® 
Goldstein, 1972) and field independent 


~ depende: 


(Melamed, Wallace, Cohen, & 


Oakes, 14:7 In the present study, Ss 
were adr iistered a large battery of paper 
and per. tests in an attempt to expand 
upon th. relatively limited knowledge that 
exists cc cerning individual differences in 
prism ac ptability. 

: In or to show that prism adaptability 
is, itseli. a relatively stable trait, Ss were 
adapte’ to the prism in each of two 
separate sessions. Measures of PS, VS, 
and N^ were taken on all Ss (in each of 


the tw 
to be 
two-co 
adapte: 


esting sessions), allowing the data 
ed to test the adequacy of the 
ponent model. Because Ss were 
twice, it was also possible to 
exami: the “situational effect" for each 
of the ‘hree types of adaptive measure. 
This e: oct is the tendency for S to mani- 
fest a tain amount of adaptation before 
exposure to the prism when returned to 
a situa ion in which he had previously 
been adapted. 


METHOD 


Subjects. One hundred four male and female 
Students, enrolled in an introductory psychology 
Course at the University of Kansas, served as Ss 
in the experiment in order to fulfill a course 
requirement, 

Apparatus and procedure. A base-right prism in 
each eyepiece of welder's safety goggles displaced 
vision approximately 11.3? to the left3 A descrip- 
tion of the major testing apparatus has been pre- 
Sented elsewhere (Welch & Rhoades, 1969). Briefly, 
it entailed a horizontal “occluding board” mounted 
28.6 cm. above a table. On one side of the board 
was a dental impression bite plate used to restrict 
head movements during certain parts of the ex- 
Periment. At the far side of the board various 
visual targets could be displayed. Located 30 cm. 
from S's eyes was a vertically sliding door which, 
When lowered, blocked his view of the targets 
and of E. 

A testing session entailed three phases: preex- 
Posure, exposure, and postexposure. ‘The S’s mouth 
remained gripping the bite plate throughout the 


Eee 


ad In Wilkinson's (1971) study half of the Ss were 
nbOsed to leftward displacement while using the 
Hess hand and half experienced rightward dis- 
pajement using the left hand. The present ex- 
tgitent replicated the first of these two condi- 
Vous. Preliminary studies in which baseeft 

Sms were used in conjunction with the right 


hi 
E and produced results similar to those reported here. 
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testing session except for short rest periods between. 
each of the phases, at which time he kept his 
eyes shut. dn both the pre- and postexposure 
phases 30 trials occurred, during which S demon- 
strated (a) his target-pointing accuracy, (b) the 
felt straight ahead position of his right arm, and 
(c) the apparent visual straight ahead. These 
three types of trials were randomly intermingled 
in an order which was the same for both phases 
and for all Ss. In no case was S provided with 
feedback concerning his performance. On each of 
the 10 target-pointing trials S would reach under 
the occluding board and point with his right index 
finger at one of five luminous letter targets (4, B, 
C, D, or E) in the otherwise dark room. The 
letters were placed perpendicular to S's line of 
vision on the side of a 5.1-cm. high X 51.3-cm. 
long wooden barrier, located at and parallel to 
the far edge of the occluding board. Target C was 
in line with S's midsagittal plane; the remaining 
targets were at 9-cm. intervals on either side. The 
accuracy of target pointing was measured by having 
S curl his right index finger around the far edge 
of the board at the apparent position of the target. 
A thin wire, attached longitudinally to the ventral 
surface of the finger, left a vertical mark in a 
strip of clay which was located along the edge 
side of the board. After each response, the sliding 
door was lowered and the mark compared to a 
metric ruler that paralleled the strip of clay. Each 
of the five targets was localized twice over the 
10 trials. Because of the barrier, S was unable 
to note the accuracy of his responding. : 

On each of the 10 felt limb position trials S was 
required to point, with index finger extended, 
straight ahead of his nose in the completely dark 
room. A thin strip of white tape traversed the 
dorsal side of the index finger and, by using a desk 
lamp, E noted the position of the strip relative 
to the ruler while S kept his eyes closed. 

In the third task 5' positioned a dot of light so 
that it appeared to be directly in front of his nose 
in the otherwise dark room. The light (emanating 
from a penlight) was located directly above the 
It could be moved 
laterally by a motor-driven pulley system which 
S controlled by manipulating a switch with his 
left hand. The starting position of the light was 
varied in a predetermined, nonsystematic manner 
among 10 different locations, 5 to the far right of 
center and 5 to the far left. After a response 
S shut his eyes while E compared the position 
of the light to the ruler. : 

During the exposure phase s wore the prism 
goggles and pointed with his right hand at the 
five horizontally positioned letter targets in the 
same locations as the preexposure targets had been 
presented. The barrier was removed, allowing Sto 
view his index finger at the terminus of each target- 
pointing attempt. With the room lights on, 
S pointed at the targets (in a predetermined 
random order) 30 times, 6 at each target. Error 
correction was allowed only between trials and the 
accuracy of éach response was recorded. Imme- 
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TABLE 1 


Mian NEGATIVE AFTEREFFECT (NA), PROPRIO- 
CEPTIVE Suirr (PS), VisuaL Suirr (VS), PS 
+ VS, anp NA — (PS + VS) For SEs- 
sions I AND II 


Mean shifts (in cm.)* 
Adaptive measure 


Session I Session II 
NA +5.1 +41 
PS +1.6 :pbz 
VS +17 +14 
PS + VS +3.3 3-1 
NA — (PS + VS) +18 +1.0 


Note. Plus signs within the table indicate that the shift was 
in the prism-adaptive direction. 
scores significantly different from zero at .001 level. 


diately after the final prism-exposure trial, S closed 
his eyes, the goggles were removed, and the post- 
exposure phase began. This entire procedure for 
measuring prism adaptation was repeated about 
a week later (Session II).* 

The California Psychological Inventory (CPI; 
Gough, 1957) was administered in Session I (after 
the prism-adaptation measures) to half of the Ss. 
In Session II (again after prism adaptation) these 
Ss were tested on the Trait Anxiety Scale (Spiel- 
berger, Gorsuch, & Lushene, 1968), the Achieve- 
ment Anxiety Test (Alpert & Haber, 1960), the 
Tennessee Self Concept Scale (Fitts, 1965), the 
Internal-External Locus of Control of Reinforce- 
ment Test (I-E scale; Rotter, 1966), and the 
Extroversion Scale (Eysenck, 1965). For the other 
__ half of the Ss the latter five tests were administered 
. in Session I and the CPI in Session II. In each 
Session all Ss were tested before and after prism 
adaptation on the Affective Adjective Check List 
e (Zuckerman, 1960). Including the various scales 
i making up most of these tests, a total of 42 per- 
sonality dimensions were measured. 


RESULTS 


A The pre-post shifts in accuracy of target 
pointing, pointing straight ahead, and 
visual straight ahead represent NA, PS, 
and VS, respectively. Table 1 displays 
the results of the experiment in terms of 
the three forms of adaptation. According 
to ! tests, all three shifts were significantly 


*For 81 Ss the interval between sessions was 
exactly one week; for the remaining 23 Ss it varied 
from 6 to 14 days. In a subsequent examination 
of the results there was no evidence of an effect 
due to the length of interval and, consequently. 
all of the original data were retained for the sta- 
tistical analysis. a 


R. B. WELCH, C. S. CHOE, AND D. R. HEINRICH 


greater than zero (p < .001) i^ each 
session. 

In order to examine the potent: | rela- 
tionship between personality trais and 
prism adaptability, each of th: three 
adaptive measures was summed ac: ss the 
two sessions and correlated with : :ch of | 
the 42 personality scores. The © :come 
was disappointing; of the 120 rc ulting 
Pearson product-moment correlatio: :, only 
12 were statistically significant (.0:) and 
the largest of these (—.30 for ti LE 
scale and VS) accounted for a moe 9% 
of the variance. Therefore, this asi ect of 


the study will be disregarded he. after. 
Also presented in Table 1 are the a!. -braic | 
sum of PS and VS and the di: rence 
between this sum and NA. Th. latter 
residual, which was significantly ferent 
from zero, £ (103) = 8.76, p < .6/ |, and 


t (103) = 5.65, p < .001, for Sessions I 
and II, respectively, indicates tha: NA is 
larger than PS + VS, evidence that fails 
to support the two-component mo: -l. As 
a further test of the model, the co:.-lation 
between NA and PS + VS was cc aputed 
for each session separately. The results 
were +.39 for Session | and +.35 for 
Session II. Both rs are statistically sig- 
nificant (p « .01). Inspection of the scat- 
terplots strongly suggested that these cor- 
relations were low because of 
rather than the presence of a nonlinear 
relationship between NA and PS + VS. 
Nevertheless, trend analyses were per- j 
formed and although they revealed a sta- 
tistically significant (.05) quadratic 
component for the Session II (but not 
Session I) data, it accounted for only 5% 
of the variance. Thus, it appears justified 
to conclude that the relationship between - 
NA and PS - VS is best described a 
relatively nonpredictable. 7 
A two-way analysis of variance (Session 
X Type of Adaptation) produced signifi- 
cant Fs for session, F (1, 103) = 13.34 
p < .001; type of adaptation, F (2, 206) 
= 167.25, p < .001; and the interactiow 
F (2, 206) = 8.82, p < .001. It is aP 
parent from Table 1 that the main effect® 
for session and the interaction both result 
from the fact that NA declined betwe® 
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| Ficu RI Mean preexposure accuracy of target 
Pointing, nting straight ahead, and visual 
- straight al for Sessions I and II. 
3 
- Sessions | -nd II, while neither PS nor VS 
changed «ppreciably. 

A secordary aim of the study was to 
E toe “situational effect" for each 
Jof the tiree prism-adaptive measures. 
This effect would be revealed as a prism- 

adaptive siift in the preexposure measures 
between Sessions I and ll. Figure 1 
. Presents the preexposure measures for both 
Sessions. By means of ¢ tests for cor- 
related means, the two sessions were com- 


Pared on preexposure accuracy for each 
task separately. Both target pointing and 
Visual straight ahead measures revealed a 

Significant difference between sessions in 

. the direction representing an adaptive 

p Shite for Session II, 4 (103) = 6.32, $ 

. < .001, and, £ (103) = 3.32, p < .001, for 
target pointing and visual straight ahead, 

| espectively, These shifts represent the 
ational effect. The difference between 

; Tu two sessions on the pointing straight 

4 thead measure was not significant, £ (103) 

1 Eh > .05. The Session I-Session II 

Shifts in preexposure accuracy were sub- 

E to a Treatment X Ss analysis of 
Ene in order to compare the three 

effe. 3 with respect to amount of situational 

ni z manifested. The results proved sig- 

. Kant, F (2, 206) = 10.83, p < -001. 
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Newman-Keuls tests revealed that all 
three measures differed significantly from 
each other. 


Discussion 


Contrary to the predictions of the two- 
component model, NA proved to be signifi- 
cantly greater than PS + VS in both sessions 
and the correlations between NA and PS 
+ VS, while statistically significant, were not 
high, The obvious conclusion is that a third 
component of prism adaptation, a component 
that is neither proprioceptive nor visual, was 
elicited in the present situation. It is not 
entirely clear what the necessary conditions 
are for producing this “new” component. In 
both the present study and that of Wilkinson 
(1971) Ss were allowed error-corrective feed- 
back and exposure was of the “terminal” 
variety. One difference which may be im- 
portant is that the order of postexposure 
measures was randomized in the present study, 
while in Wilkinson's experiment the order for 
all Ss was VS, PS, NA. If one assumes the 
occurrence of a certain amount of spontaneous 
decay of prism adaptation (e.g., Hamilton & 
Bossom, 1964), it could be argued that the 
magnitude of NA was underestimated in 
Wilkinson’s study, thus concealing the third 
component. Another possibly important dif- 
ference is that prism exposure responses were 
relatively “massed” (40 responses/2 min.) by 
Wilkinson, while they were "distributed" 
(30 responses/5 min.) in the present experi- 
ment. Choe and Welch (1974) found that 
the two-component model correctly predicted 
the prism adaptation manifested by massed- 
practice groups, while the three-component 
model held when practice was distributed. 

Assuming the reality of the third com- 
ponent, one may speculate as to its nature. 
It is proposed here that this component rep- 
resents an assimilated  error-corrective 
response. That is, because S experiences 
target-pointing errors during the initial trials 
of the prism-exposure period, he quickly 
learns the appropriate corrective response, 
With practice this new eye-hand coordination 
becomes "automatized" and hence, upon re- 
moval of the prism, adds to VS and PS to 
determine NA. Support for the hypothesis 
that the third component is a learned visuo- 
motor response comes from the tentative 
finding (Choe & Welch, 1974) that it is 
elicited only when practice is distributed. 

A secondary observation of the present 
study was tle existence of a situational effect. 
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4 That is, upon entering the testing situation 
"for the second time, but before exposure to 

the prism, S demonstrated a prism-adaptive 
` shift in target pointing and visual straight 

ahead. Similar findings of situationally con- 
ditioned prism adaptation have been reported 
by Kravitz (1972a, 1972b), Uhlarik and Canon 
(1970), Welch (1971), and Wooster (1923). 
It is of interest to' note that the target- 
pointing measure displayed by far the greater 
conditioned shift, which, according to the 
present analysis, indicates that it was pri- 
marily the third component that was asso- 
ciated with (and later induced by) the testing 
situation. This conclusion fits well with the 
notion that this component represents a 
learned response tendency. A subsequent 
examination of the postexposure measures of 
target-pointing accuracy revealed no difference 
between the sessions. Consequently, the sig- 
nificant decline in NA between sessions is due 


that there exists an upper limit on the amount 
of NA possible. This result suggests that in 
studies of prism adaptation entailing repeated 
exposure periods it is advisable to provide S 
with a “deconditioning” period of normal 
visuomotor experience with visual feedback, 
prior to taking the preexposure measures, 

It may be concluded from the results of 
the present investigation that under certain 
circumstances the end products of prism 
adaptation may be described by means of a 
! three-component model. If the current anal- 
ysis is correct, the necessary (but possibly 
not sufficient) condition for eliciting the new 
.  response-learning component is the presence 
1 during the prism-exposure period of error- 
= corrective feedback and the opportunity to 

practice the new visuomotor response; if there 
IS no target (e.g., Held & Gottlieb, 1958), the 
. two-component model should apply. Studies 
|. are underway to examine this prediction. 
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HOW FREQUENCY AFFECTS RECENCY JUDGMENTS: 
A MODEL FOR RECENCY DISCRIMINATION ' 


ARTHUR J. FLEXSER anp GORDON H. BOWER ? 


Stanford University 


Previous evidence that repetition of an item in a list enhances that item’s 
recency relative to other items has been interpreted as favoring a memory 
strength theory of recency discrimination. However, serious doubt has been 
cast upon the validity of the strength theory by experiments such as that of 
Hintzman and Block, which instead favor a multitrace representation for 
repetitions of an item. The present experiments test two plausible interpreta- 
tions of the effect of frequency on relative recency judgments.’ The first, that 
low frequencies result in poor recognition memory, hence poorer recency dis- 
crimination, is discounted in Experiment I, which still found sizeable frequency 
effects on relative recency judgments even when considering only recognized 
items. A multiple-trace theory of contextual time tagging was then proposed to 
account for the effects of event frequency on subjective recency. Experiment 
Il, which collected event frequency as well as relative recency judgments, 
yielded data which were fit quantitatively by the multiple-trace time tagging 
theory. It was found, too, that relative “distance” judgments were not 
psychologically symmetric to relative recency judgments—a result not pre- 


| 


dicted by the time tagging model. 


How does one judge how long ago an 
event took place? If the event is in the 
distant past, the process very likely in- 
volves relating the event to one or more 
temporal "mileposts" which may be as- 
signed a date more or less directly, such as 
one's high school graduation. The event 
of unknown recency is ordered with respect 
to the known event by an inferential proc- 
ess, using the fact that if B resulted from 
A, then B followed A, 

This explanation does not lend itself well 
to explaining how people can judge accu- 
rately the recency of unrelated events 
.. Which occur in haphazard order over short 
periods that contain very little in the 
way of temporal landmarks (e.g., the order 
of arrivals for a concert or lecture). Ex- 
periments involving judgments of recency 
for stimulus items in a relatively homo- 
geneous list provide examples of such a situ- 
ation. Several investigators (e.g., Fozard 
& Yntema, 1966; Hinrichs, 1970; Morton, 
1968) have proposed memory strength 
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theories for such recency judgments. Al- 
legedly, recency is judged on the basis of 
the present strength of a decaying memory 
trace that was established at a st»ndard 
initial value at its time of formation. A 
corollary to this view is that multipi« oc- 
currences of the same event will incre; ent 
a single cumulative strength. Thus, re- 
peating an item in a list should make that 
item seem more recent than its neighbors. 
Fozard and Yntema (1966) and Morton 
(1968) have reported results showing that 
frequency does, in fact, have a small but 
significant effect on comparative recency 
judgments. 

In both experiments, S judged which of 
two items, denoted here as A and B, he 
had seen more recently. If an item had 
appeared more than once, S was to con- 
sider only its most recent appearance in 
making this judgment. Three repetition 
paradigms were used, to be denoted as AB; 
AAB, and ABB. Here AAB, for example 
is to be interpreted as Item A having tw? 
separate presentations in the list prior t9 
the single appearance of Item B. hes? 
experiments yielded the highest percentage 
of correct responses (saying "B more rè / 
cent") in Paradigm ABB, followed by AP! 
followed by AAB, as predicted by a strength 3 


Repetition of an item added be- 
and .10 to that item's probability 
judged the more recent. 


theory 
tween .: 
of bein 


The . »ove results are consistent with a 
cumula .ve strength theory; however, they 
happer not to be discriminating because 
they c . also be shown to be consistent 

_ with a |. ultiple-trace hypothesis, which as- 
sumes iat repetition of the same event 


results n separate memory traces (rather 
than strengthening of a single trace). 
In thi: multitrace" view, the trace cor- 
respon ng to each separate presentation 
of an «m will be considered to have its 
own “i ‘ne tag” enabling estimation of the 
recenc of that presentation. This frame- 
work not specify the exact nature of 
the hy ietical time tag. One possibility, 
discuss’ by Hinrichs (1967), utilizes the 
idea « trace undergoing autonomous 
decay, «© in the strength theory, but with 
the stipi 'ation that repetitions of the same 
event io not accumulate in a common 
Strength measure, but rather remain as 
' distinct! separate measures. A somewhat 
differen: view identifies a recency judgment 
for an event with a judgment of the dura- 
i tion inte: vening between the event and the 
| the present. Hinrichs (1967) discusses a 
- learning model embodying this notion, in 
which recency judgments are derived from 
- 8 scaled-up count of remembered interven- 
ing items. A contributory factor to either 
of these ‘“‘time-telling” mechanisms might 
: be information retrievable from the mem- 
- ory trace regarding the cognitive environ- 
ment or context surrounding the test item s 
earlier occurrence (see Anderson & Bower, 
1972). For example, Hintzman, Block, and 
Summers (1973) have demonstrated that 
Ss in multilist experiments retain informa- 
tion regarding whether an item was pre- 
Sented near the beginning or the end of a 
list, even when they have mistakenly as- 
Signed the item to an incorrect list. This 
I5 but one demonstration of how contextual 
Cues might be implicated in the time- 
tagging process. à 
Nhatever the mechanism, there is ex- 
| Petimental evidence that separate recur- 


| hes of an item result in separate, 
1 Mhinteracting time tags. Hintzman and 
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Block (1971) required Ss to give absolute 
recency judgments for both presentations 
of twice-presented items. It was found 
that first-presentation recency judgments 
were unaffected by the recency of the sec- 
ond presentation, and vice versa. Clearly, 
this result is incompatible with the idea 
that repetition of an item increases a 
common strength measure on which later 
recency judgments are based. 

In the light of this evidence, one is 
motivated to look for an alternative (i.e., 
"non-strength") explanation of the effect 
of frequency upon recency judgments. 
One possible explanation attributes the 
effect to recognition failures. If S is asked 
to compare the recency of two items but 
fails to even recognize one of them, he will 
surely choose the other as the more recent 
item. Since recognition failure is less likely: 
for doubly presented items than for singly 
presented ones, this "recognition artifact" 
could cause doubly presented items to be 
judged on the average as more recent than 
singly presented ones. This would explain 
the weak effect found in the Morton (1968) 
and Fozard-Yntema (1966) experiments. 

To test for this possible interpretation, 
an experiment was performed similar in 
design to the Morton and Fozard-Yntema 
studies. However, Ss were asked to make 
comparative recency judgments only when 
they recognized both test items, thus elimi- 
nating the effects of nonrecognition. Both 
words and nonsense syllables were used as 
stimuli so as to observe these conditional- 
ized recency judgments under conditions 

f both high and low recognition. 
a The pectic also included a BAB 
paradigm in addition to the AB, AAB, and . 
ABB paradigms which had been employed 
in the earlier studies. 


EXPERIMENT I 


Method 


Subjects. Thirty-seven paid Ss, 26 females and 
11 males, were recruited by newspaper advertise- 
ments from the Palo Alto area. All were between 

f 16 and 30 yr. 
riri and DATE Four lists of words and 
four lists of nonsense consonant-vowel-consonants 
were prepared. The words were selected on the 
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basis of high imagery value from a list of nouns 
compiled by Paivio, Yuille, and Madigan (1968), 
and the nonsense syllables were selected for low 
meaningfulness from the Krueger list reprinted by 
"Underwood and Schulz (1960). The nonsense syl- 
lables within each list were also selected to minimize 
acoustic and visual similarities. 

All materials were presented on slides by means 
of a Kodak Carousel projector. An electronic 
timer controlled the presentation rate. 

Design. Each list was 34 items long and con- 
tained two examples of Paradigms AB, AAB, BAB, 
and ABB. In the AB paradigm, Items A and B 
were separated by 3 intervening items. In the 
other three paradigms, the spacings were 2 inter- 
vening items between the first and second members 
of the triplet and 3 intervening items between the 
second and third. Each list also contained 2 singly 
presented and 2 doubly presented items which were 
included for later recency comparisons with non- 

- presented "catch" items. Three buffer items were 
included at the beginning and at the end of each 
list and were not tested. 

After 19 (about half) of the Ss had been run, the 
within-lists ordering of the items in each list was 
changed to minimize list-position effects that might 
favor one paradigm over another. Also, repeated 

- words in the initial lists were made single-presenta- 
tion words in the rearranged lists, and viceversa. 

All items were viewed at a 2-sec. presentation 
rate. At the end of each list, Ss wrote answers to 
14 test questions. The questions referred to test 
slides consisting of two items. The test phase of 
the experiment was S-paced in that the experi- 

- menter would present a new question slide when 
all Ss had finished the previous question (about 10 
sec. per question). 


daa lac e 


Procedure. The Ss were tested in groups of from 
4to12. Each S was tested on all eight lists. Two 
different types of test form were used: In one, Ss 
_ made comparative recency judgments; in the other, 

Ss made absolute recency judgments of both test 
words. Each S used one of the two forms for his 
first four lists, and the other for the remaining four. 
E Immediately prior to List 1 and to List 4, Ss were 
given practice trials, consisting of 20 study items 
and 6 test questions, in order to acquaint them with 
- the test form they would be using for the subsequent 
— four lists. 
On the comparative recency form, Ss indicated 
-. whether or not each of the two items shown on the 
. current test slide had been presented and gave a 
3 confidence rating of 1 to 3 (3 being highest) if they 
said that it had been presented. If and only if 
they had said that both items had been presented, 
they then chose the more recently presented item. 
On the alternate type of test form, Ss made list- 
position judgments on a scale of 0 to 100, with 0 
denoting the beginning of the list and 100 the end. 
A line numbered by 10s from 0 to 100 was included 
at the top of this form to aid Ss in visualizing their 
choices. The Ss indicated the number of times each 
item had appeared (Ss had been instructed that this 


Pe 


ARTHUR J. FLEXSER AND GORDON H. BOWER 


could only be zero, one, or two), and gav position 
judgment for each appearance. A later  -rsion of 
this form, used by the last 18 Ss, requir: ` a confi- 
dence rating corresponding to each posi: on judg- 
ment. The Ss were instructed that this | - fidence 
rating reflected their assurance that the it had ap- 
peared on the given occasion, rather than e accu- 
racy with which they felt they could i ~ porally 


locate the appearance. 


The ordering of the 14 test questions each 


list followed roughly the order of the stuc items, 
thus approximating a constant interval tween 
study and test for each item. Since test ite s took 
longer than study items, this approximation is à 


crude one. 


Results and. Discussion 


Comparative recency dala. The pr por- 
tion of correct recency choices for : -og- 
nized pairs for each paradigm is shov a in 
Table 1. The numbers in parent ses 
following each proportion are the nun. ers 
of observations. Since comparative rec: ncy 
judgments were made only when both items 
were recognized, the nonsense data, which 
had a lower rate of recognition, have {ewer 


observations than those for words. 
The strength theory predicts the order- | 
ing ABB > BAB > AB > AAB, in erms 
of the proportion of correct recency ,.dg- 
ments in each paradigm. The Tal le 1 
data for words show a significant linear 
trend in this ordering, ¢ (36) = 3.32, p < 
-01, computed by deriving a slope for each 
S, using the arcsine-transformed proportion 
correct in each paradigm. The observed 
ordering was identical to the predicted 
except that the expected relationship BAB 
> AB failed to occur; the difference be- | 
tween these two paradigms was not sig- 
nificant, ¢ (34) = .11, using the same | 
method as described above. 

For nonsense syllables, none of the para- 
digms yielded proportions differing signifi- 

TABLE 1 


PROPORTION OF CORRECT RESPONSES AND NUMBER 
OF OBSERVATIONS (IN PARENTHESES) 


Paradigm Words Nonsense syllables 


AB 

AAB 
BAB 
ABB 


-700 (110) 
479 (119) 
.675 (120) 
4135 (117) 


-580 (81) 
.512 (82) 
-593 (86) 
A81 (79) 


| 


ı the chance level of 50%. (The 
indard deviation of the propor- 
ibout .055.) 


cantly f 
average 
tions w: 


Since vne of the nonsense syllable para- 
digms s! wed recency discrimination above 
the ch: level, no significance should be 
accorde the ordering of these proportions. 
The al: lute recency judgment data, to 
be pres. ted later, also show that recency 
discrim ation for nonsense syllables was 
practic. iy nil in this experiment. 

The ord data show that frequency still 
influe: recency even when the previ- 
ously ussed influence of nonrecognition 
has b eliminated by requiring Ss to 
recogi both test words before making a 
comp: ‘ive recency judgment between 
them ving eliminated the possible non- 
recog n artifact, we conclude from 
Expe: it I that there is a "real" fre- 
quenc. ect upon recency judgments. 

The «istence of the frequency effect 
present an apparent theoretical contra- 
diction. This effect has in the past been 
taken ;.: evidence in favor of the strength 
theory of recency judgments. Yet power- 
ful independent evidence, such as that 


provided by the Hintzman and Block 
(1971) experiment, exists in favor of a 
multitrace model, which is inconsistent 
with the strength theory. 

This unsatisfactory state of affairs leads 
us to propose a different explanation for 
the effect of frequency on recency. We 
shall adopt the multitrace viewpoint, with 
the additional assumption that the time 
tagging process is subject to a certain 
amount of random "noise." Thus, when 
S retrieves a time tag from an event and 
Uses it to arrive at a subjective recency 
estimate x, this estimate will not be cor- 
related perfectly with the actual recency 
of the event, Rather, we will assume that 
for a fixed actual recency, x will have a 
Probability distribution about some central 
Value i. Therefore, two events which are 
relatively close together in time, so that 
their x distributions overlap, will not al- 
. Ways be perceived as having occurred in 
~ the correct order, even if S has retrieved a 


E 

time tag (of imperfect accuracy) for both. 
a 

E 


Let x, and x; denote the perceived recency 
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values for two events, A and B, where B 
follows A as in the AB paradigm of Experi- 
ment I. (We assume for the moment that - 
S has succeeded in retrieving a time tag 
for both events—a situation which is not 
always the case.) Also, let fi(x) and fa(x) 
denote the probability density functions, 
associated with these two judgments. If 
greater values of x are associated with more 
recent events, then we may write: 


p(B judged more recent than A) 
= plr: x) 


+o \ 
= [Thone — ny 
where (x) denotes the cumulative dis- 
tribution function of x;. 

When there are three x distributions 
involved, as is the case with the triplet 
paradigms AAB, BAB, and ABB, Equa- 
tion 1 may be generalized as: 


p item from distribution i judged most 
recent) = p(xi > x; and xi > xx) 


z f ** FRAG. Ha 


where we arbitrarily denote the three sub- 
jective recencies as Xi, Xj and xy. If the | 
three x distributions were known, this equa- 
tion could be used to predict the proportion - 
of correct responses in the three triplet 
paradigms. For example, the probability 
of incorrectly choosing Item A as most 
recent in the BAB paradigm is equivalent . 
to the probability of choosing the item from 
Distribution 2 as most recent. 

It may also be shown that the model 
predicts the ordering ABB > BAB > AB 
> AAB in terms of p(correct) in each 
paradigm.® This ordering is identical to - 
that predicted by the strength theory and 
is also consistent with the results for words 
in Table 1. In intuitive terms, the model 
holds that the frequency effect is a conse- 
quence of the fact that in Paradigm AAB, 


Ree. cae ee ur 
3 This ordering rests on the assumption that dis- 
criminability between Distributions 1 and 2 is 
comparable to that between 2 and 3, and that A and. 
B in the AB paradigms are of recencies correspond- 
ing to Positions 2 and 3 in the triplet paradigms. 
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_ S must successfully distinguish that B was 
^ more recent than both As, whereas in 
Paradigm ABB it is sufficient that S realize 
that either B followed the A. 

'The above ordering was derived under 
the assumption that a time tag was re- 
trieved for each presentation of Item A and 
of Item B. Although S was required to 
recognize A and B before making a recency 
judgment in Experiment I, this does not 
ensure that a time tag was always re- 
trieved. Even given a recognition response, 
this retrieval assumption could still be 
wrong in two types of circumstances. 

First, S would be able to claim recogni- 
tion even if he retrieved only one tag for 
a doubly presented item. The model pre- 

- dicts that cases of this type will result in 
. a general weakening of the predicted fre- 
quency effect (i.e., to the extent that only 
| one tag of a doubly presented item is 
retrieved, the condition theoretically be- 
comes like AB), In Experiment II, to be 
described, frequency estimates for Items 
A and B were taken in order to help us 
identify test situations of this type, where 
d ‘we adopt the viewpoint that a frequency 
: estimate reflects the number of tags re- 
3 


- trieved for that item. 

The second case that violates the time- 
_ tag retrieval assumptions results from false 
recognitions, In Experiment I the false 
recognition rate was .15 for words and .47 
for nonsense syllables. We attribute such 
false alarms to the faulty retrieval of a 
random but inappropriate context tag due 
to confusion of the test stimulus with 
similar stimuli presented earlier. Presum- 
ably, S arrives at a “perceived recency” 
estimate for such falsely recognized items 
just as he does for an item with a correctly 
retrieved tag.. This process will affect not 
only the new (catch) items but can also 
contaminate recency judgments for pre- 
sented items, resulting in some intrusions 
of recency values drawn from inappropriate 
distributions, 

Both of these cases in which the retrieval 
assumption is not valid would be expected 
to occur much more frequently for non- 
sense syllables than for words. Therefore, 
in retrospect, it is understandable that the 
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now 1 


cency. 
o the 
ed by 
the fact that the study-test inter | was 
constant only to within a very ro: h ap- 
proximation. Experiment I] was c. igned 
to remedy this defect as well as to m: imize 
the problems caused by failures the 


nonsense syllable data did not 
retrieval assumption. Before des ibing 


consistent effect of frequency on 
The applicability of the mode! 
data of Experiment I is also viti 


this experiment, however, we will p: -sent 
some brief results from the absolute ri 
judgment task of Experiment I. 
Absolute recency data. Figure 1 : 
the relationship between recency judgi: ents 
and list position for words which vere 
presented once and for which a - gle 
recency judgment was given. These j- dg- 
ments were made on a scale of 0 to 00, 
with 0 denoting the beginning and 100 the 
end of the study list. Recency discrimina- 
tion, as measured by the slope of the re- 
gression line, was significantly better for 
words than for nonsense syllables, / (1,496) 
= 5.90, p < .001. The mean recency 
judgment for words (52.0 on a scale of 
0-100) was slightly but significantly g "cater 
than that (48.5) for nonsense syllables, d 
£ (1,498) = 2.56, p = .01. Although the 
regression coefficient for the nonsense syl- 
lables was significantly different from zero, ' 


t (656) = 5.72, p < .001, recency discrimi- 


ncy 


nation for nonsense syllables was very poor 
in this experiment, One demonstration of 
this is that the increase in mean judged 
recency between the first and last positions 
tested was only about 7 points—from 44 
(Position 2) to 51 (Position 33). 
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FiGURE 1. Mean judged recency as a functio? 
of list position for words. (Dotted line corresponds | 
to correct judgments.) 
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QUARTER OF LIST 


FiGURE 2 can judged recency for high- and low- 
| con e words and nonsense syllables. 
_ We pr pose that most of this difference 
in rece: liscriminability between words 
and non» nse syllables is attributable to 
differing amounts of contamination by 
false ala which arise from generalization 
errors—i!.it is, by confused retrieval of a 
tag other than the correct one for the test 
item. Tis view implies that recognition 
performance and recency discrimination 
for different types of stimulus items should 


be closely associated. Data reported by 
Fozard and Weinert (1972) support this 
view. In their experiment recency judg- 
ments for pictures and for nouns were 
compared, with results closely resembling 
the relationship found in our experiment 
between words and nonsense syllables. 
That is, the stimulus material (namely, 
Pictures) that had the better recognition 
rate also showed the stronger dependence 
pol judged recency upon actual recency. 
Similar considerations lead to the pre- 
diction that recency discrimination will be 
Superior for items recognized with high 
.. confidence since false alarm contamination 
should be low in such cases. Figure ? 
Shows recency judgments separately for 
| items assigned high- and low-confidence 
ratings in Experiment lt. These are plots 
for items which were presented once an 
m 


pi, Ihe high- and low-confidence items shown in 
pue 2 are those which were assigned confidence 

ings of 3 and 1, respectively- The results from 
i Lrated items are omitted for clarity. They lie 
generally between the 1- and 3-rated items; and are 


Mtermediate in slope. 
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for which a single recency judgment was 
made. The list positions have been cate- 
gorized into first through fourth quarters. 
for these graphs. 


The slope for the high-confidence items d 


was significantly greater than that for the 
low-confidence items, both in the case of 
words, ¢ (240) = 2.49, p < .02, and in the 
case of nonsense syllables, ¢ (192) = 2.22, 
p < .05. Mean recency judgments in all 
categories were close to 50 (on a scale of 
0-100), with no significant differences 
observed. 

The data presented in Figure 2, while 
consistent with our model, serve to rule 
out the plausible a priori hypothesis that 
recency judgments and confidence ratings 
are derived from a common underlying 
dimension. These data show that stimuli 
recognized with a high degree of confidence 
are not judged to be more recent than 
their low-confidence counterparts; rather, 
it appears that high confidence is associated 
with greater accuracy of the recency judg- 
ment, whether it be long or short. 

Catch items that were erroneously given 
a frequency judgment of one were assigned 
mean recency judgments of 39.2 and 48.2 
for words and nonsense syllables, respec- 
tively. The difference between these two 
means is significant, / (185) = 2.04, p < 
.05. This difference has several interpre- 
tations, but the data are insufficient to 
dwell upon the matter. 


EXPERIMENT ll 


Experiment II was designed to provide 
a quantitative test of the model's Success 
in predicting comparative recency judg- 
ments for words under steady-state condi- 
tions. This experiment obtained frequency 
judgments for each pair of test items as 
well as comparative recency judgments, so 
that data from the recency task could be 
conditionalized upon frequency judgments. 
(In Experiment I, comparative recency 
judgments had been accompanied only by 
a judgment of whether the items were new 
or old.) 


A second 
investigate performance In a com 


aim of Experiment Il was to 
parative 
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distance task, in which Ss were asked to 
choose the more distant item rather than 
the more recent. The reasoning which 
predicted the ordering ABB > BAB >AB 
> AAB in terms of proportion of correct 
responses in a comparative recency judg- 
ment task predicts just the reverse ordering 
of conditions if the task of choosing the 
more distant item is just the converse of 
choosing the more recent item. 


Method 


Subjects. Forty-three Ss, 24 females and 19 
males, ranging in age from 18 to 31 yr., participated. 
The Ss were either paid for their participation or 
received course credit. 

Materials and apparatus. Three lists of words 
were prepared, using nouns of high imagery value 
selected from the list compiled by Paivio et al. 
.. (1968). 

All materials were presented on slides by means 
of a Kodak Carousel projector controlled by an 
‘electronic timer. 

— Design. Each list was 240 slides in length and 
- contained seven examples of the AAB, BAB, and 
_ ABB paradigms, nine examples of singly presented 
- words which were tested against catch (nonpre- 

sented) items, and six examples of doubly presented 

words which were tested against catch items. In 
addition, two different AB paradigms, differing in 
their interitem spacings, were used. One spacing 

corresponded to the long spacing between Item 1 
. and Item 3 in the triplet paradigms (AAB, BAB, and 
_ ABB); the other corresponded to the short spacing 

between Item 2 and Item 3, which was made equal 

to the spacing between Item 1 and Item 2. Each 
list contained eight examples of the ABs paradigm 

(ie, Paradigm AB using the shorter of the two 
- intervals), and nine examples of the AB, paradigm 

(the longer interval). Each list also contained 17 

- filler items which were never tested; these included 

6 buffer items placed at the beginning of the list. 

The 1-2 and 2-3 intervals in the triplet paradigms 
F both contained 5 intervening items, and the study- 
_ test interval in all cases was 20 items, as measured 

from the last item in the paradigm, The numbers 
_ of items intervening between A and B in the ABs 

and AB; paradigms were 5 and 11, respectively. 

All of these intervals were allowed to very within 

Æ1 of the specified lengths in order to simplify 

construction of the lists. In measuring these inter- 

vals, test questions, consisting of a test slide fol- 
lowed by a blank slide, were counted as 2 items. 

All three lists had the same structure, except that 
the positions of the AAB, BAB, and ABB paradigms 
were rotated from list to list. The order in which 
the three lists were presented was counterbalanced 
across Ss, 

Procedure. The Ss were tested in groups of be- 
tween 2 and 12. Each S was tested on all three 
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lists. Data from one list had to be disc «ded for 6 } 
Ss due to equipment failure during testi | 

The Ss first read instructions for the -periment 
which specified that no item would a: car more 
than twice, that repetitions would alwa, »e within - 
a dozen items of one another, and thu’ Ss would | 
never be tested on any item older than g of 30. 
They were then tested on a practice list © -nticalin | 
structure to the experimental lists, bu: nly one 
slide tray in length rather than three. 1 © rate of 
presentation was 4 sec. per slide. This ra: allowed 
8 sec. for answering the test questions, s. -e each | 
test slide was followed by a blank slide. 

Half of the Ss were instructed to choose ` e more 
recent item during the practice test, while : © other 
half chose the more distant item. There: ‘er, Ss 
alternated between the two tasks over su cessive 
lists. 

The Ss wrote their answers; each questio: called 


for a frequency judgment for each of the tw items 
presented on a test slide and a comparative > cency 
(or comparative distance) judgment betw: n the 
two items. The Ss made the recency or d. tance ' 
judgment only if they had assigned a nonzc.o fre- 
quency to both items. 
Results and Discussion 

Recency judgments. The proporticns of 
correct recency judgments in the various 


paradigms are shown in the first column 
(Cı) of the left half of Table 2. As pre- 
dicted by the model, these proportions are 
ordered AAB < AB « BAB < ABB, 
showing a clear effect of event fre:juency 
upon recency judgments. 

Since a goal of Experiment II is to pro- 
vide a quantitative test of the model, we 
must now deal explicitly within the model 
with the problem of retrieval failures, i.e, 
the idea that S may or may not retrieve à 
time tag corresponding to each presenta- 
tion of each item. We will argue below 
that the effect of such retrieval failures 
can be greatly minimized by the simple 
procedure of examining only those com- 
parative recency judgments made after 5 
first judged the correct frequency for both 
items being compared. 

In the foregoing, we have been consider- 
ing a time tag as one attribute of the 
distinct memory trace left by each presen- 
tation of an item. We will assume in what 
follows that S's frequency estimate for a^ 
item provides a count of the number of 
memory traces (and their associated time 
tags) he has retrieved for that item. (Fo 
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TABLE 2 


PROPO] 
OPORTION OF CORRECT RESPONSES IN EIGHT FREQUENCY PARADIGMS 


ig equals the number of false alarms 
fort at item. We now show that such 
d Ed circumstances are very unlikely 
e data of Experiment II. 
fos Experiment II Ss made correct. fre- 
TM estimates for 74% of all items. 
Teaso E of accuracy suggests that a 
bilit nable maximum value for the proba- 
5%. 9r missing a trace would be about 
i oe a similar maximum may be inferred 
deu probability of generating à false 
P T the probability of a 
Counte; rsen estimate due to one miss 
at mo. * alancing one false alarm would be 
ility SE (25), or about .06. The proba- 
ing an more than one miss counterbalanc- 
More pone number of false alarms is even 
egligible. 


Recency judgments Distance j 
Paradigm j> iri 
No. of M 
observations} ©? uc P SER 
= : = n: = observations Ci | observations = a is 
AR : ps Y ay .614 | .526 380 546 315 
NA : Eu E ` 45 .654 | .580 417 588 352 
BAB | 368 | .689 5s || 9 36 $4 | 2 
; : " : : 204 
m ^| p 
ABB. T 124 .536 495 101 
: 97 | 598 | 524 | 105 
Note. Abbr <: Cı = conditionalized upon Ss recogniz : 
de t s upon Ss ing both A and B; C: = 
ME ea aaa Siar Are seas t 
ee this imption must rest on its in- Thus, if we use only those data uo 
Hips : D forthcoming paper con- Experiment II in which S made correct 
d E ncy discrimination will pre- frequency judgments for both items being 
oe favoring this interpretation.) compared, we can expect the retrieval - 
Mur etrieval assumption of the assumption. to be satisfied in all but an 
Sec arida by two types of small fraction of cases. The proportions - 
ice E. cussed earlier. In the first of correct recency judgments in each para- - 
ied to retrieve a memory trace digm, subject to this conditionalization, jt 
(m ed with the test stimulus, while in constitute the first five entries in Column | 
Em pe he retrieves an irrelevant. -Ca ob Table 22 The cohditionalizati one 
BR ry trv. We will refer to these two upon correct frequency judgments mor 
rdg as misses and false alarms, respec- than doubles the apparent magnitude of 
tively. If S makes a correct frequency the frequency effect, as measured by the - 
en for an item, the only instances difference in proportion of correct recency 
P which the retrieval assumption will be judgments between the best and wors 
correct are those in which the number of paradigms. 1t is these conditionalized 
‘use to test the quanti- 


data which we will 
ns of the model, neglectin: 


the effect of the relatively rare failures 0| 


paradigms for 


of one to both 
notation 
these cases; the 


cency judgments 1n 


the last three 
Table 2. 


tions we assume 


tive recencies can 


as to make all 


ect responses in the triplet 
those cases in which S has. 


ssigned frequency judgment: 


Quantitative test. To generate predic- 


items. We will use thi 


proportions of correct re 
in these cases constitute 
entries in Column C2 of 


that the x scale of subjec- 
be set up in such a way 
distributions normal with 
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equal variance. We may also normalize 
the scale so that variances are equal to 
unity, and choose the zero point at 7, the 
mean of the distribution corresponding to 
the earliest (farthest back in time) of the 
three recencies used. On this scale, we 
denote the means of the x» and x; distribu- 
tions as z; and zz, respectively. These two 
parameters are free variables which are 
estimated in order to fit the C; proportions 

of Table 2. 

In calculating the probability of a correct 
"response in paradigms AAB,, BAB,, and 
- ABB, in which A and B have both been 
assigned frequencies of one, we have as- 
sumed that S is equally likely to have for- 
|. gotten either of the two presentations of 
_ the doubly presented item. The missing 
trace leaves S with the functional equiva- 

nt of either AB or BA. Therefore, the 
` probability of success in each of these 
paradigms may be obtained by averaging 
- the probabilities of choosing B as the more 
. recent in each of the two equally probable 
sequences that can result from missing one 
trace of the repeated item. 

Values of the parameters sı and z, were 
calculated iteratively to provide a mini- 
mum X? fit to the C, recency data. The 
predicted values of p(correct) for each 
paradigm are given in Column P on the 
left side of Table 2. The best fit was ob- 
tained with zı = .150 and z = .559, yield- 
- ing an insignificant X*(6) = 9.03, p > .15. 
- These best-fitting parameter values are 
somewhat questionable, however, since they 
Suggest that the discriminability between 
Positions 2 and 3 (2. — 1) is much superior 
to that between Positions 1 and 2 (21), 
despite the fact that Positions 1, 2, and 3 


interval becomes larger (Hinrichs, 1967). 
present experiment, where the study-test interval 
_ was appreciably greater than the interitem intervals 


In the 


within each Paradigm, we expect that the variance 
of subjective recency estimates will not depend 
heavily on whether an item appeared in Position 1, 
2, or 3. To the extent that these variances are 
position-dependent, the model will compensate by 
compressing the x-scale at the longer delays. 
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were equally spaced lags in the teady- 
state task. Fortunately, this is not a 
serious defect of the model, since satis- 
factory fit to the data can be ieved 
with s values that conform more  !osely 
to prior expectations. For examp! | if we 
require that s — sı = sı (equal s; cing), 
the value sı = .295 yields X? (7) 13.5, 
which is not significant at the .0: level, 


So a range of reasonable pairs oí ^, s 


values will fit the observed proport as of 
correct responses in the recency jud. nent 
task fairly well. 

Distance judgments. The data fro: the 
distance judgment task are shown i the 
right half of Table 2. Qualitatively, ese 
data are in accord with the model. he 
paradigms are ordered in the re rse 


fashion from the recency data, as expe. ed. 
Also, conditionalizing upon correct ire- 
quency estimates (Column C+) enha: ces 
the size of the frequency effect, as was the 
case with the recency judgments, 

The model clearly does not give an +de- 
quate quantitative account of these dis- 
tance judgments. The values of sı and s: 
estimated from the recency data pr. vide 
a very poor fit to the distance data (see 
Column P). Moreover, no other values of 
these parameters can provide an acceptable 
fit. The reason for this failing lies in the 
fact that distance judgments do noi seem 
to be the exact psychological converse of 
recency judgments, as we had assumed. 
This fact is made apparent by a comparison 
of the C, columns for the recency and 
distance tasks. This comparison reveals 
that distance discrimination was generally 
poorer than recency discrimination, as 
shown by the fact that the proportion of 
correct responses in the distance paradigms 
averaged about .06 less than in the recency 
paradigms. This overall difference is sig- 
nificant, / (42) = 3.40, p < .01. The 
decrement was evident even in the AB 
paradigms, / (42) = 2.18, p « .05, which 
is quite surprising in view of the fact that 
the only difference between making a re- 
cency versus a distance judgment in these 
cases is that the opposite answer is re- 
quired. Note that adding .06 to the values 
in the C, (distance) column brings all pro- 


quite close to the values that 
obtained using the C, (recency) 
nd symmetry considerations. For 
if we add .06 to the proportion 


portic 
would 
colum 
exam| 


corre in the ABB distance paradigm 
(.517 e obtain a figure close to that 
whict is observed in the AAB recency 
paradim (.568). 

We re puzzled by the fact that com- 
parat distance judgments appear to be 
more ficult than comparative recency 
judgi nts. Of the 43 Ss, 29 did better on 
thero ney task—a proportion significantly 
high: van half, s = 2.14, p < .05. 


Th asymmetry of the two judgmental 
task eminiscent of that found by Audley 
and ilis (1964), who asked their Ss to 
judg hich of two illuminated areas was 
eith lighter" or "darker." When the 
area re lighter than the background, 
the stion “Which is lighter?" elicited 
faster :-sponses than the question “Which 
is da. ‘er 2”: however, just the opposite 
results were obtained when the areas were 
darke: than the background. Analogous 
resulis were also obtained using pitch 
judgments (Wallis & Audley, 1964). If Ss 
in our experiment considered the stimulus 
items as relatively recent in comparison to 
some “background” of events (e.g., those 
prior io the experiment), the Audley— 
Wallis conclusion would imply that recency 
judgments would be easier than distance 
judgments, as was observed. Although 
the Audley-Wallis studies dealt with laten- 
cies rather than with proportions of correct 
responses, it is nevertheless tempting to 
draw a parallel between the two. For 
example, if comparative distance judg- 
ments involve an extra stage of processing 
for some Ss, one might expect to find both 
longer latencies and higher error rates. 


GENERAL DISCUSSION 


Let us summarize our arguments, results, and 
Conclusions. Previous results, that an event's 
frequency enhanced its subjective recency, 
Suggested a trace strength model of recency 
Judgments. Allied against this strength model 
are several results (e.g, Anderson & Bower, 
1972; Hintzman & Block, 1971) indicating 
that Ss can keep separate track of the several 
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in event frequency were largest when event 


"ss 


contexts in which a given item has occurred ; 
such results strongly suggest a ‘‘multiple-trace”’ 
hypothesis regarding the effects of repetition 
of an event. y $ 

How then are we to explain in these terms 
the effect of an event's frequency upon its — 
apparent recency? Experiment I investigated 
the possibility that the previously found fre- 
quency effect was a trivial consequence of the 
known effect of event frequency upon recogni- 
tion memory. However, the results of Experi- 
ment I, in which recency judgments were 
conditionalized upon recognition, failed to 
support this conjecture; even considering only 
recognized items, more frequent events were 
still apparently more recent. But, as before, 
several aspects were incommensurate with the 
trace strength model, e.g., greater confidence 
of recency judgments was reflected in the 
absolute accuracy rather than the recency per 
se of the judgments. 

An alternative model of recency judgments 
was formulated, utilizing the notion that each 
repetition of an event produces a separate 
memory trace containing elements summariz- 
ing the prevailing context at the time of en- 
coding (see Anderson & Bower, 1972). Among | 
the attributes of such a context marker would 
be information allowing an imprecise estimate 
of its recency—a "time tag." The presumed 
"noisiness" of such recency judgments was 
represented by a mathematical formulation 
along the lines of Thurstone's (1927) theory 
of discriminal dispersions. Such a model 
implies that judged frequency will be a critical — 
determinant of relative recency judgments. 
The results of Experiment II confirmed this 
prediction. The effects on recency of variation 


frequencies were correctly estimated; when a 
doubly presented item was later judged to 
have been only once presented, it was chosen 
as more recent with a proportion approaching 
those of the appropriate once-presented items. 
These and related effects were predicted quan- 
titatively from the multiple-trace model. Jt 
was noted, too, that the question’ Which 
event is more distant?" was more difficult m 
than its logical converse, “Which event is more 
recent?"—Aa result reminiscent of asymmetries 
in other judgmental tasks. : s 
The main conclusion from Experiment II is 
that the effects of frequency on recency judg- 
ments, as well as on recency judgments con- 
ditionalized upon frequency estimates, are all 
predictable (quantitatively) from the multiple- 
trace time-fag model. Such a model is also 
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required to fit other results on frequency esti- 
mates. Our overall intent is thus to promote 
the multiple-trace time-tag model as adequate 
to deal with both subjective frequency and 
recency judgments based on memory for events. 
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MOTION-PARALLAX CUES IN ONE-DIMENSIONAL 
POLAR AND PARALLEL PROJECTIONS: 


DIFFERENTIAL VELOCITY AND ACCELERATION y: 
DISPLACEMENT CHANGE 


WAYNE A. HERSHBERGER? anp JAMES J. STARZEC 


Northern Illinois University 


The Ss viewed what appeared to be a rigid dotted line rotating in depth 
about its center and judged the direction of apparent rotation. Differential 
retinal velocities for corresponding dots on opposite ends of the line were 
effected by hinging the dotted line at its center and rotating the two ends 
(near and far) through different-sized sectors. Three matched pairs of 
motion projections, one polar and one parallel, were generated, in which the 
projected (retinal) velocity of dots on the near end if the line was either: 
(a) less than, (b) equal to, or (c) greater than that of corresponding far 
dots. This differential velocity proved to be an equally effective mimic of 
motion parallax (and mediator of perceived orientation in depth) when pre- 
sented in the context of either type of projection. Further, the polar projec- 
tion alone incorporated an additional cue to orientation in depth mediating 


veridical perception of rotation direction, 


Consider the retinal projection of a large 
visible object rotating in depth about a ver- 
tical axis. Both the vertical and horizontal 
dimensions of the retinal image undergo con- 
tinuous deformation, These transformations 
along each of the two dimensions of the 
retina, both horizontal and vertical, provide 
stimulus information which may mediate 
veridical judgments of rotation direction 
(Braunstein & Payne, 1968; Hershberger, 
1967). Hershberger and his associates 
(Hershberger & Carpenter, 1972; Hersh- 
berger & Urban, 1970a, 1970b) have identi- 
fied various motion-parallax cues provided 
by the transformations within the horizontal 
dimension of the retinal projection. Their 
Ss viewed one-dimensional motion projec- 
tions of a row of evenly spaced dots rotating 
in depth about a vertical axis. Similar mo- 
tion projections are shown in Figure 1. To 


1The research described in this report is based 
upon the master’s thesis of the second author and 
was supported by U.S. Public Health Service Re- 
search Grant 1-R01-EY00979-01-EXP from the 
National Eye Institute to the first author. A pre- 
liminary report of this research was presented at 
the meeting of the Midwestern Psychological Asso- 
ciation, Chicago, May 1973. 

? Requests for reprints should be sent to Wayne 
Hershberger, Psychology Department, Northern Il- 
linois University, DeKalb, Illinois 60115. 


"read" each motion projection, imagine view- 
ing it through a very narrow slot in a reduc- 
tion screen oriented with the slot parallel to 
these lines of type and scanning the projec- 
tion from bottom to top (or vice versa) by 
sliding the reduction screen up (or down) 
across the page. When the reduction screen 
is stationary, the 13 dots visible through the 
slot (visible segments of the 13 curved lines) 
all appear to be in the picture plane upon 
which they are drawn. However, when the 
motion projection is scanned by moving the 
reduction screen so as to generate a motion 
picture within the slot, the 13 dots appear 
to be situated at different distances from the 
viewer, ie. they appear to comprise a line 
of 13 dots rotating in depth about a vertical 
(from top to bottom of page) axis passing 
through the center dot. (The motion pro- 
jections in Figure 1 are too small to yield a 
convincing kinetic depth effect—see Wallach — 
& O'Connell, 1953; they are presented only 
to illustrate the experimental technique and 
to graphically distinguish the specific motion 
projections employed in the present study.) 
The kinetic depth effect may be seen in 
such one-dimensional projections irrespective 
of whether they are polar projections in 
which the simulated viewing distance is 
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Polar Projections 
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Constant-Ratio 
Parallel Projections 


Differential Retinal Velocity: Near Far 


Differential Retinal Velocity: Far > Near 


MOTION-PARALLAX CUES WITH DIFFERENT COORDINATES 


"p^ minimal, or parallel projections in which the 


simulated viewing distance is infinite. How- 
ever, only the polar type of projection elicits 
veridical judgments of simulated rotation 
direction. The depth apparent in the parallel 
type of motion projection is entirely am- 
biguous and the viewer experiences spon- 
taneous perspective reversals accompanied by 
reversals in the direction of apparent rota- 
tion; hence, the viewer’s judgments of rota- 
tion direction are of only chance accuracy 
(Braunstein, 1966; Hershberger, 1967; 
Howard, 1961). In this connection, it is note- 
worthy that the individual motion projection 
for each dot in the composite parallel pro- 
jection is a symmetrical sine function, whereas 
the individual motion projection for each dot 
in the composite polar projection is an asym- 
metric function. 

The present study asks the question, how 
significant is this asymmetry of the individual 
motion projections to the perceived direction 
of rotation mediated by the composite pro- 
jection? More specifically, are the cues to 
rotation direction inherent in composite polar 
projections effective only when represented 
in terms of a collection of asymmetric polar 
projections, or may they be simulated ef- 
fectively in terms of a collection of indi- 
vidual, symmetrical, parallel motion-projec- 
tions as well? í 

The particular cue investigated here is the 
one Hershberger and Urban (1970a, 1970b) 
have referred to as a differential-retinal- 
velocity cue, or what is commonly regarded 
simply as motion parallax, In essence, the 
cue is this: The dots on that end of the rotat- 
ing line which are nearer the observer move 
more rapidly across the visual field than the 
corresponding dots on the far end of the line. 
However, this cue is trustworthy only if the 
line is rigid. If the line is hinged at the 
center and the two ends rotated through dif- 
ferent-sized sectors at different angular veloc- 
ities, one may effect equal retinal velocities 
(on the average) for corresponding dots on 
the near and far ends of the line, or even 


Ficure 1. Segments of displays and sectors of 
the circuit of rotation (shown below each display) 
for each of the six motion projections used in the 
present study. 
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reverse the relationship, so that a dot on the 
far end of the line has a greater retinal 
velocity than the corresponding dot on the 
near end of the line. The left-hand displays 
at the top, middle, and bottom of Figure I 
represent these three conditions, respectively, 
The sector of the circuit of rotation through - 
which each of the two ends of the line rotate — 
is shown directly below each display The 
circle shows the circuit of rotation of the two 
endmost dots. The oblique solid lines within 
the circle represent the borders of the dis- 
played sectors. The vertical line in the center 
of the figure represents the projection plane 
upon which the displays are drawn. And the 
projection lines passing from the circle 
through a projection point (simulated van- 
tage point) to the projection plane show the 
visual angle subtended by the various sectors 
of rotation. 

Further, by rotating the two ends of a line 
through different-sized sectors, it is possible 
to generate parallel projections incorporating 
a "cue" which mimics the differential-retinal- 
velocity cue. Three such parallel projections 
corresponding to the three polar projections 
are shown on the right-hand side of Figure 1. 
"The projected sectors are diagrammed below 
each display. The projection lines from the 
circle to the projection plane are all parallel, 
i.e., the simulated viewing distance is infinite, 

The six projections constituted the stim- 
ulus conditions for a 2 X 3 factorial design 
with the two factors being projection type 
(constant-ratio polar vs. parallel) and the 
nature of the differential-retinal-velocity cue 
(near > far, near = far, near < far). 

Other potential cues to rotation direction 
described by Hershberger and Urban 
(1970b) and Hershberger and Carpenter 
(1972) were eliminated in the polar projec- 
tions used in the present study. To exclude 
the potential cue described by Hershberger 
and Carpenter as a gradient of acceleration/ 
displacement ratios and to exclude the order: 
cue described by Hershberger and Urban, 
the polar projections used here were con- 
stant-ratio polar projections; i.e., a different 
projection ratio was used for each dot of thé 
rotating line such that the ratio of the circuit 
radius of.a dot relative to the projection 
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- distance used for that dot was a constant 
value (.375). Here, the acceleration/displace- 
ment ratios for dots on either end of the 
rotating line were equal. In addition, the 
dots comprising either end of the line reached 
their limits of angular displacement on the 
- visual field simultaneously, thereby eliminat- 
ing the order cue. By using partial projec- 
tions which did not show the dotted line in 
or about the frontal plane, the retinal direc- 
- tion cue (Hershberger & Urban, 1970b) was 
also eliminated. 


METHOD 


Subjects. Twenty-four undergraduates taking 
introductory psychology earned extra class credit 
for serving as Ss. 

Apparatus. Each S viewed all six motion pro- 
jections, three polar and three parallel, each sim- 
ulating a 22.86-cm. row of 13 evenly spaced dots 
hinged at the center, with each of the two ends of 
the line rotating in depth at a uniform, although 
not necessarily equal, angular velocity (see Fig- 
ure 1). 

For each trial, the initial and terminal orientation 
— of the simulated row of dots was in the sagittal 
— plane, and, in the meantime, rotated in depth in 
p either a clockwise or a counterclockwise direction. 
-.— When either end of the dotted line reached its 
1 border of the simulated sector of rotation, it disap- 
E peared and reappeared at the alternate border and 
_ from there continued to sweep through the sector 
- 12 times, including the initial and terminal half- 
sweeps. 
— Where the near sectors (nearer S's simulated 

vantage point: the projection point) and far sectors 
differed in angular size, the two ends of the dotted 
line differed in rotational velocity so that each swept 
through its respective sector in the same period of 
- time: four sec. The angular size of the near 

sector was 60° for each of the three polar projec- 
tions, and 86.72° for each of the parallel projec- 
- tions. The angular sizes of the far sectors were 
60°, 122°, and 180° for the polar, and 41°, 86.72°, 
~ and 136° for the parallel projections. Using an in- 
- finite projection distance for the parallel projec- 
_ tions and a constant projection ratio of .375 (circuit 
radius/projection distance) for each dot of the 
_ polar projections, the maximal displacements on the 
= projection plane were 8.46 cm. for the near sector 
in both polar and parallel projections. Correspond- 
ingly, the maximal displacements on the projection 
plane for the far sectors were 3.44 cm., 846 cm., 
and 11.43 cm. for both projection types. 

The motion projections consisted of sets of 13 


~ curved lines drawn with black ink on vellum paper 


Š 


with a l-mm. diameter pen point. The drawing 
- was done by an automated XY plotter using data 
- points which had been generated by a computer 
- program. Two rolls of paper were used, each 30.5 
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cm. wide and 17.74 m. long. Motion projec 
the three velocity conditions (near < far, 
far, near > far) were drawn on one ro!! 
constant-ratio (.375) polar projections. ©: 
second roll, motion projections of the three ve 
conditions were drawn using parallel projection 
During testing, one of these belts was mounted on 
spools in a scroll-like fashion within a black metal 
box (60.96 cm. X 46.36 cm. X 49.53 cm.). The belt 
could be reeled vertically from one spool to the 
other and passed immediately behind one side 
the box in which had been cut a narrow h 
slot .4 mm. in height and 29.2 cm. in 1 h. AN 
14-w. fluorescent bulb 30.5 cm. long was mounted 
inside the box parallel to the horizontal slot and 
1.27 cm. behind it. This illuminated the paper belt 
from the rear making visible to S a row of 13 dots. 

Procedure. Each S was tested individually, in 
two daily sessions, and observed all six motion pro- 
jections monocularly from a distance of approx- 
imately 60.96 cm. Half of the Ss viewed the polar 
projections on the first day of testing and the 
parallel projections on the second day; the other 
half viewed them in the reverse order. Each of the 
three velocity conditions of each of the two projec- 
tions was presented to S eight times. Four of 
these presentations simulated clockwise (cw) rota- 
tion and four counterclockwise (ccw). Half of 
the Ss viewed the presentations in the order cw, 
CCW, CCW, Cw, ccw, cw, cw, ccw, and the other half 
in the order ccw, cw, cw, cew, cw, ccw, Ccw, cw. 
The three blocks of trials for the three velocity 
conditions were presented in all possible orders 
(6), with four Ss randomly assigned to each order. 

A rotary switch was used by S during each trial 
to continuously indicate the perceived direction of 
rotation. The S was instructed to release the 
switch when he was uncertain as to the direction 
of rotation. Each trial lasted 48 sec. The in- 
tertrial interval was about 5 sec. and the interblock 
interval about 90 sec. 


RESULTS 


An S's judgment of rotation direction 
(cranking the rotary switch ccw or cw) was 
regarded as veridical if it corresponded to the 
direction in which the two ends of the objec- 
tive line of 13 dots (mathematically defined) 
was actually rotated in the process of generat- 
ing the motion projected in question. If the 
judged direction of rotation was opposite that 
employed in generating the projection, the 
judgment was regarded as illusory. An S's 
failure to crank the switch in either direction 
was regarded merely as the absence of a 
judgment. 

Seconds of veridical perception per trial 
and sec. of illusory perception per trial were 
each subjected to a four-way analysis of 
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MEANS AND STANDARD DEVIATIONS (IN PARENTHESES) FOR SECONDS OF VERIDICAL AND ILLUSORY 
PERCEPTION AS A FUNCTION OF TYPE OF PROJECTION AND NATURE OF THE 
DIFFERENTIAL-RETINAL-VELOCITY CUE 


Veridical perception Illusory perception 
Differential retinal velocity 
raroa poan i Total A E E UC 
Near > Far 32.14 30.21 31.47 4.86 6.56 5.71 
(9:58) (8.29) (8.95) (4.80) (6.73) (5.85) 
Near = Far 20.66 18.04 19.35 17.85 17.87 17.86 
(3:71) (4.00) (4.04) (3.77) (3.48) (3.59) 
Near < Far 11.41 8.93 10.17 26.26 28.75 27.50 
[2 36) (5.54) (6.03) (8.58) (6.92) (1.81) 
Total 1.60 19.06 16.32 17.73 
at 16) (10.70) (10.70) (10:83) 


variance, the four factors being: projection 
(type of) ; velocity, or nature of the retinal 
velocity cue; direction of rotation simulated ; 
and trial. Both analyses yielded significant 
projection and velocity effects, but no Pro- 
jection X Velocity interaction. Means and 
standard deviations for these effects are 
shown in Table 1. For the projection ef- 
fects, F values for sec. of veridical and il- 
lusory perception were, respectively: F (1, 
1,104) = 11.98, p < .001, and F (1, 1,104) 
= 3.90, p < .05. For the velocity effects, F 
values for veridical and illusory perception 
were F (2, 1,104) = 281.52, p « .001, and 
F (2, 1,104) = 31475, p «.001, respec- 
tively. A Newman-Keuls test was used to 
compare durations of veridical and illusory 
perception for each of the three velocity con- 
ditions. For each dependent variable, each 
velocity condition was found to differ from 
each of the other two (P «.01). For the 
Projection X Velocity interaction, F values 


for sec. of veridical and illusory perception 
were, respectively, F (2, 1,104) = .02, p > 
.10, and F (2, 1,104) = 1.06, p > .10. 

In addition, both analyses yielded signifi- 
cant effects of direction (of rotation sim- 
ulated) and a significant Direction X Trial 
interaction. Means and standard deviations 
for these effects are shown in Table 2. For 
the direction effect, F values for veridical 
and illusory judgments were, respectively, 
F (1, 1,104) = 3.98, p<.05, and F (1, 
1,104) = 5.89, p< 05. For the Direction x 
Trial interaction, F values for veridical and 
illusory perception were F (3, 1,104) — 5.19, 
p<.01, and F (3, 1,104) = 4.17, p < 01, 
respectively. The difference between direc- 
tions (cw and ccw) was significant only on 
the first trial (p < .01, Newman-Keuls). 

The difference between mean length of 


veridical and illusory perception was deter- — 


mined for each S within the two conditions 
where the differential-retinal-velocity cue was 


TABLE 2 
MEANS AND STANDARD DEVIATIONS (IN PARENTHESES) FOR SECONDS OF VERIDICAL AND 


ILLUSORY PERCEPTION AS A FUNCT: 


ION OF DIRECTION OF ROTATION 


SIMULATED AND TRIALS 


Veridical perception 


Illusory perception 


Direction of rotation 
simulated 


Trial 1 | Trial2 | Trial 3 | Trial 4 Total Trial 1 | Trial 2 | Trial 3 | Trial 4 Total 
i 17.19 | 18.58 |22.10 | 2054 | 19.60 | 19.50 | 18.17 | 16.09 | 17.78 | 17.89 
S eA (5.38) | (6.28) | (7.04) | (7.59) | (6.79) | (5.64) | (7.24) | (5.54) | (6.73) | (6.35) 
Counterclockwise | 2249 | 2146 | 19.68 | 20.64 |2107 | 1436 |1541 | 17.2. | 17:16 | 1616 
(640) | (8:44) | (5.65) | (5.72) | 6.82) | 6.15) | 5:60) | (8:94) | (5:96) | (6.74) 
Total 19.84. | 20.02 | 20.89 | 20.59 693 | 16.79 | 16.91 | 17.47 
(643) | (5.99) | (6.43) | (6.65) (5.94) | (6.56) | (5.74) | (6.29) 


absent. Assuming Ss could not correctly 
identify direction of rotation, i.e., were guess- 
ing, these differences should average to zero 
for both projection types. For the constant- 
ratio polar projection, the mean difference 
between seconds of veridical and illusory 
judgment was 2.81 sec. (SD = 6.12. sec.). 
- This is significantly greater than zero, t (23) 
= 2.25, p< .05. For the parallel projection, 
- the mean difference was .19 sec. (SD = 5.10 
sec.). This is not significantly different 
from zero, t (23) — .18, p > .05. 


DISCUSSION 


The asymmetry of a polar projection appears 
- sufficient but not necessary to the mediation of 
veridical perception of rotation direction. On 
the one hand, the asymmetry of a polar projec- 
tion is not prerequisite to an observer's inter- 
- pretation of differential retinal velocity as dif- 
- ferential depth: The differential-retinal-velocity 
- cue (traditional motion parallax) appears to be 
just as effective a cue to rotation direction 
- when presented in the context of a. composite 
parallel projection as it is when presented in 
the context of a composite polar projection, i.e., 
the present interaction between projection type 
and the differential-retinal-velocity cue was nil. 
On the other hand, the significant main effect 
of projection type indicates that the inherent 
asymmetry of the present type of polar projec- 
_ tion constitutes an additional stimulus feature 
mediating perceived direction of simulated rota- 
tion. However, the effectiveness of this addi- 
tional stimulus feature is minimal relative to 
that of the differential-retinal-velocity cue. 
- That is, when the two cues are in opposition, 
as is the case with one of the projections used 
i here (polar projection: velocity near < far), 
_ the Ss respond primarily in terms of the 
- velocity cue, 
__ Hershberger and Carpenter (1972) have sug- 
gested that this additional stimulus feature may 
na involve the momentary A/D ratios of the vari- 
. ous dots, where A denotes the retinal accelera- 
tion of a dot and D denotes its momentary 
retinal displacement from the projected axis of 


- rotation. In unidimensional parallel projections, 


i 


- the absolute value of this ratio is 1 for all dots 
at all times. In unidimensional constant-ratio 
polar projections, such as those used here, all 
the dots on a given end of the line share the 
same value, but these values change. -Consider 
the case in which the rotating row of dots is 
moving from a frontal plane into $’s median 
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sagittal plane. As the dots on one end of the 
line are approaching S, the corresponding dots 
on the other end are receding from him. As 
the dotted line nears the sagittal plane, the ap- 
proaching dots have an A/D ratio which is 
greater than 1 and decreasing, whereas the re- 
ceding dots have an A/D ratio which is less 
than 1 and increasing, It is conceivable that 
the absolute value of only one of these A/D 
ratios and (or) the direction of its change may 
be necessary to cue S’s judgment of rotation 
direction. However, it appears that S actually 
responds to the difference between the two 
ratios and (or) the difference in the direction 
of their changes, for Hershberger, Carpenter, 
Starzec, and Laughlin (1974) have found that 
motion projections incorporating a single, 
changing A/D ratio yield judgments of rotation 
direction which are of only chance accuracy: 
Specifically, they used constant-ratio polar pro- 
jections of a dotted line rotating in depth about 
one end and sweeping through either a near or 
far sector, but not both. Although their Ss saw 
the simulated line as rotating in depth, these 
Ss could not accurately identify the line's 
momentary orientation in depth nor, hence, its 
direction of rotation. 

Apparently, the additional stimulus feature 
which was incorporated within the polar projec 
tions used in the present study and which helped 
mediate veridical perception of momentar 
orientation in depth, and hence, judged direc- 
tion of rotation, is a stimulus difference be- 
tween, or gradient of, A/D ratios. Or, stated 
conversely and more generally, it appears tha‘ 
a gradient of A/D ratios in a motion projection 
mediates apparent depth rather than merely 
apparent motion. 

Both the significant main effect of direction 
and the Direction X Trial interaction may be 
artifacts attributable to a counterclockwise bias 
of the Ss (as was found by Hershberger & 
Urban, 1970a). The direction effect involved 
a greater mean duration of veridical judgment 
for counterclockwise as opposed to clockwise 
trials, and a greater mean duration of illusory 
judgment for clockwise as opposed to counter- 
clockwise trials. The Direction X Trial inter- 
action involved a difference between mean 
duration of clockwise and counterclockwise 
judgment of the first trial, with counterclock- 
wise veridical judgment being of a greater 
mean duration than clockwise, and clockwise 
illusory judgment being of a greater mean 
duration than counterclockwise. A counter- 
clockwise bias would inflate duration of veridi- 
cal judgment of counterclockwise rotation and 
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illusory judgment of clockwise rotation. The 
bias could be expected to diminish as S$ re- 
sponded to cues in the stimulus display, thereby 
effecting a Direction X Trial interaction. 
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Sekuler and Erlebacher (1971) have 
shown that the Müller-Lyer illusion con- 
sists of two functionally different compo- 
nent illusions. In one illusion, inward- 

= directed tails reduce the apparent length 
1 of a straight line. In the other illusion, 
outward-directed tails produce the opposite 
effect. There are several lines of evidence 
_ that the tails-in and tails-out illusions are 

functionally different. First, only the 
= tails-in illusion is caused by S's use of the 
distance between the ends of the obliques 
| (intertip distance) to judge the length of 
the shaft of the figure (see also Erlebacher 

& Sekuler, 1969). Second, with the tails-in 
-— figures the magnitude of the illusion is 
|. monotonic with variation in the angle that 
— the tails form with the shaft of the figure. 
With the tails-out figures this function is 
nonmonotonic. Moreover, the absolute 
-. magnitude of the illusion produced by the 

tails-in portion -is consistently less than 
- that produced by the tails-out portion 

(Binet, 1895; Heymans, 1896; Piaget, 

1969; Sekuler & Erlebacher, 1971). Fur- 

ther, Runyon and Cooper (1970) found 

that removing the shaft (leaving only the 

tails) from the tails-out figure decreased 

the illusion, whereas the same operation on 
the tails-in figure increased it. 


1 This research was supported by Grants EY-321 
and NS-EY-10094 from National Institutes of 
Health. 

? Requests for reprints should be sent to either 
Albert Erlebacher or Robert Sekuler, Cresap Neuro- 
science Laboratory, Department of Psychology, 2021 
Sheridan Road, Northwestern University, Evanston, 
Illinois 60201. ^ 


PERCEIVED LENGTH DEPENDS ON EXPOSURE DURATION: 
STRAIGHT LINES AND MÜLLER-LYER STIMULI ! 


ALBERT ERLEBACHER anD ROBERT SEKULER # 


Northwestern University 


Brief exposure reduces the apparent length of a straight line. Thereafter, 
apparent length increases linearly with log exposure duration. 
ceived length of two parts of the Müller-Lyer illusion was also measured. 
The apparent length of the tails-inward Müller-Lyer figure increased with 
duration; the apparent length of the tails-outward figure was unaffected by 
duration. This is further evidence that the Müller-Lyer illusion consists of two 
functionally different component illusions. 


The per- 


Thus, several spatial parameters of the 
Miiller—Lyer configuration affect the two 
component illusions differentially. Since 
many visual phenomena seem to be th 
joint product of their spatial and temporal 
values, it is of interest to determine whether 
the two components of the Müller-Lyer 
illusion might also respond differentially to 
variation in exposure duration. 

Piaget (1969) suggests that the two com- 
ponent illusions varied in different way: 
with exposure duration. His report is 
deficient in several ways: (a) The conc 
tions of the experiment are not described 
(b) no statistics beyond means are given; 
(c) the data seem quite irregular; and (d) 
his range of exposure durations was re- 
stricted and did not extend to the short 
durations of interest for relating the ob- 
servations to the classical data on spatial 
and temporal phenomena in vision. 

Experiment I examines over a large range 
the effect of exposure duration on the per- 
ceived length of the two types of Müller- 
Lyer figures. In addition, the effect of 
exposure duration on a plain, tailless line 
was studied. This basic manipulation 
seems never to have been studied previously. 


EXPERIMENT I 
Method 


Design. “Points of subjective equality (PSEs) 
were obtained for 30 figures. Of these, 21 were 
experimental figures. Nine “filler” figures whose 
shaft length was longer were used to increase the 
apparent validity of S’s task. The 21 experimental 
figures came from the factorial combination of three 
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figure types (tails-in, tails-out, plain line) and seven 
exposure durations (30, 60, 120, 240, 480, 960, and 
1,920 msec.) The 9 filler figures came from the 
factorial combination of the three figure types and 
only three exposure durations (60, 240, and 960 
msec.). 

Subjects. Twenty-five Northwestern University 
introductory psychology students, of both sexes, 
were tested individually. They served in partial 
fulfillment of a course requirement. 

Stimuli. The stimuli were presented on a com- 
puter-controlled cathode ray tube display with a 
short persistence phosphor (P-31). The display 
measured 108 X 83 mm. The stimuli appeared as 
bright lines (28 cd/m?) on a dark background. . The 
30 standard stimuli were vertically oriented and 
centered on the display. The shaft length was 27.1 
mm. for the experimental figures and 31.8 mm. for 
the filler figures. The tails, 9.6 mm. long, formed 
an angle of 90? with each other. The 30 standard 
stimuli were in a strict random order that repeated 
itself after each presentation of all 30 stimuli. Each 
S went through a different random order. 

The variable stimulus was a vertically oriented 
line without tails. It appeared 13 mm. to the right 
of the standard stimulus and, to avoid vernier com- 
parison, was displaced upward so that its center 
was 12 mm. above that of the standard. 

The S's head position was stabilized by a chin 
rest. The display was at eye level and was viewed 
from a distance of approximately 60 cm. 

Procedure. The psychophysical method used was 
the up and down method (Dixon & Mood, 1948). 
On the first presentation of a standard stimulus the 
variable stimulus was 27.66 mm. long. The S indi- 
cated whether the standard appeared longer or 
shorter in length than the variable. On each suc- 
ceeding presentation of the standard stimulus the 
variable stimulus was made 1.54 mm. longer or 
shorter, depending on whether on its last presenta- 
tion the standard was judged as longer or shorter 
than the variable. Eleven trials were given for 
each of the 30 standard stimuli, making a total of 
330 judgments. The .S indicated his response by 
pressing one of two levers. 

To avoid spurious correlations among judgments, 
the second trial for a given standard occurred after 
S had made a judgment for each of the other 29 
stimuli. In other words, 29 judgments intervened 
between successive judgments involving a given 
standard stimulus. 


? An important methodological point should be 
noted. The luminance of all lines, regardless of 
length, was the same. The rate at which the com- 
puter refreshed points on the cathode ray tube was 
held constant despite variation in the number of 
points (length) in the stimulus. The constant re- 
fresh rate was ensured by plotting a constant, large 
number of points for every stimulus—illuminating 
only the subset of points required for a particular 
stimulus. Unless a precaution of this kind is taken, 
brightness would have varied inversely with line 
length. 
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Timing of stimulus presentation was as follows: 
First, a standard stimulus appeared, remaining on 
for its indicated duration; after the offset of the 
standard stimulus and a further .5-sec. delay, the 
variable stimulus appeared for a constant duration 
of 2 sec. The S could make his response only after 
the offset of the variable stimulus. A new standard - 
stimulus appeared 2.15 sec. after the response. 


Results and Discussion 


A PSE was obtained for each S for each — 
standard stimulus by the usual procedure - 
for the up and down method. The mean 
PSEs are presented in Figure 1. The varia- . 
ble is exposure duration while figure type 
is the parameter. First, it can be seen that 
the three figure types yield quite different 
PSEs, showing the well-known Müller- 
Lyer illusion effects. The overall means 
are 29.49, 25.84, and 24.19 mm. for the 
tails-out, plain line, and tails-in figures, 
respectively. An analysis of variance indi- 
cates that the three figure types do indeed 
yield different means F (2, 48) = 130.34, p 
« .01. Moreover, Figure 1 shows that ex- 
posure duration had a considerable effect 
on the perceived length of both the tails-in 
and plain line figures, though the effect on 
the tails-out figures is negligible. An or- 
thogonal polynomial trend analysis indi- 
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Ficure 1. Mean points of subjective equality 
(PSEs) as a function of exposure duration for three 
types of standard stimuli. 
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cates an overall (averaged over all three 
- figure types) linear trend, F (1, 24) = 23.77, 
p « .01. This linear trend indicates an 
increase in perceived length as exposure 
duration increases logarithmically. None 
of the other higher order polynomial trends 
(quadratic through sextic) were statistically 
^ significant. The analysis also shows an 
interaction between figure type and linear 
trend. This interaction indicates that the 
functions relating the PSEs to log exposure 
- duration have different slopes, depending 
on the figure type, F (2, 48) = 8.11, p < 
.01. Both the tails-in and plain line figures 
eld a function with positive slope, while 
the tails-out figure yields a function with 
near zero slope. No other interaction be- 
tween figure type and trend was statisti- 
cally significant. 
These findings led us to compute the 
 best-fitting (least squares) straight lines 
separately for the three figure types. These 
lines have been drawn through the data 
points in Figure 1. The equations for these 
lines are P = 29.496 — .002 log t, P = 
24.490 + .568 log t, and P = 22.360 + .770 
log ¢ for the tails-out, plain line, and tails-in 
figures, respectively, where P is the mean 
PSE (in mm.) and ¢ is the exposure dura- 
ion (in imsec.). Again, we see a qualita- 
ive difference between tails-in and tails-out 
gures. The perceived length of tails-in 
figures increases linearly with log exposure 
- duration; the perceived length of tails-out 
figures is nearly constant. 
The results presented so far tell us about 
the perception of the length of the three 
figure types separately; they do not tell us 
anything about the magnitude of the 
Müller-Lyer illusions. To measure the 
lusions the standard and variable must be 
presented for the same exposure duration. 
_ This requirement is pretty nearly met at 
- the 1,920-msec. exposure duration. There 
the standard has a duration approximately 
equal to that of the 2-sec. variable. At 
this point, the mean PSE for the plain line 
- was 26.27 mm. This represents a small 
constant error when compared to the actual 
standard length of 27.1 mm. The mean 
PSEs for the tails-out and tails-in figures 
at this point were 29.33 and 24.71 mm., 
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respectively. As in previous studies, the 
magnitude of the illusion (measured from 
26.27 mm.—the PSE for the plain line 
resulting from the tails-out figure was much 
greater than that from the tails-in figure. 


EXPERIMENT II 


A most interesting finding in Experiment 
I was that the perceived length of the plain 
line increased with exposure duration. To 
be more accurate one ought to say that 
the perceived length became less short, 
since with longer durations the line appears 
more nearly its actual length. Since this 
finding is so basic and we could not finc 
any earlier report of it, we decided to verify 
it. 

Experiment II essentially repeated th. 
plain line portion of Experiment I with 
slight changes in several parameters. In 
addition, the effect of some incidental vari- 
ables was investigated. It is noted above 
that one needs to present the variable 
stimulus displaced both horizontally and 
vertically from the standard. By counter- 
balancing these positions one can study thc 
possible effects of these displacements. 


Method 


Design. Points of subjective equality were ob- 

tained for nine standard stimuli. Seven of these 
were experimental figures—straight lines presented 
at seven exposure durations (30, 60, 120, 240, 480, 
960, and 1,920 msec.). Two longer filler figures were 
also included. For half the Ss the variable stimulus 
was presented to the left of the standard; for the 
other half it was presented to the right. Each of 
these two groups was further divided into two 
groups. For one of these the variable was displaced 
upward from the standard, while for the other it 
was displaced downward. The position of the varia- 
ble stimulus, relative to the standard, formed a 
2 X 2 factorial design. 
: Subjects. Twenty-eight Northwestern University 
introductory psychology students, of both sexes, 
were tested individually. They were assigned at 
random to the four groups, seven to a group. 
Each subject was tested with each of the nine 
standard stimuli. 

Stimuli. The stimuli were presented on a com- 
puter-controlled cathode ray tube with a short 
persistence phosphor (P-4). The display measured 
80 X 80 mm. The stimuli appeared as bright lines 
(100 cd/m?) on a dark background (13 cd/m?). The 
nine standard stimuli were vertically oriented and 
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"were presented near the center of the display. The 


seven experimental standards measured 20.0 mm. 
in length and the two filler figures measured 21.2 
and 22.4 mm., respectively. The nine standards 
were presented in a random order that repeated 
itself after each presentation of all nine stimuli. 
Each S went through a different random order of 
stimuli. 

The variable stimulus was also a vertically ori- 
ented straight line. It appeared 23.5 mm. to either 
the left or the right of the standard, depending on 
the group S wasin. Its center was displaced 12 mm. 
upward or downward from the center of the stand- 
ard, again depending on S's group. 

The S’s head position was stabilized by a chin 
rest. The display was viewed from a distance of 
57 cm. at eye level. 

Procedure. As in Experiment I, the up and down 
method was used. The following parameters were 
different from Experiment I: On the first presenta- 
tion the variable stimulus was 18.8 mm. long; the 
step size was 1.2 mm.; and only eight judgments 
intervened between successive judgments involving 
a given standard. The timing of the stimulus pre- 
sentations had the following changes: The variable 
stimulus remained on for 1,920 msec. and a new 
standard appeared 3.5 sec. after S's response. 


Results and Discussion 


Mean PSEs as a function of exposure 
duration (averaged across all other condi- 
tions) are presented in Figure2. The figure 
again shows a general increase in perceived 
length with an increase in exposure dura- 
tion. An analysis of variance indicates a 
significant linear trend as a function of log 
exposure duration, F (1, 24) = 12.74, p < 
.01. Deviation from linearity was not a 
statistically significant source of variation, 
F (5, 120) = 1.62. The best fitting 
straight line (least squares) is shown in 
Figure 2. The equation for this line is 
P = 18.296 + .304 log t£, where P is the 
mean PSE (in mm.) and / is the exposure 
duration (in msec.). 

Position effects were very small and not 
statistically significant. Neither horizontal 
nor vertical displacement nor their inter- 
action with each other or with exposure 
duration had much of an effect. The F 
ratios for these effects ranged from .06 to 
1.86. 

There was a difference between Experi- 
ments I and II in the slopes of the best- 
fitting line relating perceived length to log 
exposure duration for the plain line. The 
line had a slope of .568 in Experiment I 
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(PSEs) for the length of a straight line as a function 
of exposure duration. 


and .304 in Experiment II. It is not clear 
that any difference in procedure could have 
caused such a difference. The .95 con- 
fidence intervals for the slopes are .274 to 
.862 in Experiment I and .128 to .580 in 
Experiment II. Since these overlap, it is 
possible that the same slope is being esti- 
mated in the two experiments. 

Tynan and Sekuler (1973) have reported 
some related work. Sinusoidal gratings of 
low spatial frequency were presented for 
various durations. They found short dura- 
tions increased the apparent spatial fre- 
quency of a grating by as much as 1597 — 
20%. The increase in apparent spatial 
frequency means that the bars in the 
grating seemed narrower. This is similar 
to our own result—if one assumes a corre- 
spondence between bar width and line 
length. Moreover, Tynan and Sekuler 
found a much reduced effect of duration 
both with square wave gratings and with 
high frequency sinusoidal gratings. This 
resembles our finding that duration had 
virtually no effect on the perceived length 
of one of the Müller-Lyer components. 
Tynan and Sekuler related their results to 
temporal variation in lateral inhibition 
(Hood, 1973; Ratliff, 1965). 

A fully developed model for our results 
will require additional parametric data. 
Though the model may likely include 
lateral inhibition, it will have its strongest 
test in accounting for the apparent im- 
munity of the tails-out Miiller—Lyer figure 
to changes in exposure duration. 
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EFFECTS OF PRIORITY INSTRUCTIONS ON PROCESSING 
HYPERCAPACITY SEQUENTIAL INPUTS OF 
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This study assessed Ss’ ability to process selectively pictures or words presented 

in very rapid succession. The Ss viewed a series of 36 verbal or pictorial slides 

for 225 msec. each, with 775 msec. between the items. Half of the Ss received 

priority instructions to attend selectively to animal items in the stimulus series. 

Another group, the nonpriority Ss, were merely told to attend to the series in 

general. Priority instructions were found to enhance recognition memory for 
f both pictorial and verbal target items relative to nontarget items. 


p The present study was undertaken to 


assess the individual's ability to process 
selectively items presented in very rapid 
succession. The question is of considerable 
importance to the widely held view that 
the processor is an active agent, capable 
of selecting from the over-rich stimulus 
«~ environment the information he will process 
and store. It is of further interest whether 


a the processor can exercise selectivity for 


pictures as well as verbal inputs, since the 
majority of everyday encounters with the 
environment involve pictorial sequential 
events as opposed to verbal or tachisto- 
scopic experiences of arrays. A selective 
capability with verbal materials was ex- 
pected in view of the considerable evidence 
indicating the importance of rehearsal in 
the consolidation of verbal inputs; how- 
ever, the analogue of this rehearsal process 
for visual inputs has been brought into 
question. Shaffer and Shiffrin (1972), for 
example, have reported that recognition 
memory for a rapidly presented series of 
pictures was unaffected by the length of 
the interstimulus interval beyond 1.0 sec., 
a potential rehearsal consolidation phase, 
though the duration of the stimulus itself 


1We thank John Santa for his many helpful 
suggestions throughout the execution of this study. 

? Requests for reprints should be sent to Matt 
Erdelyi, who is now at the Department of Psy- 
chology, Brooklyn College of the City University 
of New York, William James Hall, Brooklyn, New 
York 11210. 


was a significant variable. In a similar 
experiment, Potter and Levy (1969) con- 
cluded that pictures are processed inde- 
pendently, one by one, for exactly the 
duration of presentation. Two recent 
studies (Detterman & Ellis, 1972; Erdelyi 
& Blumenthal, 1973), however, have shown 
that the presence of a special type of item, 
an emotional picture, within a rapid se- 
quence of neutral pictures, can have an 
inhibitory effect on the processing of at 
least some subsequent items in the series. 
Such outcomes can be construed as evi- 
dence for selective interactions among 
pictorial items in rapid sequential proc- 
essing (Erdelyi & Blumenthal, 1973). 

The present study investigated directly 
the perceiver's selective control over the 
processing of hypercapacity verbal or pic- 
torial inputs. It was of further interest 
whether successful bias toward a subset of 
an input sequence occurs at the expense 
of the remaining items—i.e., whether suc- 
cessful target bias necessitates nontarget 
information dumping. 


METHOD 


Stimuli. The stimuli were either simple words 
(e.g, APPLE, KEY, CAT) or their corresponding 
pictorial representations. The verbal items were 
typed in uppercase letters; simple drawings were 
outlined in black with a thick felt pen. 

The input set comprised 36 items, of which 
half were animal (target) stimuli, and half non- 
animal (nontarget) items. The order of items was 
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Ficure 1. Average group receiver operating 
characteristic curves for target and nontarget items. 
The top left and right panels represent the per- 
formance of the noninstructed and instructed word 
groups, respectively. The bottom panels depict 
the counterpart performance of noninstructed and 
instructed picture groups. 


randomly generated with the restriction that no 
more than a string of three items of either cate- 
gory, target or nontarget, occur within the series. 
Any item not conforming to this restriction during 
the ordering process was returned to the stimulus 
pool and replaced by another selection. 

For the recognition task, a second series of 36 
slides (half stimulus, half distractor items) was 


- generated at random with these restrictions: (a) 
each third of the test sequence had to include an 
- equal number of target and nontarget items, as 
- well as an equal number of stimuli and distractors; 


and (b) no more than a string of two target, non- 
target, stimulus, or distractor items was allowed. 
Procedure. The design featured two modality 
conditions (picture vs. word stimuli), two instruc- 
tion conditions (priority instructions vs. no priority 
instructions), and two stimulus categories (target 
vs. nontarget items). Thus, the design was a 
2X2X2 paradigm, with one correlated factor 
(target vs. nontarget items), yielding four inde- 


_ pendent stimulus priority groups: instructed-pic- 


ture group, noninstructed-picture group, instruc- 
ted-word group, and noninstructed-word group, 
with measures for both target and nontarget items 
for each. 

All Ss were instructed to pay close attention 
e Priority group Ss, however, were 
additionally told to pay particular attention to all 
animal items. 

A Kodak Carousel projector (Model 850H) was 
utilized to present the stimuli in rapid succession. 
Each cycle included approximately 225 msec. on 
time, a duration within the region of a single eye 
fixation, and 775 msec. off time. > 
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Each slide in the test series that followec 
displayed for 10 sec. A recognition procedure + «i 
confidence ratings was used to test reten: n 
(Green & Swets, 1966). 

Subjects. The Ss were 99 female and 3 m 
undergraduates from introductory psychol 
courses at Douglass College who were fulfillins 


course requirement. There were the follow 
unequal numbers of Ss per cell: instructed-pict 
group, n» — 21; noninstructed-picture gro 


n = 26; instructed-word group, n = 23; and n 


instructed-word group, » = 32. 


RESULTS 


Figure 1 presents average group receiv 
operating characteristic (ROC) curves 
Ss’ performance on target and nontarg 
items generated from individual recog: 
tion confidence ratings. The upper k 
and right panels show target and nontar; 
performance for the noninstructed-w« 
and instructed-word groups, respective 
The bottom panels present the correspon 
ing pictorial outcomes. The curves clea: 
indicate the instructed group Ss’ superi 
recognition of target items in the seri , 
whether the input was pictorial or verb. |. 

Statistical analysis was based on d' c: - 
culations of sensitivity for each S, o. 
tained from Table 1 in Swets (1964, po. 
659-678). A best estimate of d' was co! i- 
puted for each S by averaging the J 
associated with each of the middle thr 
criterion points obtained from the rating 
scale. A 2 X 2 X 2 analysis of variance 
with correlated measures on the last factor 
was performed on the data (Winer, 1962). 
An unweighted means solution was em- 
ployed in view of the unequal cell fre- 
quencies. The three main effects were 
highly significant. For modality, F (1, 98) 
= 17.12, p < .01, indicating that overall 
recognition memory for pictorial items was 
superior to verbal items. In general, in- 
structed group Ss' performance was sig- 
nificantly higher than that for Ss in the 
noninstructed condition, F (1, 98) — 12.79, 
P «.01. Category was also significant, 
F (1, 98) = 52.44, p < .01, demonstrating 
superior recognition for target items. The 
critical Instructions X Category inter- 
action was highly significant, F (1, 98) 
= 32.85, p < .01; with priority instruc- 
tions, the average d' for target items in- 
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ye <creased from a value of 2.23 (noninstructed 


Ss) to 3.19 (instructed Ss), while the cor- 
responding d' values for the nontarget 
items remained essentially level, 2.09 for 
noninstructed Ss and 1.91 for instructed Ss. 
Thus, priority instructions clearly incre- 
mented recognition memory for target 


“items. The absence of a three-way inter- 


« 


action (F < 1) suggests that target versus 
nontarget performance did not differ for 
the picture and word groups as a function 
of instructions. 

While the Modality X Category inter- 
action was not significant (F < 1), there 
was a significant Modality X Instructions 
interaction, F (1, 98) = 24.13, p < .01, re- 
flecting the fact that priority instructions 
incremented overall word recognition per- 
formance more than overall picture per- 
formance. This interaction is the outcome 
of two trends: a tendency for word .Ss 
receiving priority instructions to improve 
more on target items than the correspond- 
ing picture Ss, and a tendency for in- 
structed-picture Ss to decrease in non- 
target performance in contrast to word Ss, 
who remained essentially constant on non- 


(target items regardless of instructions. 


The theoretical implication of the resulting 
Modality X Instructions interaction is not 
obvious, however, particularly in the ab- 
sence of a third-order interaction. It may 
merely reflect a ceiling effect arising from 
the noninstructed-picture group's overall 
performance superiority over the nonin- 


w^ structed-word group, or it may, pending 


further research, prove to be of more 
substantive import. 


Discussion 


These results indicate that priority instruc- 
tions to attend to items belonging to a parti- 
cular conceptual category in a series of rapidly 
, presented stimuli increase Ss’ recognition 
memory for the target category items relative 
to the nontarget items. The outcome de- 
monstrates Ss’ ability to process selectively 
items presented in a rapid succession. 
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Furthermore, this selective capability does 
not appear to be modality specific. Even if, 
as Shaffer and Shiffrin (1972) propose, there 
is no counterpart of verbal rehearsal in visual 
processing, the data suggest that Ss are ca- 
pable of selectively using the on time coding 
period with different effectiveness. Likewise, 
if visual items are independently processed, 
one by one, as Potter and Levy (1969) con- 
tend, Ss can selectively determine how much 
processing to invest in each item. It is pos- 
sible, of course, that rehearsal does occur 
within 1.0 sec. following the input, the period 
not covered by Shaffer and Shiffrin's study, 
and the possibility of visual rehearsal beyond 
this interval should not be altogether dis- 
counted despite Potter and Levy's and Shaffer 
and Shiffrin's data. 

It had been anticipated that an increase in 
recognition memory for a subset of the input 
would occur at the expense of the remaining 
input items, indicating an information dump- 
ing effect. The results of the present study 
did not, however, produce clear-cut evidence 
for information dumping. Research is now 
in progress to investigate this possibility 
further, particularity when processing load is 
increased through even faster stimulus input. 
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LEARNING AND RETENTION OF VERBAL LISTS: 


SERIAL ANTICIPATION AND SERIAL DISCRIMINATION 
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University of Maine 


Serial anticipation and serial discrimination learning were compared. The Ss 
mastered consonant-vowel-consonant (CVC) lists when each item appeared 
in a triad with either task relevant or task irrelevant distractors, the former 
being items from other list positions and the latter CVCs from outside the 
list. Recognition or serial recall immediately followed list mastery. Knowl- 
edge of results was manipulated for discrimination groups. Trials, errors, 
total learning times, serial position errors, and retention were examined. The 
distractor variable was a potent determiner of performance, and knowledge 
of results variations had little, if any, effect. Learning and serial recall for 
anticipation groups were unaffected by type of distractor used in triads but 


distractor type did affect the performance of discrimination groups. 


Some years ago, a symposium on human 
learning evaluated the possibility of cut- 
ting across learning tasks and procedural 
variables in an effort to identify common- 
alities in behavior, processes, or laws that 
might have some generality for human 
learning. In that symposium Underwood 
(1964) suggested that examination of the 
continuity in human learning might take 
the form of assessing the phenomena pro- 
duced by comparable operations among 
tasks to see whether manipulable variables 

. affect learning in the same way regardless 
of tasks. This is what we have tried to 
do by examining the outcome when Ss 
master consonant-vowel-consonant (CVC) 


. lists in a modified serial learning task as 


compared to mastering the same items in 
the context of a verbal maze. 

It has been recognized that learning a 
CVC list and mastering the correct path- 
way in a maze share in common the ac- 
quisition of a fixed sequence of responses 
(e.g., Hall, 1966). However, little research 
has directly compared these tasks. Early 
studies in the comparative vein (Freeman 
& Abernethy, 1930; McGeoch & Melton, 
1929; Van Tilborg, 1936) would seem to 
provide evidence for invariant performance 
on acquisition, retention, and serial posi- 


1 Requests for reprints should be sent to Edward 
A. Wade, Department of Psychology, University 
of Maine, Little Hall, Orono, Maine 04473, 


tion measures. Such evidence, vie d 
against the features that distinguish «e 
verbal learning from maze learning (c ., 
anticipation ys. recognition, automatic \s. 
self-pacing, noncorrection vs. correct n, 
number of choice point alternatives, ei. ), 
is interesting. It implies that serial n- 
puts may be processed in the same voy 
in both types of task and that the com:con * 
seriality feature may provide a vehicle jor 
examining this possibility. 

The present research was an attempt to 
handle methodological shortcomings in 
earlier studies (cf. Freeman & Abernethy, 
1930; Van Tilborg, 1936) and to extend 
the comparative evaluation of maze with 
rote serial learning to include other vari- 
ables. For our purposes, the maze was 
replaced with a serial verbal discrimination 
(VD) task patterned after McClelland 
(1942) but using a constant, rather than 
a random, presentation of VD items. Such 
a serial task is a variant of the mental 
maze and possesses the advantage that 
verbal items can serve as response alter- . 
natives at choice points in addition to 
providing a source of material identical to 
that used for serial anticipation. 

To additionally facilitate comparisons of 
task structure, the usual serial anticipa- 
tion task was modified so that the appear- 
ance ‘of successive choice points corre- 
sponded formatwise to those used for serial 
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e discrimination. Instead of presenting list 
| items singly one after the other, each item 
appeared in a triad together with two 
distractors. 
the correct item in each successive triad. 
The serial discrimination task, on the other 
hand, required S to select the one item in 
each triad that was correct for a current 


aa serial position. 


A second purpose of this research was 
to investigate type of distractor which was 
manipulated independently of type of serial 
task. The items to be learned appeared 
in triads where distractors were either 
CVCs appearing as correct items in other 
than the current serial position or CVCs 
drawn from a pool of items external to 
those making up the serial list proper. 
In this respect, interest centered on the 
learning and retention of single- vs, double- 
function lists (Kausler & Boka, 1968). 


EXPERIMENTS I AND II? 


In both rote serial and maze learning 
«| S may need to keep track of his current 
serial position as well as earlier choices 
Wand their related outcomes. The succes- 
sive choice points at which decisions are 
made can reflect response alternatives that 
change as a function of serial position or 
response subsets composed of items that 
appear at more than one choice point as 
in the typical maze, /rue items appearing 
together with "'distractors."' 

Experiment I was expressly designed to 
examine the influence of task structure 
(serial anticipation vs. serial discrimina- 
tion) upon performance. For this purpose 
it was decided to use items which came 
from other parts of the serial list as dis- 
tractors. The aim was to approximate as 
closely as possible the characteristic feature 
of choice points in the maze but still allow 
** for the design of a serial anticipation task 

featuring identical materials. Shortly after 

Experiment I was underway, it appeared 

desirable to undertake a comparable study 

of serial tasks using items that were not 
part of the list to be learned as distractors. 


^N 


? Data for Experiments I and II, respectively, 
"were collected by Peter Giftos and Anne Glazier. 


d 


The task was to anticipate 
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In point of actual time, the two experi- 
ments were conducted concurrently. 


Method. 


Subjects. There were two groups of 20 Ss in 
each experiment. Assignment to groups was random 
within each experiment, and Ss were volunteers 
fulfilling a course requirement for Introductory 
Psychology. 

Materials. A serial list of seven items, with an 
average association value of 48.4% and ranging 
47%-51%, was constructed from Archer's (1960) 
lists. 

For Experiment I, the seven items were formed 
into subsets of three items each, subject to the 
restriction that adjacent items from the series could 
not appear in the same triad. Each triad con- 
tained a trigram that would be correct at a desig- 
nated serial position in the list. Over trials this 
critical item appeared in different positions within 
a triad and in combination with different trigrams 
from the list of seven. The CVCs were typed in 
capital letters, double-spaced vertically above one 
another, and were photographed for presentation 
as 35-mm. slides, Nine series of seven slides each 
were made up to sample various triad positions— 
upper, middle, and lower—for the critical item on 
a slide. The different subsets (triads) formed by 
combinations of critical and noncritical (distractor) 
items were formed to represent equal sampling 
from the various permutations. With one major 
exception, the materials were the same for the two 
groups used in Experiment I. One group, the 
anticipation group, had the critical items of each 
triad underlined ; for the second, the selection group, 
there was no underlining, 

In Experiment II, the materials were similarly 
prepared but the distractors came from outside 
the list, being other CVCs comparable in range 
and association value to critical items, Each task- 
irrelevant distractor was used only once in the 
entire series of slides. 

Procedure, The slides were rear projected onto 
a screen set directly in front of S who was seated 
at an approximate viewing distance of .5 m. A filter 
was interposed in the optical system of a Kodak 
Carousel slide projector to reduce intensity of the 
material to a comfortable viewing level. Height 
of the white letters on a dark screen was approxi- 
mately .63 cm. 

The projector was timed to advance every 3 sec. 
for the anticipation conditions. The beginning of 
each trial was signaled by three asterisks and a 
blank slide was used between trials. The Ss were 
instructed to learn the sequence of critical items 
by spelling out the anticipated trigram before the 
next triad appeared. For the selection groups the 
critical items were not underlined, Ss being in- 
structed to “make the slide change" by selecting 
and spelling out the critical item of each triad. 
A correction procedure was used with E manually 
activating the.slide change mechanism to provide 
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immediate reinforcement for the correct response. 

The criterion was two perfect recitations under 
instructions that stressed the mastery of a sequence 
of items. Immediately after the attainment of 
criterion, S was given a sheet of paper and asked 
to serially recall the items just learned. One minute 
was alloted for this task. 


Results 


Table 1 shows average trials to criterion, 
errors during acquisition, items serially re- 
called, and items correctly spelled but 
serially out of place on the recall test. 
On all measures there were significant dif- 
ferences between the groups within each 
experiment, both with respect to means 
and variances. Correction of heterogeneity 
of variance in no instance invalidated these 
findings, and so / tests were carried out on 
uncorrected measures. As a safeguard, 
however, the ¢ values were evaluated con- 
servatively by using 19 df, rather than 
the 38 df which ordinarily would be used. 
In both experiments the relevant selection 
(RS) and nonrelevant selection (NS) groups 
required significantly fewer trials to crite- 
rion (p < .05 in Experiment I; p < .01 in 
Experiment LI), made fewer errors (p < .01 
in both experiments), but had significantly 
poorer serial recall (p < .01 in both experi- 
ments) than did relevant anticipation (RA) 
and nonrelevant anticipation (NA) groups. 
; T he errors during acquisition represent 
initial guesses made by Ss in selection 
groups. If more than one guess was re- 
quired for a slide change, it was recorded 
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but did not enter into computation 
tests. This choice was predicted 
assumption that Ss under anticipatic. 


ditions generally had time only fo: one 
anticipatory response before the nex! riad 
appeared. 

Since the experiments had bees -on- 
ducted concurrently, the above inc. oen- 
dent analyses were followed by tes on_ 
the pooled data from both studies. A` X 2 
ANOVA on the trials measure cont'-ed 


general findings in showing significant 
effects as a function of task stru 
F (1, 76) = 42.16, p < .001, distro 
F (1, 76) = 5.65, p < .05, as well a 
significant Task X Distractor interac: on, 
F (1, 76 = 832, p<.01. The 
sources of variance were significan! (ps 
< .001) in tests using number of i 
correct on serial recall. 

A trend ANOVA was carried oui on 
(arcsin) transformed percentages of 
errors made at each serial position. Al- 
though overall linear and quadratic t: 
were found (ps < .001), the group ci 
themselves did not differ significant) in 
slope (linear component) or bowness ( 
dratic component). At the same time 
were significant differences in group mca 
as a function of task structure (p < . 
distractor (p < .005), and the Tas: X 
Distractor interaction (p < .05). 

"There were no serial misplacement errors 
on the recall test for Groups RA and NA 
(cf. Table 1), and no significant differences ; 


TABLE 1 
SUMMARY INFORMATION FOR EXPERIMENTS I AND II 
Acquisition 
COPI ASI rae AU MN p al i ; 
cd mc E Recalled serially Misplaced serially 
x SD X E m SD Xx SD (9))* 
DR I 
17.75 8.71 50.01 30.04 6.85 49 
A y i 9 À j .00 (0 
RS 12.40 4.50 | 27.70 | 15.89 4.35 1.60 130 156 Eh 
E Il 
A 18.50 8.54 55.80 34.48 6.80 52 
(c e 4 X f 0.00 0.00 (0 
NS 4.60 1.27 7.00 2.20. 1.75 1.59 1.95 1.39 Eh 


Note. Abbreviations: RA 
vant selection. 


= relevant anticipation; RS = relevant selection; NA = nonrelevant anticipation; NS = nonrele- 
^ Entries in parentheses indicate percentage of total serial recall errors, 
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.-« were observed for such measures for 
Groups RS and NS, ¢ (39) = .24, using 
(arcsin) transforms of percentages of total 
recall errors made by each S. 


EXPERIMENT III 


This experiment was designed to answer 
questions raised by the first two studies. 
First, Experiments I and 1I demonstrated 
that task structure influenced both the 
learning and retention of a common serial 
list. Since the experiments were run in- 
dependently, it could be argued that inter- 
experimental analyses might be suspect. 
Second, it appeared that the learning su- 
- periority of serial VD groups could be 

artifactual in nature. Selection Ss operated 
~ under self-paced correction whereas antici- 

pation Ss were automatically paced. There 
was the possibility that total learning times 
could be similar under both task struc- 
tures, with fewer trials to criterion being 
offset by greater time per trial for dis- 
crimination Ss, Third, a question arose 
concerning the appropriateness of the re- 
tention test. Presumably discrimination 
Ss relied on recognition of the correct 
response acquisition but were given a serial 
recall test to measure retention. For an- 
ticipation Ss, serial recall was in effect 
throughout. Finally, there was some in- 
terest in manipulating the manner of pro- 
viding knowledge of results to discrimina- 
tion Ss, It appeared meaningful to try to 
equate sensory mode and duration of 
knowledge of results as an additional form 
of control. 


Method 


Subjects. A total of 192 Ss, 16 randomly as- 
signed to each of 12 groups, were used. All were 
volunteers fulfilling a requirement for Introductory 
Psychology. 

Materials and procedure. The materials were 
those from the first two experiments, and the same 
general procedure was used as before with addi- 
tional modifications as noted below. Six basic 
experimental treatments were defined, each being 
administered with both task-relevant and task- 
irrelevant distractors for a total of 12 conditions. 

The anticipation condition was a replication of 
Groups RA and NA. 

The selection condition consisted of five varia- 
tions, each being used with the two types of dis- 
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tractor item. (a) Self-paced correction: This t. 
variation was a replication of Groups RS and NS. 
(b) Visual 1: The slide projector was timed to 
advance every 3 sec. as for anticipation groups. 
With the exception of the first slide in each set 
of seven, all slides had the usual triad of items 
plus the item that should have been selected as 
critical from the previous triad. This CVC ap- - 
peared to the left of the new triad in line with — ^ 
the middle item. After the last exposed triad — 
came a slide showing only the CVC that should — 
have been selected from the preceding slide, (e) _ 
Visual 2: A 3-sec. stimulus presentation rate was - 
used as above. During the changeover from one — ^ 
slide to the next (approximately } sec.), a second - 
projector presented the item which should have . 
been selected as critical, (d) Auditory 1: The E — - 
said "right" or "wrong" following each response — 
in accordance with the accuracy of S's selection, 
A Sec. presentation rate was used as above. 
(e) Auditory 2: The Æ spelled out the critical CVC 
during the slide changeover regardless of what 
item S$ had selected as critical and, again, slides 
were autopaced at a 3 sec, rate, 

Knowledge of results was not manipulated for 
the anticipation groups since the variations did not 
appear to be meaningful in that context and be- 
cause we wished to preserve the integrity of the 
serial anticipation task. 

All groups learned to a criterion of two perfect 
recitations and then were given à sheet of paper 
and instructed for serial recall with 1 min. being 
allotted for this task, The remaining Ss received 
à recognition test. The seven critical items were 
embedded in a printed 7 X 7 matrix of CVCs 
representing various degrees of formal similarity 
to the critical items plus additional items needed 
to complete the pool of 42 distractors, These Ss 
were instructed first to circle the seven items they 
recognized as having been critical and then to 
indicate the appropriate serial position for each, 
One minute was allotted for this task. 


Results 


Average trials, errors, and total times 
taken to master the serial list appear in 
Table 2 as a function of experimental con- 
dition. Also shown are average recogni- 
tion scores, serial recall scores, and items 
correctly spelled out but serially misplaced 
during recall, Time measures for Groups 
RS and NS were recorded to the nearest 
second by a stopwatch. Time measures 
for all other, autopaced, groups represent 
the weighting of trials by a constant time — — 
(3 sec.) per trial. 3 

Two-way ANOVA was used to evaluate — ^ 
trials to criterion. The main effect for 
treatments, was significant, F (5, 180) = 
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TABLE 2 : 
SUMMARY INFORMATION FOR EXPERIMENT III a 
Acquisition mae Items recalled D 
Recognition! 7 2 

ru Trials Errors Times Serially | Misp! 

Task relevant distractors (averages) 

19.25 54.38 8:40 5.88 (5.00) 6.88 0.00 

RS 14.63 44.44 9:56 6.25 (5.25) 4.88 HS 
V1-R 17.00 43.63 7:39 5.63 (3.63) 5.13 38 
V2-R 19.56 53.50 8:48 5.88 (3.13) 4.38 1,25 
AI-R 25.75 78.63 11:35 5.25 (2.88) 5.38 50 
A2-R 17.75 47.81 7:59 5.63 (3.88) 5.50 ,38 

Task irrelevant distractors (averages) 

20.06 57.94 9:44 6.14 (6,00) 6.22 0.00 

NS 5.31 13.25 3:22 5.38 aa 1.88 2.00 
V1-N 6.25 13.50 2:49 6.63 (3.75) 3.13 1.13 
V2-N 6.56 11.94 2:57 6.38 es) 3.50 2.00 ( 
A1-N 13.31 31.44 5:59 6.00 (2.63) 2.88 445 ( 
A2-N 7.75 16.38 3:29 5.63 (3.25) 4.38 1.13 


^ Total learning time (in min: sec). - 
b Entries in parentheses indicate average recognized items having correct serial placement. 
© Entries in parentheses show percentage of total serial recall errors. 
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7.58, p < .001, and significantly fewer 
trials were necessary with nonrelevant vs. 
relevant distractors, F (1, 180) = 55.02, 
p «.001. The Treatment X Distractor 
interaction was significant as well, F (5, 
180) = 2.83, p < .05. Pairwise compari- 
sons (Newman-Keuls procedure) carried 
out at each distractor level showed the 
relevant auditory 1 group requiring sig- 
nificantly more trials to criterion (p < .05) 
than the RS, relevant visual 1, and rele- 
vant auditory 2 groups, but not in com- 


Memory test data were analysed 
for the complete experiment (12 g: 
as well as for the 4 groups (RA, RS 
and NS) representing a replication í 
two earlier studies. There was s; 

(1, 168) = 45.82, p < .005, better me: ory 
with relevant distractors, F (1, 16%) = 
12.46, p < .005, and significant effec! 
to the five major treatment conditions, 
F (5, 168) = 5.63, p < .005. Only the 
first-order interactions of Memory Test 


due 


parison to the RA and relevant visual 2 
groups. With nonrelevant distractors, 
there was uniformly slower learning (ps 
< .01, generally) for the anticipation (NA) 
group in every pairwise comparison. 

Tests of simple main effects showed that 
nonrelevant distractors significantly de- 
creased learning trials (ps < .005) when 
used with the serial VD task under every 
knowledge of results condition but had no 
effect upon the mastery of the serial an- 
ticipation task. When serial VD groups 
were pooled and examined against serial 
anticipation groups, all sources of vari- 
ance—task structure, distractor, and inter- 
action—were significant (ps < 005). 


Type X Distractor and Memory Test Type 
X Treatments were significant (ps < .005). 
No significant pairwise comparisons were 
found with respect to recognition test 
performance. Similar comparisons on re- 
call test performance showed the anticipa- 
tion (RA) group to be superior only to 
the RS and relevant visual 2 groups 
(ps < .05) given relevant distractors, and 
the anticipation (NA) group uniformly 
superior to all serial VD groups receiving 
nonrelevant distractors (ps < .01, gener- 
ally). These outcomes were generally con- 
firmed in comparable analyses of the four 
replication groups (ie., serial recall for 
anticipation groups superior to that for 


x 
the | 
nifi- 

cantly better recognition than recoil, F 
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..4 Selection groups, better memory with re- 


levant distractors, and recognition superior 
to recall memory). A significant Task 
X Distractor interaction (p < .01) reflec- 
ted highly comparable memory data for 
anticipation groups but reflected an ad- 
verse effect of nonrelevant distractors for 
selection groups. Although selection Ss 
did not generally differ from anticipation 
Ss in regard to recognition, there was a 
marked difference on the recall test (Task 
X Memory Test interaction, p < .005). 

Additional analyses were conducted on 
those groups representing a replication of 
the two earlier experiments. Examination 
of error variances for the trials-to-criterion 
measure indicated reasonable homogeneity. 
(10 < p < .20) with the pooled data of 
Experiments I and II. Ina 2 X 2 ANOVA 
using trials to criterion, significant dif- 
ferences again appeared as a function of 
task (P < .001) and distractor (p < .05), 
and in the interaction (p < .05). 

A trend ANOVA on arcsin-transformed 
serial position errors for replication groups 
showed the same overall results (ps < .001) 
as in Experiments I and II, with signifi- 


* cant differences in overall group means 


again a function of task (p < .05) and 
distractor (p < .05), and in the interaction 
(p < .01). Contrary to the results of the 
first two studies, significant differences in 
slope, F (3, 60) = 3.73, p < .05, appeared 
as a function of task structure in the third 
experiment. No other trends were ob- 
served, thus replicating the earlier findings. 
Inspection of serial position curves indi- 
cated that for the selection groups the 
curves were less bowed than those for the 
anticipation groups, with a higher per- 
centage of errors at Serial Position 1 for 
the former (8.8% vs. 4.3% of total errors). 

As seen in Table 2, serial misplacement 
errors for Groups RS and NS, while dif- 
fering in average number, were comparable 
when viewed as percentages of total serial 
recall errors. Since group sizes were small 
(n = 8) and because quite a large number 
of Ss had no serial misplacements, a median 
test was used to evaluate serial misplace- 
ments. As in the first two experiments, 
no significant differences appeared. 


Additional analyses were conducted on 
the pooled data from all three studies. 
Trend ANOVA of serial position errors 
confirmed earlier patterns of outcomes, 
showing overall linear and quadratic trends, 
significant differences in group means as a 
function of task, distractor, and the inter- 
action, and significant slope differences 
only as a function of task structure as in 
Experiment III. With pooled data, dif- 
ferences also appeared in the quadratic 
component (p < .005) as a function of 
task structure. Analysis of pooled serial 
misplacement errors showed no significance 
as a function of distractor, experiment, or 
the interaction, using only the data of 
selection groups. 


DISCUSSION 


The major determiner of performance in 
these experiments proved to be the type of 
distractor (old vs. new items), with task 
structure (anticipation vs. selection) assuming 
a lesser but still significant role. With minor 
exceptions, selection groups consistently 
learned faster but had poorer serial recall 
relative to anticipation groups, particularly 
with nonrelevant distractors. For them the 
task combined minimal (recognition) learning 
with easy differentiation of true items from 
distractor items. For both anticipation 
groups, as well as for the selection group with 
relevant distractors, the task was more de- 
manding, requiring serial learning for mastery. 
The difficulty of double-function lists is pre- 
dicted from a frequency theory of VD learning 
and supportive evidence exists for it (e.g., 
Ekstrand, Wallace, & Underwood, 1966; 
Kausler & Boka, 1968). 

The apparent gain in serial order informa- 
tion on a serial VD task having relevant 
distractors is of some interest in view of 
Fulkerson and Johnson’s (1971) finding that 
there were no performance differences when 
serial and random ordering of VD pairs were 
examined, It has been suggested (Kausler 
& Boka, 1968) that incidental learning and 
associative cues may supplement intentional 
learning with frequency cues on VD tasks 
involving double-function lists. The identifi- 
cation of such cues poses a problem, however. 
It is possible that selection group Ss having 
relevant distractors somehow used a time or 
position tag for critical items. Some Ss 
reported trying to learn the beginning and 
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end items in this fashion. Another possibility 
is that frequency cues combined with posi- 
tional cues. While relevant distractors made 
up a triad, the composition of triads varied 
from trial to trial with only the critical items 
remaining invariant in regard to serial posi- 
tion. Thus, frequency with which a given 
trigram occupied a particular ordinal position 
could have mediated learning and serial recall 
in this context. 

Type of distractor had a marked effect 
upon serial VD learning but, surprisingly, had 
no observable effect upon serial anticipation. 
The basic findings of the first two experi- 
ments were confirmed in the replication study 
and ruled out pacing and feedback differences 
having been responsible for the earlier results. 
Although total learning times were held con- 
stant across tasks by controlling stimulus 
rates, significant differences still appeared on 
the trials measure, unaffected by pacing mode 
or knowledge of results variations and less 
marked for selection groups having relevant 
distractors. To the extent that different dis- 
tractor conditions led to differential scanning 
and encoding of response alternatives during 
the anticipation interval there is an additional 
explanation for the slower learning but better 
serial recall (p < .005) for RS vs. NS groups. 
It suggests that the distractor variable may 
operate somewhat like item similarity in VD 
learning (cf. Radtke & Foxman, 1969). 

One unexpected result alluded to earlier 
was the finding (Experiment III) of no sig- 
nificant differences in learning between the 
RA condition and either the NA or RS con- 
ditions. The inherent difficulty of double- 
function lists could account for the slow 
learning under RS conditions. For anticipa- 
tion groups, however, another explanation 
becomes necessary. Peterson, Brewer, and 
Bertucco (1963) have demonstrated that an- 
ticipation task performance is influenced not 
only by the associative strength between 
items but also by the guessing strategies 
employed by Ss. Items of a nine-item list 
were presented in randomly different serial 
orders on each trial and Ss were instructed 
to guess which item would appear next as 
they progressed through the list. Guessing 
accuracy continued to improve from begin- 
ning to end of the list as Ss avoided recently 
presented items and randomly divided their 
guesses among remaining items. Similar gues- 
sing strategies could have been utilized by 
anticipation group Ss of our study who found 
task relevant distractors in triads. Each suc- 


EDWARD A. WADE AND MICHAEL J. BLIER 


cessive anticipation was made under : 1 


tions where three of the seven items vere 
presented, two of which would be inc 
as anticipatory responses. Thus, Ss c ild 


restrict their anticipations to the remai: ng 
four items and, more importantly, rule ut 
previously presented correct items. This :a- 
cilitation of a guessing strategy may | ve 
been sufficient to eliminate what other se 
would have been inferior performance or he 


part of the anticipation relevant conditio: 
This research used a method and mat: al 
designed to permit the comparison of : te 
serial learning with the learning and re: n- 
tion of a serial VD task. Some similar 
in acquisition and retention of identical n- 


terial appeared as a function of task struc! re 
with serial position curves being the nost, 
obvious. Although some differences vre 
found, Table 2 shows that performance |: -ls 
of selection groups having relevant distra: ‘ors 


approached those for anticipation group in 
one instance (relevant auditory 1) being n- 
siderably poorer. Analysis of the four rey) a- 
tion groups of Experiment III showec no 
difference between anticipation groups ar no 
significant difference in trials to master: 
tween anticipation groups and no signii 
difference in trials to mastery betwee: 
RA and RS groups (.05 < p < .10). 
findings reflect those of early studies 
paring different serial tasks and suggest 
there may be a tendency toward som: 
variance in performance as a function of 
structure provided the sets of response a'ter- 
natives at successive choice points are reason- 
ably comparable (ie., relevant distractors). 
Additionally, there appears to be some sup- 
port for McClelland's (1942) observation that, 
given controled item presentation rates, à 
functional similarity is observed between a 
task requiring reproduction and one requiring 
recognition. Reminiscence effects in his study 
seemed to depend upon stimulus presentation 
rates just as in rote serial learning and there 
was some evidence as well for comparable 
learning difficulty for the two tasks. Other 
more recent evidence for functional similarity 
(Schulz & Hopkins, 1968) indicates that sen- 
sory presentation mode and meaningfulness 
appear to operate in parallel fashion in both 
VD and rote serial learning. 
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ORDER INFORMATION IN SHORT-TERM MEMORY ' 


DOUGLAS K. DETTERMAN ? ann JANE BROWN 


University of Dayton 


'Three experiments concerned with ordinal recall are reported. In ordinal 
recall Ss recalled the serial position of an item by writing it in the appropriate 
space on a numbered answer sheet with no constraint on the order in which 
items were recalled. The first two experiments compared ordinal recall to 
free recall with both within- and between-S designs and with method of recall 
specified before and after list presentation. Results indicated that: (a) (Re- 
tention of item information is unaffected by retention of order information as 
reflected by nearly equivalent item retention for both methods of recall; (6) 
not knowing which method of recall would be used before list presentation had 
little influence on retention of item information, but had substantial effects 
on the shape of the serial position curve; and (c) order information was re- 
tained at high levels in both experiments. In a third experiment the effects 
of presentation rate, list length, and total time on ordinal recall were investi- 
gated. Increases in item retention were mainly attributable to longer total 
study times, while increases in order retention were solely a function of study 


time per item. 


Free-recall (FR) instructions produce 
substantially different patterns of retention 
than serial recall (SR) instructions. The 
FR is characterized by higher levels of 
recall, smaller primacy, and larger recency 
effects than SR (Deese, 1957; Jahnke, 
1963). "These dissimilarities have several 
possible sources. Encoding strategies may 
differ, since SR requires that order infor- 
mation be retained and FR does not. This 
may induce strategies in which S devotes 
more attention to rehearsing the items in 
order than he would in FR, which could 
account for the larger primacy effects in 
SR. From a purely informational stand- 
point, SR requires that twice as much in- 
_ formation be remembered as FR does. In 
SR S must remember both item and order 
information, but in FR he is only required 
to remember item information. Besides 
memory of order information, SR imposes 
the additional restriction that items be 
_ produced in order. This confounding of 
order of output and recall of order infor- 
mation may be an important determinant 


1 This research was partially supported by a grant 
from the University of Dayton to the first author. 
? Requests for reprints should be sent to Douglas 
K. Detterman, who is now at the Department of 
Psychology, Case Western Reserve University, 
Cleveland, Ohio 44106. f 


of the differences between the two met! ls 
of recall. 

One of the efforts to separate t!.se 
various factors was made in an experin nt 
by Rohrman and Jahnke (1965) in which 
they attempted to determine if item ad 
order information were subject to diffe: at 
processes. After presentation of a si» le 
list, Ss recalled either item, order, or item 
and order information. Instructions indi- 
cating method of recall were not given 
until after presentation of the list, and no 
restrictions were placed upon the order of 
item output during recall. From the re- 
sults of their experiment, the authors con- 
cluded that item and order information are 
subject to at least partially independent 
processes, and that the major differences 
between SR and FR result from a difference 
in retrieval processes. Zimmerman and 
Underwood (1968) came to a slightly dif- 
ferent conclusion. They found that in- 
forming Ss that they would be tested for 
retention of order information had little 
effect on item or order retention in com- 
parison to giving Ss the same set of free- 
recall lists without prior knowledge of the 
final order information test. They sug- 
gested that order information is an obliga- 
tory attribute. These investigators also 
found, in support of Rohrman and Jahnke, 
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-that memory of position of words within 
lists and position of lists within the task 
was good even when the particular words 
involved had not been recalled. 

In the present experiments an effort was 
made to determine to what extent two 
factors contribute to the dissimilarities be- 
tween FR and SR. First, the most obvious 
difference between FR and SR is that in 
FR only item information must be remem- 
bered, but in SR both item and order in- 
formation are required. To test the effects 
of this factor alone, the additional restric- 
tion upon SR that items be recalled in 
order was eliminated. We called this 
method ordinal recall (OR) to differentiate 
it from SR. The OR method allowed Ss 
to recall list items in any order they wished, 
as in FR, but required them to recall the 
serial position in which the item had ap- 
peared during presentation of the list. 
They did this by writing the item in the 
appropriate space on a numbered answer 
sheet. The only differences between OR 
and FR are the retention of order infor- 
mation in OR and the possibility that dif- 
ferent encoding strategies might be used 
for the two methods. The second factor 
investigated was encoding strategies. They 
were controlled for one group by giving in- 
structions after list presentation as to 
which of the two methods of recall was to 
be used, as in the experiment by Rohrman 
and Jahnke (1965). Both methods of recall 
were required equally often. This tech- 
nique ensured that the same encoding 
strategy was used for both methods of 
recall. However, this technique did not 
allow determination of the type of strategy 
actually employed. In Experiment I two 
control groups used FR or OR on all lists. 
Comparisons of groups given instructions 
before and after list presentation were ex- 
pected to give some notion of the encoding 
strategy used. 


EXPERIMENT Í 
Method 


Subjects. The Ss for this experiment were 60 
volunteers from introductory psychology classes. 
They received extra course credit for participation. 

Design. There were three groups ot 20 Ss each. 
The variables manipulated were “method of recall” 


741 


(OR or FR) and “when method of recall was speci- 
fied” (before [B] or after [A] list presentation), 
Two of the groups were given: instructions on the 
method of recall they were to employ throughout 
the experiment before presentation of the lists, Of 


these groups one used FR (FR-B) and the other - 


OR (OR-B). A third group was given instructions 
at the beginning of the experiment for both OR and 
FR and recalled half of the lists in each way. 
Method of recall was not specified until after pre- 
sentation of each list so that encoding strategy 
could not be adjusted to method of recall. This 
group (OR-A/FR-A) represented two experimental 
conditions, OR-A and FR-A. Performance on the 
half of the lists representing OR-A was compared 
to that on the same lists in the OR-B group; the 
FR-A lists were compared to corresponding lists in 
the FR-B group. This design required that half of 
the data in both B groups be disregarded, since Ss 
in the A group recalled only half of the lists using 
each method of recall. Though this design lacked 
statistical efficiency, it permitted the development 
of optimal encoding strategies by Ss in FR-B and 
OR-B groups. Their performance, unconfounded 
by other factors, could then be compared to that of 
Ss in the OR-A/FR-A group. 

Apparatus and procedure. "Twenty lists of 15 
four-letter nouns were selected from Thorndike and 
Lorge (1944). These lists were tape recorded at a 
rate of 1.5 sec/word. Each list was preceded by 
the word “ready” and followed by the word “recall,” 
A period of 1 min. was allowed between lists for 
recall. Two additional copies were made of this 
tape. On the tape to be used for the OR-A/FR-A 
group, the words “ordinal recall" or "free recall" 
were added after the previously recorded "recall" 
to specify the way that the list was to be recalled. 
Method of recall was randomly assigned to lists 
with the restriction that no more than 2 lists in a 
row be recalled in the same manner, FR was re- 
quested after the following lists: 3, 5, 7, 10, 11, 13, 
14, 16, 18, and 20. In an attempt to control the 
effects of interference or delay that the instructions 
might have on the OR-A/FR-A group, similar in- 
structions pertinent to the conditions were added 
to the tapes to be used for the FR-B and OR-B 
groups. For these groups the instructions served 


no functional purpose, since Ss were told at the | 


start of the experiment to recall each list in the 
same manner, 

All Ss participated in groups of no more than six. 
At the beginning of the session each S was given a 
20-page booklet in which he was to record his 
responses. Each page had 15 spaces numbered 
consecutively from top to bottom. Standard FR 
or OR instructions were given to the FR-A and 
OR-A groups, respectively. The OR instructions 


stressed the fact that Ss could make their responses _ 


in any order they wished, as long as the number of 
the line on which the item was written corresponded 
to its serial position in the original list. The OR-A/ 
FR-A group, which used both methods of recall, 
was given both sets of instructions and told to use 
the method indicated at the end of each list. 
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FIGURE 1. Percent correct recall for each condition in Experiment I. 


| Results 
___ A preliminary inspection of the data in- 
dicated that there were no major differences 
in retention within conditions for the first 
and last half of the experiment. Therefore, 
= data were pooled for all lists within a 
E: particular condition. Scores for FR-A and 
FR-B conditions consisted of the number 
of items correctly recalled. For OR-A and 
OR-B conditions, scores were the number 
of items correctly recalled in their proper 
serial positions. In addition, both OR 
conditions were graded according to an FR 
criterion (ORGFR-A and ORGER-B) : Any 
item correctly recalled was counted correct 
regardless of the serial position to which it 
was assigned. All scores were tabulated 
by serial position of words in the original 
lists and ranged from 0 to 10. Three sets 
_ of scores were recorded by serial position 


TABLE 1 


AVERAGE PERCENT CORRECT RECALL 
FOR EXPERIMENT I 


Recall instructions specified 


Recall method 
Before After 
Eur. a ri eedem e M 
OR 22.2 19.3 
ORGFR 31.7 30.7 
FR 32.3 30.3 


Note. Abbreviations: OR, ordinal recall; ORGER, OR con- 
E graded according to a free-recall criterion; FR, free 
recall. 


for each of the Ss in the OR-A/] -A 
group. One set represented perforn 
on lists employing FR-A; another, cr- 
formance on lists using OR-A ; and a ti. rd, 
performance according to the ORGI -A 
scoring. Each S in the OR-B group .ad 
two sets of scores representing his ©) -B 
and ORGFR-B performance. Only : 
lists recalled OR-A by the OR-A/I’))-A 
group were scored for the OR-B gr: ip. 
The FR-B group had one set of scores 
representing their performance on the same 
lists recalled FR-A by the OR-A/FK-A 
group. 

An overall analysis of the data was pre- 
cluded because method of recall was both 
a between- and within-S variable. In any 
event, comparisons between the various 
groups are of chief interest. 

Figure 1 shows serial position curves for 
each condition; Table 1, the percentage of 
words correctly recalled under each con- 
dition. Itis apparent that prior knowledge 
of method of recall had little influence on 
total retention. When method of recall 
was specified before list presentation, there 
was at most a 2.9% advantage (OR-A vs. 
OR-B). For any given method of recall 
there were no significant differences be- 
tween groups given recall instructions after 
list presentation and those given them 
before. Encoding strategy did seem to 
influence which items were best remem- 
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+ indicated by the significant Serial 
X When Method of Recall was 
interaction between the FR-A and 

onditions, F (14, 532) — 1.96, 

In the FR-A condition, middle 
: remembered more poorly, and 
last items better, than in the 

P ition. For similar comparisons 

'&-A and OR-B conditions there 
ignificant differences. When 
recall was not specified until 
esentation, Ss must have adopted 

a oding strategy for all lists. 

ere, of course, large ditterences 
1 between the FR and OR con- 

‘lore item information was re- 

tained, instance, in the FR-B condition 

th ind order information in the 

GC <3 condition, as indicated by the main 

‘rhod of recall, F (1, 38) = 32.02, 
l'here was also a highly signifi- 
Position X Method of Kecall 

in.ccaction, A (14:532) = 35.85, p < .001, 

indicating that recall in the middle of the 

wer under the OR-B than the 
tion. Some notion of memory 

»formation can be obtained by 

tering the proportion of recalled items 
vhi re assigned to the correct serial 

"der OR. Order information 

api have been retained at very 

high levels. Given that an item is recalled, 

its serial position was correctly recalled an 
average of 66% of the time. 

"Though the differences between OR and 

} conditions were large, they disappeared 

completely when the OR conditions 

were g d using an FR criterion. Com- 

parisons of the serial position curves in the 

third graph of Figure 1 show that there 

MW 19 differences between the FR-A, 

O \, and ORGFR-B conditions. 


Not were as many items recalled 
under caii of these conditions, but serial 
position curves were nearly identical. 


When encoding strategies were equated, 
there were no differences in item recall 
produced by the methods of recall used 
here. 

EXPERIMENT II 


This experiment was a replication of the 
first, using a more economical design. In 
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addition, a shorter list was used in an 
attempt to induce larger differences in 
strategies between the B and A groups. 


Method 


Subjects. The Ss for this experiment were 40 
undergraduate volunteers from an introductory 
psychology course who received extra course credit 
for participation. They were assigned randomly to 
conditions as they reported. 

Design. The design of this experiment employed 
a 2 X 10 X 2 X 2 complete factorial, Method of 
recall (OR or FR) and serial position were varied 
within Ss. Each S used OR for half of the lists and 
FR for the other half. The other factors, varied 
between Ss, were “when method of recall was 
specified” (either before or after list presentation) 
and, to control for the possibility of easier lists 
occurring under one method of recall, a pseudo- 
factor, “lists” (OR lists for half the group were FR 
lists for the other half). 

Material and procedure, Twenty lists of 10 words 
were constructed by randomly eliminating 5 words 
from each of the lists of Experiment I. All Ss were 
tested individually. At the beginning of the ex- 
periment each S had a booklet similar to that used 
in the first experiment, but with only 10 numbered 
spaces per page. Both OR and FR instructions 
were given, and E told S that he would be informed 
which method to use before or after the presentation 
of each list. Stimuli were presented by a slide 
projector at a rate of 1.5 sec/word. A question 
mark at the end of each list signaled the start of a 
30-sec. recall period. 


Results 


Data were scored in the same way as for 
Experiment I. Each S in both the OR-A/ 
FR-A and OR-B/FR-B groups had a set 
of three scores for each serial position, 
ranging from 0 to 10, which represented 
their OR, FR, and ORGFR performance. 

Table 2 shows the percentage of mean 
recall for each condition, and Figure 2 


TABLE 2 


AVERAGE PERCENT CORRECT RECALL 
FOR EXPERIMENT II 


Recall instructions specified 


Recall method 
Before After 
OR 28.8 24.2 
ORGFR 40.2 37.9 
FR 41.7 38.7 


Note. Abbreviations: OR, ordinal recall; ORGFR, OR con- 
EE graded according to a free-recall criterion; FR, free 
E . 
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FiGURE 2. Percent correct recall for each condition in Experiment II. 


shows the percentage of mean recall by 
serial position for each condition. An over- 
all analysis employed only OR and FR 
scores, As in the previous experiment, 
prior knowledge of how a list was to be 
recalled had no significant effect on per- 
formance, though there was a slight but 
nonsignificant advantage for both methods 
of recall when recall method was known 
in advance of list presentation. Encoding 
strategy had a more dramatic effect in this 
experiment than in the last. Earlier items 
were retained better and later items more 


_ poorly in the FR-A condition than in the 
__FR-B condition. This was indicated in the 


- overall analysis by the When Method of 


Recall was Specified X Serial Position 


- interaction, F (9, 324) = 2.36, p < .01, 
-and by the When Method of Recall was 


Specified X Serial Position X; Method of 
Recall interaction, F (9, 324) = 492, p < 
.001. Separate analyses indicated that 
these interactions were largely due to a 
Serial Position X When Method of Recall 
was Specified interaction between the FR-A 
and FR-B conditions, F (9, 324) = 5.87, 
p < .01. Because of this interaction be- 
tween FR-A and FR-B conditions, it seems 
reasonable to conclude that Ss in the FR-A 
condition employed an OR encoding strat- 
egy on all lists. "There were, however, no 
significant differences in mean number of 
items recalled in FR-A and FR-B conditions. 

Again there were large differences be- 
tween the number of items retained under 


the FR condition and the amount of o: ‘er 
and item information retained in the ''R 
condition, as indicated by the main ei ct 
of method of recall, F (1, 36) = 21:9, 


P < .001, and the Method of Recal X: 


Serial Position interaction, F (9, 324 
17.98, p < .001. As before, these di 
ences disappeared when OR condi: 
were graded by an FR criterion. There 
were no differences in the number of it«.us 
retained under FR-A, FR-B, ORGFI:. A, 
or ORGFR-B. Serial position curves ‘or 
ORGFR-A and ORGFR-B were not sig- 
nificantly different from that for the FR-A 
condition. These results would seem to 
indicate that OR produces item retention 
equivalent to FR, and that when encoding 
strategies are the same, the distribution 
of items recalled by serial position in both 
situations will be nearly equivalent. It 
would appear that order information has 
no influence on the retention of item 
information. 

For this experiment, as for the last, the 
probability of correctly recalling an item’s 
ordinal position, given recall of the item, 
was .67. For Experiments I and II, re- 
spectively, 75.4% and 71.5% of those 
items recalled in the wrong serial position 
were recalled within two positions of the 
correct serial position. These results indi- 
cate that order information was not re- 
tained on an all-or-none basis and, even 
when not absolutely correct, was highly 
accurate. In both experiments nearly 90% 


LIST LENGTH, TOTAL TIME, AND ORDER RETENTION IN STM 


of those items recalled were recalled no 
more than two positions away from the 
correct ordinal position. 


EXPERIMENT III 


Experiments I and II suggest that FR 
and OR are similar at least with respect 
to retention of item information. Experi- 
ment III was designed to investigate the 
relationship between item and order infor- 
mation using the OR paradigm alone. An 
attempt was made to determine whether 
measures of item retention and measures 
of order retention are correlated and if 
item and order retention are influenced by 
the same variables. 

A major problem with most methods of 
measuring the retention of order informa- 
tion is that an item must always be re- 
called before its order in the list can be 
given. Though an estimate of the simple 
probability of item retention can be ob- 
tained by considering the number of items 
correctly recalled, no such independent 
measure reflecting the retention of order 
information can be obtained from any task 
without making several presuppositions 
about the relationship of item and order 
information and the processes involved in 
their retention. The alternative employed 
in Experiments I and II and by most other 
investigators (e.g., Waugh, 1961) has been 
to consider the joint probability of item 
and order retention a reflection of the 
retention of order information. To obtain 
an estimate of the joint probability of item 
and order retention, a recalled item is 
counted correct only if its serial position in 
the original list is also recalled correctly. 
This scoring method could largely reflect 
the retention of item information, since S 
cannot recall the serial position of any more 
items than he remembers. To what extent 
the probability of joint retention of item 
and order information is influenced by 
item retention alone is an empirical ques- 
tion explored in this experiment. Another 
possible measure of order information is 
the conditional probability that the serial 
position of an item will be recalled, given 
retention of the item. This conditional 
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probability is a quotient of the joint proba- 
bility of item and order retention divided 
by the simple probability of item retention. 
It reflects the proportion of recalled items 
for which accurate order information is » 
retained. The simple probability of item 
retention, the joint probability of item. 
and order retention, and the conditional - 
probability of order retention, given item 
retention, were dependent variables con- — 
sidered in this experiment, 

The two main independent variables in- 
vestigated were presentation rate and list . 
length. Presentation rate is known to 
influence the retention of item information - 
(Aaronson, 1967), but its effect on reten- ' 
tion of order information has received little — 
attention. List length would also seem to _ 
be an important variable in the retention | 
of order information, since longer lists con- 
tain more order information than shorter 
ones. A third variable investigated. was 
the total study time. Variations of either — 
presentation rate or list length, with the 
other variable fixed, result in correlated 
increases in total study time. Total time 
might well have effects independent of the... 
number of items presented or the rate at — 
which they are presented. Murdock (1960) 
was the first to find support for the total 
time hypothesis with respect to item re- 
tention. Since then there have been several 
tests of the position, yielding both qualified 
negative (e.g., Detterman & Ellis, 1972; 
Roberts, 1972) and positive (Postman & .- 
Warren, 1972) results. In general, this — 
research supports the notion that retention 5 
of item information is positively related to 
increases in total time, though this relation 
may not be linear. 

Since it is impossible to manipulate pre- 
sentation rate, list length, and total time 
independently and simultaneously, the next 
best alternative was adopted. In the main — 
design of the experiment, presentation rate ~ 
and list length were factorially varied, 
which allowed the observation of their 
effects confounded by total time. "Within 
this design some of the groups were equated 
for total study time. Analysis of these 
groups allowed observation of the effects of 
total tine but confounded presentation 


rate and list length. Thus, by comparing 
esults from these two designs, it was pos- 
ible to determine what effects list length 
and presentation rate had on the retention 
f item and order information, and to what 
extent these effects were associated with 
otal study time. 


- Method 


2 
Subjects. The Ss for this experiment were 180 
"undergraduate volunteers from introductory psy- 
“chology courses who received extra course credit for 
participation. A block randomization procedure was 
- used in the assignment of Ss to conditions. 
Design. A 3 X 3 complete factorial in which 
Evene rate (1.50, 2.25, or 3.00 sec. per item) 
"and list length (10, 15, or 20 items) were varied 
between Ss was the major design of the experiment. 
Presentation rates and list lengths were chosen so 
t three pairs of these nine groups were equivalent 
total study time. These six groups formed a 
econd design, a 3 X 2 complete factorial in which 
otal time (22.5, 30.0, or 45.0 sec.) and list length 
hort or long) were varied between Ss. 
Apparatus and procedure. Stimulus materials 
ere 300 four-letter words selected from Thorndike 
and Lorge (1944). Fifteen 20-item lists were con- 
d structed by randomly selecting words from this 
pool. Fifteen 10- and 15-item lists were obtained by 
andom elimination of the appropriate number of 
"words from the previously constructed 20-item lists, 
... AI! Ss participated in the experiment individually. 
When they reported, the purpose of the experiment 
_ was explained and they were given OR instructions. 
hey were also told to indicate order of recall for 
| each item by a number written after the word, 
s Each S was supplied with an answer booklet con- 
taining 15 pages similar to those used in Experi- 
ments I and II. Lists were presented by a Kodak 
Carousel projector, which was advanced by an 
electromechanical timer. The recall period was 1.0 
“min. for all conditions. E 


- Results 


Protocols were scored by three different 
methods. The results of these three Scor- 
ings are referred to as item retention, joint 
retention, and conditional retention Scores 
In the first method of Scoring, retention of 
item information was determined by givin 
_ credit for any item recalled from the ub 
nal list without regard to correctness of 
-order information. This scoring method 

corresponds to the FR scorings of Experi- 
ments I and II. The second scoring method 
yielded joint retention scores that reflected 


DOUGLAS K. DETTERMAN AND JANE BROWN 


TABLE 3 


RETENTION OF ITEM AND ORDER INFORMA N AS 
INDICATED BY DIFFERENT SCoRIN« 
METHODS 


Presentation rate 


List length 


1.50 2.25 3.00 


Item retention scores (items recalled 


10 5.19 5.72 5.96 ) 
15 6.03 6.86 6.84 8 
20 6.67 7TA3 | 738 6 

M 5.97 6.57 6.73 ) 


Joint retention scores (items recalled in t 
serial position) 


10 3.89 4.48 4.52 9 
15 3.98 4.03 4,33 1 
20 343 4.13 4.56 4 

M 3.71 421 4.47 5 


Conditional retention scores 
(percentage of items recalled which are r 
the correct serial position) 


d in 


10 73.3 77.1 74.5 ) 
15 65.8 58.1 62.2 ) 
20 50.0 56.8 62.4 t 

M 63.0 64.0 66.4 5 


retention of both item and order in‘: rma- 
tion. They were obtained by allowing 
credit for a correct response only if a1: item 
from the list was recalled in its correct 
serial position. This method is the same 
as the OR scoring method of Experiments 
I and II. Scores in the third method were 
obtained by dividing the joint retention 
score for each S by his item retention score. 
The resulting conditional retention scores 
represented retention of order information, 
given the- retention of item information. 
Averaged results for each of these scoring 
methods are shown in Table 3. It should 
be noted that item and joint retention 
Scores are presented in terms of the average 
number of items recalled per list, but con- 
ditional retention scores are in terms of 
percentages since they are the result of a 
quotient. 

_ It would be convenient to assume that 
Joint retention scores reflect the retention 
of order information. However, S cannot 
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= 4 recall the order of an item in the list if he 


cannot recall that item. To what extent 
are joint retention scores dependent on 
item retention scores? To answer this 
question a rank order correlation coeffi- 
cient was computed between the mean 
item retention and joint retention scores 
for each of the nine treatment conditions. 
The result (r = .28, > .20) indicated no 
significant relationship between the two 
scoring methods. Evidently these two de- 
pendent measures reflect different processes, 
since those variables which influence one 
do not have corresponding effects on the 
other. It would seem safe to assume that 
joint retention scores do reflect the reten- 
tion of order information, This is not to 
„say that the number of items S remembers 
is unrelated to the amount of order infor- 
mation he remembers under fixed condi- 
tions. Within-group correlations between 
item and joint retention scores ranged from 
.60 to .89 and were all significantly different 
from zero (p « .01). There were also 
significant differences in the degree of 
within-group relationships across groups, 
as indicated by a significant difference 
between the highest and lowest correlation 
(z = 2.43, p < .05). These differences also 
indicate that the two dependent measures 
reflect different processes. 

Analyses of variance were conducted 
separately for each method of scoring. 
Analysis of item retention scores indicated 
significant main effects of presentation rate, 
F (2, 171) = 4.88, p < .01, and list length, 
F (2, 171) = 16.15, p < .001, but no inter- 
action between the two factors. The num- 
ber of items retained increased with slower 
rates of presentation and longer list lengths. 
Analysis of joint retention scores showed 
that only the main effect of presentation 
rate was significant, F (2, 171) = 3.13, 
p < .05, indicating that joint retention of 
item and order information increased with 
slower presentation rates. For conditional 
retention scores, only the main effect of 
list length was significant, F (2, 171) — 
22.78, p « .01. This result was predictable 
from the results of the analyses of item 
retention and joint retention scores, since 
conditional scores result from a quotient of 
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these two scores. Because item retention 
scores increased significantly with longer 
list lengths but joint retention scores did 
not, the significant differences across list 
length for conditional scores could be at- 
tributed to increases in item retention that 
were not accompanied by corresponding 
increases in item and order retention. The 
lack of a significant main effect of presenta- 
tion rate for conditional retention scores 
could be explained in much the same way, 
Increases in item retention scores for slower 
rates of presentation must be accompanied 
by approximately parallel increases in item 
and order retention. Given these circum- 
stances, division of joint retention scores 
yielded approximately constant results 
across presentation rates for a given list 
length, and no main effect of presentation 
rate resulted. 

For a particular list length, variations in 
presentation rate were confounded by dif- 
ferences in total study time. Similarly, for 
a given presentation rate, differences in. 
list length were confounded by differences 
in total study time. Therefore, in the 
previous analysis significant effects of 
presentation rate or list length could be 
attributed to confounded increases in total 
time. To determine the effects of this 
confounding, separate analyses were con- 
ducted on item retention and joint reten- 
tion scores for groups equated for total 
time, but not for list length or presentation 
rate. Table 4 shows scores for the pertinent 
groups from Table 3, rearranged to corre- 
spond to the present analyses. Though 
groups equated for total time were differen- 
tiated by list length (long or short) for 
convenience, it should be remembered that 
list length is confounded by presentation 
rate. 

Analysis of item retention scores revealed 
a significant main effect of total time, F 
(2, 114) = 6.3, p < .01, and a main effect 
of list length which approached statistical 
significance, F (1, 114) = 2.93, p < .09. 
It appears that item retention was mainly 
dependent on the total amount of time 
allowed for study, though there were smaller 
influences attributable to the number of 
items in a, list and the time allowed for 


748 


TABLE 4 


ErrEcrs or TorAL TiwE-AND List LENGTH ON 
RETENTION OF ITEM AND ORDER AND ITEM 
INFORMATION 


List length 
Total time M 
(in sec.) 
Short Long 
Item retention scores (items recalled) 
22.5 5.72 6.03 5.88 
30.0 5.96 6.67 6.32 
45.0 6.84 743 6.99 
M 6.17 6.61 6.39 
Joint retention scores (items recalled in correct 
serial position) 
22.5 448 3.98 4.23 
30.0 4.52 3.43 3.98 
45.0 4,33 4.13 4.23 
M 4.44 3.85 4.15 


studying each item. Analysis of joint re- 
tention scores indicated only a significant 
main effect of list length, F (1, 114) — 4.18, 
b < .05. Total time appears to have had 
no effect whatever on the joint retention 
of item and order information. Since the 


- present analysis confounded list length and 


presentation rate, the significant effects 
found here could be due to either factor. 
In the previous analysis of joint retention 
Scores, in which presentation rate and list 
length were factorially varied, both varia- 
bles were confounded by total time. How- 
ever, failure to obtain significant effects 
related to variations in total time must 
mean that the significant effects of pre- 
sentation rate found in the previous analy- 
sis were due solely to the amount of time 
allowed for the study of each item. It 
would appear that item and order retention 
was dependent upon study time per item. 
To examine the effects of order of recall, 
Input Position X Output Position X Order 
of Recall matrices were constructed for each 
condition. Inspection of these matrices in- 
dicated that the word most frequently re- 
called first was the first word in the list. 
It also appeared that order information 
was better remembered for earlier than 
later recalled items. 
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The failure to find a significant effec: 
list length on the retention of order inf 
mation seemed surprising at first. He 
ever, closer inspection of Ss’ protocc!s 
revealed a possible explanation. "Thou: 
the specific order in which items were : 
called differed markedly from S to S, | 
general strategy seemed to be about 
same for all Ss. They began by recal 
items from one end of the list and thou- 
recalled items from the other end. i-s 
was by no means a universal strate: 
Even within strategies there was a greit 
deal of individual variance. For instan e, 
examination of the protocols of those ^s 
who began by recalling the last items in 
the list revealed that some began with the 
last item and worked backward, others 
began by recalling the fourth or fifth ite.a 
from the end of the list and then work 
forward to the end of the list, and si il 
others skipped around while also confini. g 
recall to the last part of the list. Becai e 
of the idiosyncracies in recall strategies, it 
seemed impossible to summarize them :n 
any satisfactory manner. However, if «t- 
tention were concentrated on remembering 
the order of only the first and last items, ? 
the length of the list should have litiie 
effect, as was the case in this experimeit. 
This observation is also essentially in agree- 
ment with Waugh's (1961) findings that 
in modified serial learning Ss acquire the 
list by “gulps,” learning successive chunks 
of four or five items on each trial and pro- 
ceeding from the beginning to the end of 
the list. 


Discussion 


Most recent theories attempting to explain 
the relationship between item and order in- 
formation (e.g., Estes, 1972; Johnson, 1972; 
Wickelgren, 1970) are closely related to associa- 
tion theory. Like most association theories, 
these theories assume that retention of order 3 
information is dependent on retention of item 
information. The chief justification for this 
assumption seems to come from an experiment 
conducted by Conrad (1965). In this experi- 
ment he found that acoustic confusion in- 
creased with the proximity of the confusing 
items. He interpreted these results to indicate 
that order information is dependent on item 
information. These results, however, are cor- - 


nature and, as such, do not 
dence between order and item 


ive test for independence, of 
j; be to show that the product of 

vrobabilities of item retention and 
tention is equivalent to the joint proba- 
bility of item and order retention. This ex- 
periment is probably impossible because of 
the difficulty in finding a task which measures 
the simple probability of the retention of 


order information and that also provides 
equivalent measures of the simple probability 
“of item retention, Indeed, the problem is 
much the trying to determine whether 
audit | memory is superior. Since 


dalities are measured differently, 
any assurance that they were 
d. This is certainly a compli- 
n in attempting to determine 
f the memory engram and par- 
empting to determine the rela- 
cen its parts. 
t test of the independence hy- 
difficult, if not impossible, the 
ji "native is indirect evidence. 
lo interpretation, like Conrad's 
(1965) experiment, there does appear to be a 
good de: evidence which seems most 
reasonably i.‘crpreted in favor of the inde- 
pendence of em information and order in- 


formation.  ihrman and Jahnke (1965), 
Zimmerman and Underwood (1968), and Ex- 
periments 1 and II reported here have all 
shown that requiring Ss to recall order infor- 
mation has no effect on the amount of item 


information recalled. These findings might be 
explained as they were by Zimmerman and 
, Underwood; that is, order information is an 
obligatory attribute and Ss always learn order 
information when they learn item information. 
However, if this were the case, Ss in a single- 
list multitrial situation should learn as much 
order information under free learning instruc- 
would under ordinal learning in- 


tion th 

struc: his appears unlikely. Two find- 
ings iron: Cxperiment III also suggest inde- 
pendence, | irst, retention of item information 
was due to dificrent variables than was reten- 


tion of order information, suggesting that 
different processes are involved in retention of 
the two kinds of information. Second, the 
retention of item information was not cor- 
related with the retention of order information 
across conditions. 

Two other experiments would also seem to 
Support the independence hypothesis. Roth- 
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kopf (1971) has shown that Ss are able to 
remember the location of substantive material 
even when they are unable to answer correctly. 
a multiple choice question based on that ma- 
terial; ie., they can remember where the 
answer is. If item information and order 
information were completely dependent, this 
could not occur. Finally, Detterman (in 
press) has shown, using Murdock's (1960) con- 
cept of distinctiveness, that the serial position 


curve of memory for lifted weights can be E 


predicted with independence between serial 
position and stimulus intensities. 

A great deal more evidence is required before 
any final decision concerning the independence 
of item information and order information can 
be made. This decision is a prerequisite to 
any well-grounded theoretical effort. Assum- 
ing independence, however, the present results 
seem well explained by frequency and con- 
tiguity. Item retention is explained by fre- 
quency of repetition and order retention is 
explained by contiguity. In free recall Ss re- 
hearse items without much regard for order, 
perhaps focusing on more salient semantic 
associative attributes, but in ordinal recall 
items are rehearsed in order. In both para- 
digms the frequency of repetition of items does 
not differ, and therefore total recall of item 
information does not differ when total time is 
equated. However, when items are rehearsed 
in order they are rehearsed contiguously with 
greater frequency than if some other less con- 
sistent basis or no basis for ordering the items 
is used. Items could also be rehearsed with 
greater contiguity when presentation rates are 
slower. As used here, frequency and contiguity 
are very general terms and require greater 
operational precision. 

The results of Experiments I and II also 
have several implications for the dissimilarities 
between FR and SR. First, inferior retention 
under conditions of SR is almost certainly 
due to the fact that items must be recalled in 
order, not that order information must be re- 
called. 
order in these experiments resulted in nearly. 
equivalent retention for OR and FR. Second, 
differences in the shape of the serial position. 
curves for SR and FR are most likely due to 
differences in encoding strategies, not in re- 
trieval strategies as Rohrman and Jahnke 


(1965) suggest. 
Finally, Experiment III supports the find- 


ings of Postman and Warren (1972) regarding $ 
the effect of total time on item retention. It - 


would appear that item retention is related, 


749 


PEINT eee CP TERE 


Elimination of restrictions on output - 


> 


750 


though not linearly, to total presentation time. 
This relationship, however, does not obtain for 
order information. 
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DEPTH OF PROCESSING PICTURES OF FACES 
AND RECOGNITION MEMORY! 


GORDON H. BOWER? anp MARTIN B. KARLIN 


Slanford University 


These studies ask whether S remembers a picture better the greater the 


“depth of processing” he allots to it. 
varied according to judgments of sex ( 


Depth of processing pictures of faces was 
“‘superficial”’) or judgments of likableness 


or honesty of the person pictured. Performance on a later recognition memory 
test was high for pictures judged for likableness or honesty, and low for pictures 


judged for sex. This ordering held 
incidental learners. 
was not materially affected by a coi 


as true for intentional learners as for 


A final experiment showed that face recognition memory 


ntext manipulation: an old test picture 


was remembered at a level determined by its original depth of processing and 
independently of how it was tested—either alone, along side an old picture 
it had been studied with, or with a new picture. 


In a recent paper, Craik and Lockhart 
(1972) argued that “depth of processing” 
of stimulus material is a direct determinant 
of how well that material will be remem- 
bered. The underlying assumption in their 
approach is that a stimulus is processed 
through a series of stages with different 
kinds of information being extracted from 
or triggered off by the stimulus at suc- 
cessive stages. Sensory features of the 
stimulus are presumably extracted first, 
Whereas associative information (such as 
the name or meaning of a grapheme) be- 
comes available later. In support of their 
depth of processing hypothesis, Craik and 
Lockhart review studies showing higher 
incidental learning for words which Ss had 
processed for meaning than for items proc- 
essed for physical attributes. For instance, 
Hyde and Jenkins (1969) oriented Ss to 
answer different questions with respect to 
a word, either counting the number of 
letters in it or the number of es, or rating 
it for pleasantness. Those Ss who did 
the pleasantness judgments recalled the 
words later much better than did the 
other Ss. Similarly, Johnston and Jenkins 
(1971) showed that Ss required to think 
of an adjective appropriate to a presented 


1 This research was supported by Grant MH- 
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noun had greater recall for the nouns later 
than did Ss required to supply a rhyming - 
word for the noun. To gain further sup- | 
port for the hypothesis, Craik (1973) had 
Ss make one of three judgments about a 
presented word: whether it (c) was printed | 
in upper- or lowercase letters, (b) rhymed 
with a given word, or (c) made sense when 
inserted into a given sentence frame. 
Craik found that the reaction time for- 
these judgments increased in the order 
given above, and that recognition and 
recall on a later unexpected memory test 
increased linearly with reaction time (RT). 
Presumably, it is not the decision RT 
per se that is important, but the extent 
of semantic processing of the item. 

It is noteworthy that all the studies 
supporting the depth of processing hypoth- 
esis have used words as learning materials. 
There is therefore a need to explore the 
generality of such effects with other stim- 
ulus domains. Memory for pictures natu- 
rally suggests itself as a possible counter- 
example, since such memory seems quite - 
substantial even with relatively rapid pres- 
entation rates and low processing levels 
(see Haber, 1970; Shepard, 1967). More- 
over, if some kind of "imagery code" for 
the item is set up within a few seconds of 
its presentation, then there may be nothing 
"deeper" to be established as a result of — 
an orienting task. : 

Now, recognition memory for common 
pictures is notoriously high, so one must 
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find some class of pictures which will lead 
to less spectacular memory. For this 
reason, we used pictures of faces drawn 
from a college student yearbook as learning 
materials; these faces are relatively homo- 
geneous and Ss show substantial forgetting 
of them over intervals of several minutes. 
The orienting tasks studied here involved 
judgments by Ss with respect to three 
. dimensions of the picture: sex, likableness, 
and honesty of the person in the picture. 
Judgment of sex presumably represents a 
lower level of processing than the other 
two judgments, so according to the depth 
of processing hypothesis, it should result 
in lower recognition memory than the 
other two. There was no a priori reason 
for ordering the other two judgments. 


EXPERIMENT I 


Method. 


Subjects and design. The Ss were 12 university 
students who were fulfilling a participation require- 
ment for their introductory psychology course. 
The design was within-Ss, with repeated recogni- 

|. tion measures obtained from each S at each of the 
three different levels of processing. 

Materials. Two hundred-sixteen black-and-white 
35-mm. slides were made from pictures in the 1972 
Yale Beacon, the Yale University senior yearbook. 
These comprised 72 duplicate pairs along with 72 
unique slides, The study set was made up of one 

“member of each pair of duplicates. The test set 
was made up of the other member of each pair 
mixed in among the 72 unique slides, the ‘“dis- 
tractor" items. Half of the slides were of females, 
half were of males. Pictures were so selected as 
to insure some uniformity of the pictures, so dis- 
tinctive cues were not readily apparent. Any 
picture of a person with any unusual characteristics 
(eg. a hat, large earrings, etc.) was eliminated. 
. All pictures were of Caucasians, and all of the 
males were wearing ties, The 72 study items 

were randomly ordered, divided into 6 groups of 

12 slides each, and then placed in a slide tray 

with a blank slide separating each group. The 

144 test items (the 72 duplicates plus 72 distractors) 
_ were randomly ordered and placed into two more 

slide trays with 72 slides in each. All slides were 

shown on a Kodak Carousel projector which ad- 
vanced at the rate of one slide every 5 sec. 
Procedure. The Ss were led to believe that we 
were interested in how fast they could make dif- 
ferent kinds of judgments about a person, using 
only his photograph as evidence. They were to 
indicate their judgment by pressing one of two 
buttons on a console before them. Wires from 
the.console led through a hole in the wall into 
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an adjoining room. Before starting the expe: ‘nent, 
E excused himself to “turn on some data-re-ording ^ 
equipment in the other room." Actually, on- 
sole buttons were not connected to any eq: ent. 
The cover task was furthered by (a) ask S if 


he had been "in any reaction time ex; nts 


before," and (b) instructing him to “be su nd 
ie 


press the button firmly so that the respon: 
recorded properly.” 

The Ss were then informed of the thre« 
of judgments. Each slide received one o! 


binary judgments, based on either sex, likal! ess, 
or honesty of the person shown. For t! sex 
judgment, one button was to be pressed fo: es, 
the other for females. For the likableness jud; nt, 
Ss were told to "use whatever criteria you t 
to judge the degree of likableness of the po on 
in the photograph, and to use one button for |^ ose 
people who were more likable than average, nd 
the other for those who were less likable. H ty 
was to be judged on a similar subjective le, 


with one button for more honest and the ot! 


less honest. The Ss were told that as each ide 
was presented, they were to make their judg ent 
as quickly and as accurately as possible. ter 
their response, they were instructed to cos ^ue 
looking at the slide until the next one appo ed. 
Each slide was presented for 5 sec. The in 
Experiment I were not told that they would ave 


to remember the faces for a subsequent task 

Before each block of 12 slides, Ss wer: 
which judgment to make during that block. 
three different judgments and six blocks of 
each type of judgment was made twice 
during the first three blocks and once duri: 
last three. The order of judgment types deri 
the study set (as well as the assigned but 
was counterbalanced across Ss. 

After the study set was shown, Ss were informed 
that they would then view a set of test slides, 
some of which were duplicates of those they had 
just seen. For each slide presented, Ss were to 
indicate on a response sheet whether they thought 
the slide had been in the study set (was old) or 
had not been studied (was new). The Ss responded 
by circling a number from 1 through 6 on a re- 
sponse sheet. The number circled indicated the 
binary old-mew decision along with S's degree of 
confidence in the correctness of his judgment (from 
guess, to probably, to sure). The 144 test slides 
were then shown at a 5-sec. rate. After the re- 
cognition task was completed, S was debriefed. 


Results 


The primary data for the three condi- 
tions are shown in the left columns of 
Table 1, with Column 1 reporting the 
mean confidence ratings (where 1 = sure 
old) and Column 2 reporting the propor- 
tion of old responses to test stimuli. Re- 
sponses to the distractors appear in the 
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TABLE 1 


CONFIDENCE Ratings (CR) AnD Hir Rates (HR) 


FOR INCIDENTAL AND INTENTIONAL 
LEARNERS 


Experiment I—in- 


Experiment II—in- 
cidental learners 


tentional learners 


Judgment 
CR HR CR HR 
Honesty 2.19 81 2.41 76 
Likableness 2.37 EI 2.08 .80 
Sex 2.98 -60 3.09 56 
Distractors 4.73 ds 4.98 128 


* False positive rate for distractors, 


bottom row; there was a 15% “false posi- 
tive" error rate to the new distractors in 
Experiment I. The standard deviations 
for the confidence ratings are all near .42, 


“and for the old proportions are all near .10. 


Clearly, Ss show good discrimination 
between any old stimulus and a new stim- 
ulus. Also, pictures that had been judged 
for sex were remembered less well than 
pictures judged for honesty or likableness. 
This contrast was significant at the .001 
level for confidence ratings and for hit 
rates (arc sine transformation). A further 


»contrast compared memory for pictures 


receiving honesty vs. likableness judg- 
ments, A correlated ¢ test declared the 
advantage of the honesty judgment to be 
narginally significant for both confidence 
ratings, # (11) = 2.38, p < .05, and hit 
rates, £ (11) = 3.05, p < .02. 


Discussion 


A few procedural remarks are appropriate. 
First, the possible "ceiling effect” for picture 
recognition was avoided by use of face pic- 
tures, which are a readily available, homo- 
geneous source of stimuli. Over a retention 
interval of 15 min. or so, the recognition rate 
did not exceed 81%. Second, the task de- 
ception was effective: no S expected the 
recognition memory test, and all found the 
judgment tasks reasonable and interesting. 

We have presumed that our three orienting 
tasks require differing degrees of processing 
or analysis of the pictured face. Evidently, 
we may conclude that these differing degrees 
of processing of a picture produce correspond- 
ing differences in later memory for that face. 
What is missing in this description is a fuller 


characterization of what depth of processing 
means with faces. 
We may compare our results with those. 


of Craik (1973) or Hyde and Jenkins (1969), - 


who showed better recall or recognition of 
words when the orienting task required Ss to 


Process the semantic meaning of the word . 


rather than its visual appearance. 
a face hasn't a 


Although 
"semantic meaning" in the 


sense that a word does, it still may trigger - 


a number of associations, such as the re- 
semblance of the face to that of a friend or 
celebrity. Thus, greater depth of processing 


of a face might correspond to a greater number | 


of unique associations that S retrieves from 
his memory. Alternatively, we might describe 
the depth of processing of faces in terms of 
the amount of detail extracted during analyses 
when comparing the stimulus to an array of 
prototypes or set of criteria for deciding upon 
such vague classifications as honesty or lika- 
bleness. We may suppose that a fraction of 
these extracted features are represented in 
the memory trace of the face; the later 
recognition memory just reflects this dif- 
ference in number of descriptive features 
stored. 

A plausible alternative to the above hy- 
potheses is that because sex judgments can 
be made more quickly than honesty or lika- 
bleness judgments, S spends less time per se 
looking at the faces during study. Therefore, 
the later difference in recognition memory. 
would, on this hypothesis, simply reflect the 
difference in functional (effective) exposure 
time to the picture to be learned. To assess 
this alternative account, Experiment II used 
the same three processing tasks, but Ss re- 
ceived intentional learning instructions, In 
this case, it would be expected that Ss would 
study the face for the full time it is in view, 


EXPERIMENT II 
Method 


The procedure was identical in all respects to 


the preceding study, except for the addition of 
intentional learning instructions along with the 
orienting judgment (sex, honesty, or likableness). 
Twelve new Ss from the same source were told 
to "study each picture carefully even after making 
your response so that you will be able to recognize 
the pictures in a subsequent task,” 


Results 


The data were analyzed as before and 
are summarized in the right-hand columns 
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in Table 1. As before, memory is poorest 
for pictures judged for sex; comparing it 
to the honesty and likableness conditions 
combined, ¢ (11) = 7.52, p < .001, for con- 
fidence ratings, and ¢ (11) = 6.32, p< 
.001, for hit rates. As can be seen from 
Table 1, honesty and likableness judg- 
ments in this experiment were in reversed 
order from Experiment I. These two con- 
ditions showed a significant difference in 
confidence ratings, ¢ (11) = 2.45, p < .05, 
but not in hit rate, ¢ (11) = .78. 
The recognition rates for intentional 
learners (right columns of Table 1) and 
incidental learners (left columns) are quite 
similar. Cross-experimental comparisons 
of recognition rates for the four classes of 
test stimuli yielded no significant dif- 
ferences. This finding of no difference 
appears to be a common one with recog- 
nition memory: the mode of processing 
the input is critically important, whereas 
the intention to learn or the expectation 
of a retention test appears of lesser 
importance. 
The conclusion is that the effect of the 
depth of processing upon memory for faces 
is not a simple artifact of variation in 
. functional study time. Rather, different 

amounts or different types of information 
. are being stored about the face, depending 
. On its mode of processing. 


EXPERIMENT III 


The final experiment searched for an 
influence of context upon face recognition. 
Our experiment is modeled after ones by 
Tulving and Thomson (1971) and Thomson 
(1972) ; they had Ss study words presented 
singly or in pairs, and then tested their 
recognition memory for a given word pre- 
sented either singly, in an old pair, or in 
a new pair. They found that any change 
in the surrounding context of presentation 
for a word reduced its recognition rate. 
They interpreted their results in terms of 
the encoding specificity principle: that the 
context prevailing at presentation influences 
how a stimulus is encoded or represented 
internally, and the retrieval conditions 
during testing must reactivate that old 
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encoding in order for recognition me: 
to occur. 
We asked whether we could show efi ts 


on face recognition by such elemen: ry 
manipulations of presentation conditic is, 
The Tulving and Thomson (1971) p. a- 
digm was combined with an intent: aal 


learning situation at two levels of p vc- 
essing. The orienting tasks involved j: lg- 
ments of either sex or compatil 
Judgments were made for pairs of | es 


presented simultaneously. For the ‘ex 
judgments, each member of the pair -as 
judged independently. In the comp. ti- 
bility condition, however, each picture -as 
to be considered in relation to the © er 
member of the pair. The Ss had to ji ge 
whether the pair of people would be so: 


compatible with one another. This ex 
comparison and relative evaluation p: 
at input would seem to maximiz 
chances of finding a context effe 
recognition memory. On these grc: 
then, one would expect lower recog: 
for items under changed test conte 
they were originally judged for co: 
bility, but not if they were judg: 
dependently for sex. As before, v 
pected too that compatibility items v 
recognized better than sex items. 


Method 
Subjects and design. Twelve Ss (7 male, 5 temale) 
participated in the experiment. Of these, 2 received 


course credit, whereas 10 were paid $1.75 íor an 


hour's service. The experiment had a within-Ss 

design, with repeated measures from each S for 

the 11 recognition conditions outlined below 
Materials. The slides were identical to those 


used in the previous studies, but they were pre- 
sented in pairs. Two projectors showed slides 
simultaneously side by side, advancing every 8 sec- 
The study set consisted of the same 72 slides as 
used before, except they were presented as 36 pairs 
of slides by projecting each pair side-by-side On 
the wall of the experiment room. These 36 pairs 
were separated into two blocks of 18 pairs each. 
One block was judged for sex, the other for 
compatibility. 

The test set again consisted of the duplicates of 
each study slide, plus the 72 distractors, present! 


in a new manner. In the recognition test, S saW | 


the slides either singly or in pairs. When only 
one slide was to be viewed at a time, a dummy 
slide was placed in one slide tray so that half of 
the screen remained dark. 
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There were several different types of test items, 
New (“distractor”) slides were presented singly 
( = 12), with another new slide (n = 40), or with 

1 an old slide (n — 20). Old slides were presented 

] alone (m — 12), beside the same old picture they 
| had been paired with during study (m = 20), 
H beside a different but old picture (m = 20), or 
beside a new slide (m = 20). Half of each type 
of old slide had been judged for sex and half for 
compatibility. 

Procedure. The Ss were told that they would 
have to make one of two decisions about the pairs 
$ of slides shown. For the sex condition, they were 

to judge the sex of each member of the pair and 

make fwo responses for each pair shown, the first 
response for the picture on the left, the second for 
the picture on the right. As previously, SS. re- 
sponded by pressing dummy buttons on a console— 
one button for male, the other for female. For 
the compatibility condition, S was told to examine 
both pictures and judge how compatible the two 
as people were, i.e., "whether or not they would be 
" friends." Only one yes-mo response was made for 
such a pair. 
Each S made either the sex or compatibility 
judgment on all slides in the first block of 18 pairs, 
and the other judgment on the second block of 18. 
The order of conditions was counterbalanced 
across Ss. The Ss saw each pair of slides for 
8 sec.; they were told to study the slides after 
, making their responses, so that they would be able 
^ to recognize the pictures in a subsequent memory 
test. 
== After presentation of the study set, Ss were 
given an answer sheet and the recognition task 
was explained. The same 6-point rating scale as 
before was used. They were instructed to make 
recognition judgments of each picture indepen- 
dently of the other one being shown. The Ss 
responded by writing a number for each slide in 
the appropriate space on the answer sheet. The Ss 
were told that old pictures would always appear 
on the same side of the screen that they had ap- 
peared on during the study set. During the rec- 
ognition test, the slide pairs were shown every 
eight sec. 


ai 


Results 


Mean confidence ratings and hit rates 
were calculated for all 11 test conditions. 
Since these two measures yielded parallel 

sæ results, only those for confidence ratings 
will be reported. These means are shown 
in Figure 1, with the various test condi- 
tions marked along the horizontal axis. 
Figure 1 conveys the main facts yielded 
by the statistical analysis. There is sig- 
nificant discrimination of old from mew 
Stimuli, and pictures involved in pairs 
judged for compatibility during study are 
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of test category. (Note that for “Olds,” the lower 
the rating, the better the performance.) 


remembered much more than pictures 
judged for sex. For this latter contrast, 
t (11) = 2.59, p < .05, replicating our 
earlier results for face memory depending 
on depth of initial processing. 

It is also apparent that there is little if 
any "context" effect upon these recogni- 
tion judgments: The mean confidence 
rating assigned to an old picture does not 
vary much with the manner of its test 
presentation. The critical comparison is 
between performance to old — same pair 
(see Figure 1) which maintains the study 
context, and the three changed contexts 
for testing an old item. Combining the 
three latter conditions, their contrast to 
the old — same pair performance yielded the 
following four ¢ values (all df = 11); 
sex stimuli—confidence ratings, / = 1.16, 
transformed hit rate, ¢ = 1.30; compati- 
bility stimuli—confidence ratings, £ = 2.07 
(b < .10), transformed hit rate, t = 1.50, 
Thus, there is no statistical evidence for 
a strong effect of test context upon re- 
cognition memory for old. pictures. The 
largest context effect in the experiment 
occurs for performance to new stimuli (right 
side of Figure 1), where a new stimulus 
tested with an old one received a higher 
“recognition” rate (and lower confidence 
rating) than a new stimulus presented 
alone. This is the sort of result to be 
expected either if there is some “general- 
ization of familiarity” among members of 
a test pair or a persisting “response set" 


- to say yes to both test cues when one item 
is definitely recognized. However, these 
trends in the mew stimulus ratings fall 
short of statistical significance, so they 
should not be given much weight. 


GENERAL DISCUSSION 


Two issues are to be discussed. The first 
concerns the lack of context effect upon face 
recognition memory in Experiment III. This 
occurred despite the use of the Tulving and 
" Thomson (1971) paradigm, which did yield 
strong context effects with words as stimuli. 
- The obvious interpretation is that in this 
task, emphasizing individual recognition of 
unambiguous faces, the encoding of each face 
was unaffected by its context. This might 
be expected on the basis that encoding faces 
is a highly routinized skill, and its output is 
not subject to much variability when the 
picture is unambiguous. Of course, one can 
. compose ambiguous face pictures (e.g., the 
wife vs. mother-in-law picture) for which con- 
textual settings would begin to operate for 
encoding and recognition memory. 

There is a second context effect in face 
ecognition familiar to all of us, that in 
which we fail to recognize an acquaintance 
| when we come across him in some unexpected 
| place, However, that effect would appear to 
_ be a case of the well-known effect of expecta- 
_ tion upon perceptual achievements. That is, 
perceptual identification depends jointly on 
_ the strength of the sensory evidence and the 
expectations suggested by the background 
context (e.g., Morton's 1969 ‘‘logogen” model). 
_ In such an analysis, the familiar phenomenon 
of “I couldn't recognize you out of context” 
would have a different explanation than the 
Tulving and Thomson results showing en- 
coding variability of single words presented 
- for recognition. 
$ t 2 
A second issue for discussion concerns 

speculations about what depth of processing 

means for faces, and why it helps memory. 

Consider say, honesty judgments vs. sex 
_ judgments of a face. Now, for the present 

set of pictures, sex could be judged by noting 

one or another salient cue, such as presence 
of a necktie, short hair, rough skin, bushy 
eyebrows, cosmetic makeup, and so on. 

Judgment of honesty of a face would appear 

to require comparison to an idiosyncratic set 

of vague prototypes or criteria, regarding the 
patterning of features such as distance be- 
tween eyes, size of eyes, size of pupils, cur- 
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vature of mouth, thickness of lips, 3-4 so on.- 
The decision is probably influen: by S 
remembering a person he knows w^ resem- 
bles the pictured person, with S t! udging 
the honesty of the "stimulus perso: rd- 


rieved 


ing to his judgment of the “person 

from memory." There are proba! urther 
strategies by which such honesty j. ments] 
might be made (e.g., sampling “hon ;eople 
I've known" from memory for co iison? 
to the test stimulus). But suffice ) say 
that all such judgments seem to rec that 
more features of the face be exami that | 
they be examined more times per secc d, and | 
that there be more use of the stiv lus to) 
search through memory and compar to re- 


trieved “honest prototypes." This di“ erential 
processing of the face might be inc xed by 
the number of eye fixations, since Loftus 
(1972) found greater recognition mer ory for 
pictures (of naturalistic scenes) that received 


more eye fixations during a constan: study 
interval. 

The constructionist view of memory (Neis: | 
ser, 1967) would suppose that part f what 
is stored about a stimulus is the -cries of 
cognitive operations or constructive » tivities p 
needed to arrive at a decision al out tht! 


stimulus. An implication for the pre-ent case 


would be that if S "recognized" a : st fac 4 
then he should be able to remen:!r what 
kind of judgment (sex or honesty) he had 

How- 


made about it during the study tria.. 
ever, such data were not collected in the à 
present experiment, since the “blocked” nà- |) 
ture of the alternating judgment tasks woul 
make the memory for judgment type cor- 
relate with memory for the position of an 
item in the study list. A study to uncon- 
found list position and mode of processing 18 
yet to be done. ; 

An alternative prediction is that if 5 1 
asked during the recognition task to make 
either the same or a different judgment about À 
each picture,. performance will be facilitated | | 
when S makes the same judgment as during | 
Study, since he will repeat the same cognitive 
operations, i.e., access the same “schemata ? 
as before. 

To reiterate, the simple message of these 
experiments is that storage in memory © 
perceptions of faces (surely an overpracticed 
skill) can still be varied by requiring differing 
“depths” or degrees of analysis and processing 
of the face with respect to different criteria. 
The practical prescription is that if you want 
to remember a person's face, try to make à 


number of difficult personal judgments about 
his face when you are first meeting him. 
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In Thorndikian experiments, 


were told whether Trial 1 responses were 7". 
diately af! 


when given this information imme 


In Experiment I, Ss given 23 learning 
It was hypothesized that this discrepancy is 


delayed information have in recalling 
have recalled the response made on tr 
that it was wrong. 
their previous respon: 
formation, The resul 


In the standard Thorndikian experiment, 
S is presented with a small set of response 
alternatives and told to try to learn which of 
‘these is the correct response for each of a 
large number of stimuli. On each trial, every 
stimulus is presented once, and S must select 
- one of the response alternatives. Immediately 
after each response, E announces whether 
that response was right or wrong. 

Buchwald (1969) presented a theoretical 

: model to account for repetition of responses 
- from Trial 1 to Trial 2 of a Thorndikian ex- 
_ periment. The model is based on the assump- 
- tions that the responses made on Trial 2 
. depend upon the recall of information from 
Trial 1, that responses and their outcomes 

- can be recalled independently, and that the 
probability of recall does not depend upon 

. whether a response was called right or 
wrong. On Trial 2, S will: (a) respond 
- randomly if the previous response is not re- 
called; (b) repeat a correct response and not 

- repeat an incorrect response if the response 
and its outcome are both recalled; and (c) 
- repeat some proportion of the responses when 
“responses are recalled but outcomes are not. 
This formulation implies that performance 
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Ss have performed better on Trial 2 when they 


In two additional experim 
ses after 2 trials with either immediate or delayed in- 
ts tend to support the hypothesis. 


ight or wrong on Trial 2 than 
ter each response on Trial 1. 
trials failed to show a similar effect. 
due to the difficulty that Ss with 
responses made on trial n when they 
ial 1 —1 but have been told on trial » 
ents, Ss were asked to recall 


on Trial 2 could be made more efficie t by i 
eliminating the possibility that outcom will 
be forgotten. 

Two experiments designed to this 
hypothesis have been reported (B hwald, 
1967, 1969). They used a delayed | utcome 
procedure devised to insure that out. omes of 
Trial 1 responses would be recalled n Trial 
2. In this procedure, responses ere not 
called right or wrong when they we © made 
on Trial 1, but as each stimulus w is pre- 
sented on. Trial 2, E announced whetl.et the 
previous response to it had been right ot 
wrong. In one experiment (Buchwald, 
1967), Ss were given delayed outcomes for 
responses to some stimuli and immediate out- 
comes (the standard Thorndikian pr cedure) 
for responses to others. Equal numbers of 
right responses were repeated in the two con- 
ditions, but fewer wrong responses were Te- 
peated with delayed outcomes. In a second 
experiment (Buchwald, 1969), some Ss were of 
exposed to both conditions, while others were © 
subjected to only one of the two procedures. " 
In both cases, fewer wrong responses werelt 
repeated when delayed outcomes were given. to 
In addition, Ss given only delayed outcomes 
repeated more right responses tha" those 
given only immediate outcomes. 

This paper presents three experiments 
comparing the delayed outcome and imme- i 
diate outcome procedures. Experiment Irr 
was simply an extension of the earlie: 
periments to a longer series of trials. 


r exore 
(The? 

first two trials of this series provided the 
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LEARNING AND RECALL OF RESPONSES WITH DELAYED OUTCOMES 


s: orted earlier—Buchwald, 1969.) It was 
i “ended to test the hypothesis that Ss would 
ke fewer errors in learning with delayed 
comes than with immediate outcomes, 
is hypothesis is based on the idea that with 
the immediate outcome procedure, S may 
make an error unless he recalls both a pre- 
vious response and its outcome, while with 
the delayed outcome procedure, S will not 
make an error if he recalls a previous re- 
sponse. 


EXPERIMENT I 
Method 


Subjects, Forty-eight men and 48 women en- 
rolled in courses in introductory psychology served 
as Ss. None had previously participated in a 
similar experiment. 

Materials. The stimuli consisted of 16 one- 
syllable English words selected from the Thorn- 
dike-Lorge (1944) A and AA lists. The response 
iternatives were the digits 3 and 5. ` Each of these 
was randomly chosen to be the correct response for 
ight stimuli. 

Procedure. Sixteen Ss of each sex were ran- 
lomly assigned to one of three groups, Group I 
‘immediate outcomes), Group D (delayed out- 
omes), and Group I-D (both outcomes). Each S$ 
vas seen individually. He was told that he would 
ear a list of words read one at a time, that he was 
o try to learn which of the numbers, 3 or 5, had 
een assigned to each word, and that he must say 
ither 3 or 5 each time a word was presented. All 
s were told that E would say right and wrong to 
form them whether their responses were correct 
r incorrect, and Ss in each group were given ap- 
"opriate instructions as to when this information 

ould be presented. Abbreviated versions of these 
structions were also given before Trials 2 and 3. 
Every S was given 23 trials, unless he met a 
iterion of 2 consecutive errorless trials prior to 
is point. Each trial consisted of one presentation 
each stimulus item, with the items being pre- 

nted in a different randomly selected order on 
ch trial. All stimuli were presented orally. Re- 
onses were self-paced. No explicit controls over 
ne intervals were used except that E attempted 
leave a .5-sec. gap between S's response (or E's 
ying right or wrong) and the presentation of the 
xt word. The specific procedure within a trial 
fered for the three experimental groups. 
l. Group I: E said right or wrong, as appro- 
ate, immediately after each response. 
^ Group D: Æ said nothing after S's response, 
| merely presented the next item. Starting with 
ial 2, E said right or wrong, as appropriate, after 
senting each stimulus word, and then § re- 
nded. The Ss had been informed that these 
louncements referred to their responses on the 
vious trial, 
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TABLE 1 
MEAN TOTAL NUMBER OF Errors: 
EXPERIMENT I 
Group (condition) Number of errors 

Group I 84.34 
Group D 87.44 
Group I-D* 

Immediate outcomes 77.68 

Delayed outcomes 105.50 


Mean number of errors multiplied by 2. 
Note. Abbreviations: I = immediate outcomes, D = de- 
layed outcomes. 


3. Group I-D: For eight of the words, the pro- 
cedure was that used with Group I, and for the 
other eight words, it was that used with Group D. 
The words were randomly assigned to the two 
subsets with the restriction that 3 be the correct 


response to exactly half of the items given each 
treatment. 


Results and Discussion 


Contrary to the hypothesis, Ss did not 
make fewer errors when learning with de- 
layed outcomes than when learning with im- 
mediate outcomes, The mean numbers of 
errors made under various conditions are 
shown in Table 1. (The means for Group 
I-D have been multiplied by 2 to facilitate 
comparisons.) Although Group D made 
more errors than Group I, the difference was 
small. In contrast, Group I-D made con- 
Siderably more errors when learning with 
delayed outcomes than when learning with 
immediate outcomes, 

Since trials were discontinued after S's had 
reached the criterion of 2 consecutive error- 
less trials on all 16 words, these means are 
based on the implicit assumption that no 
errors would be made after this point, This 
had no effect on the relative number of errors 
made under the two conditions by Group 
LD, since these Ss had the same number of 
trials with both conditions. There are also 
indications that this assumption did not seri- 
ously distort the relationship between num- 
ber of errors made by Group I and Group D. 
Group I had a mean of 18.6 trials, including 
criterion trials, and 13 Ss did not reach 
criterion, Group D had a mean of 20,2 
trials, and 16 Ss did not reach criterion, 
Inspection of data from Group I-D showed 
that once 5 had made two consecutive error- 
less trials on.the 8 words assigned to one of 
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Ficure 1. Mean number of errors per trial, Experiment I (Abbreviations : 
I = immediate outcomes D = delayed outcomes.) 


the procedures, fewer than 596 of the subse- 
quent responses to those words were errors. 
If Ss in Group I had had the same number 
of trials as those in Group D and if as many 
as 5% of these additional responses had been 
errors, this would have only added 1.33 
errors to the mean shown in Table 1. 

Two-way analyses of variance were per- 
formed on total number of errors for Groups 
I and D and for Group I-D, separately. The 
main effects were delayed vs. immediate out- 

- comes and sex of Ss, the latter being included 

- in order to remove any sex differences from 
the error terms. The only term to reach sig- 

- nificance was immediate vs. delayed outcomes 

— in Group I-D, F (1, 30) = 1671, p <.01. 
The corresponding term in the analysis of 
data from Groups I and D had an F ratio of 
less than one. 

Inspection of the mean number of errors 
(see Table 1) shows that Group I-D made 
fewer errors on immediate outcome responses 
than Group I and more errors on delayed 
outcome responses than Group D (after ad- 
justing the data to allow for differences in 
the number of stimuli). Two analyses of 
variance were carried out to evaluate these 
differences, with the number of errors made 
by Ss in Group I-D multiplied by 2 in each 
case. These yielded F (1, 60) <1 for 
Group I vs. Group I-D (immediate outcome 
data), and F (1, 60) = 2.61, p > .05, for 
Group D vs. Group I-D (delayed outcome 
data). 
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The results of the first two analyses indi- 
cate that 5s made more errors with delayed 
outcomes than with immediate outcomes” 
when they learned under both conditions 
simultaneously, but not when they learned 
under only one. Unfortunately, the results 
of the second two analyses do not provide 
any clear indication as to whether the differ- 
ence in the case of Group I-D resulted from 
poorer performance with delayed outcomes; 
from better performance with immediate out- 
comes, or from both. 

In order to provide information about the 
course of learning, trial-by-trial error curves 
are shown in Figure 1. Inspection of the 
curves for Group I-D shows that they mad 
more errors on immediate outcome response: 
than on delayed outcome responses on Tri: 
2, but that this pattern was reversed on 
subsequent trials. The curves for Groups 
and D show a rather different pattern (whi 
will be discussed below). These data su; 
gest an explanation for the difference b: 
tween performance under the two outco: 
conditions in Group I-D. It is possible th: 
after Trial 1 Ss in Group I-D may havi 
adopted a strategy of concentrating on, ang 
perhaps rehearsing, responses with imme 
diate outcomes, only shifting more of thei 
attention to responses with delayed outcome 
after they had learned the correct immedia 
outcome responses. Such a strategy might 
arise because Ss tended to rehearse respon 


~ repeated, 
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that were known to be correct immediately 
ser they had been made. 
- different problem is posed by the com- 
son of performance by Group I and 
up D (see Figure 1). On Trial 2, Group 
made substantially fewer errors than 
roup I. (Statistical analyses reported 

"lier—Buchwald, 1969 —showed that these 

‘ferences were significant.) On Trial 3, 

roup D showed a marked increase in num- 

r of errors as compared with Trial 2. (A 

nilar pattern can be seen in the delayed out- 

me data for Group I-D, but not in either 

ct of immediate outcome data.) From this 

point onward, the initial superiority of Group 
D tended to first disappear and then to be 
reversed, so that after Trial 13, Group D 
made more errors on each trial than Group I. 
This reversal suggests that some aspect of 
the delayed outcome procedure may have in- 
terfered with learning after the early trials, 
contrary to the analysis presented earlier, 
The notable increase in errors from Trial 2 
to Trial 3 in both delayed outcome curves 
further suggests that this interference began 
on Trial 2. Reconsideration of the experi- 
mental procedures suggests that after Trial 
2, Group D may have recalled fewer re- 
sponses from one trial to the next than Group 
T, and that this may have been the source of 
interference, 

According to the assumptions of the two- 
trial model (Buchwald, 1969), responses that 
were made on Trial 1 and were recalled on 
"Trial 2 may have either been repeated or not 
Group D would have repeated 
about half of these responses, since they 
would not have repeated any of them that 
were incorrect. Similarly, Group I would 
have repeated half of their responses when 
both responses and outcomes were recalled, 
if the assumption that the recall of informa- 
tion does not depend upon whether a re- 


; Sponse was called right or wrong is correct. 


However in a number of instances, Group I 
would have recalled responses but not out- 
comes. Data from several experiments 
(Buchwald, 1966, 1969; Rimm & LaPointe, 
1973; Rimm, Roesch, Perry, & Peebles, 
1971) suggest that with k response alterna- 
tives, Ss tend to repeat more than 1/kth of 
their responses when they do not know 
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whether those responses are correct or not, 
Thus, it seems likely that Group I would 
have repeated more of the responses that they 
recalled than Group D. 

Responses that were recalled and repeated 


on Trial 2 should have a high probability of .— 
being recalled again on Trial 3. In contrast, . 


responses made on Trial 2 when the Trial 1 
response was recalled but not repeated should 
have a lower probability of being recalled on 
Trial 3. In the former case, the previous 
recall is likely to facilitate subsequent recall. 
Tn the latter case, the previously recalled re- 
sponse may interfere with retention of the 
new response. Further, with two response 
alternatives, it would not be helpful if S 
merely recalled having made both responses 
to a given stimulus. In order for the recall 
of the Trial 2 response to be useful, it would 
also be necessary for S to recall which re- 
sponse occurred on which trial, or to recall 
which response was called wrong, or to erase 
the Trial 1 response. Thus, it seems plausi- 
ble that S would be much more likely to 
recall which response was made to a stimulus 
on Trial 2 when the Trial 1 response was re- 
called and repeated than when the Trial 1 
response was recalled but not repeated, 

According to these arguments, on Trial 3, 
Group I should have recalled more of the re- 
sponses that they made on Trial 2 than 
Group D. Since the factors responsible for 
this should continue to operate on subsequent 
trials, it seems likely that on all trials after 
Trial 2, Group I would have been able to 
recall more of the responses made on the 
previous trial than Group D. 

In a Thorndikian experiment, the ability 
to recall responses made on the previous trial 
is important (Buchwald, 1969), If Group 
D and Group I were able to recall equal 
numbers of responses, Group D should make 
fewer errors, since they need not recall out- 
comes to avoid making errors. Presumably 
this is why Group D performed better on 
Trial 2. However, poorer recall of responses 
by Group D should tend to lessen their ad- 
vantage over Group I and the difference in 
number of errors should be reduced on Trial 
3. Further, as trials continue, Ss should 
become better able to recall both responses 
and outcomes from trial to trial and this 
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should eventually lead to better performance 


- for Group I. 


Starting with Trial 3, performance prob- 
ably does not depend only upon information 
recalled from the immediately preceding 
trial. It seems likely that Ss can learn to 
make correct responses (and to avoid making 
errors) on a relatively permanent basis. 
Presumably, this comes about when S is able 
to remember that a particular response is 
correct (or is incorrect) for a given stimulus 
over the course of several trials. This would 
constitute an additional source of handicap 
for Group D if they are unable to recall re- 
sponses as well as Group I. It may have 
been largely responsible for the superior per- 
formance by Group I in the later trials of 
this experiment. 

The account given in the preceding para- 
graphs is able to explain why Group D made 


- fewer errors than Group I on Trial 2, but 


not over the entire series of trials. However, 
the account is highly speculative, since there 
is no available data on the recall of responses 
with delayed vs. immediate outcomes. Ex- 
periment II was addressed to this problem. 
The primary purpose of this experiment was 
to test the hypothesis that Ss given delayed 
outcomes would recall fewer of the responses 
made on Trial 2, when the Trial 1 responses 
were called wrong, than Ss given immediate 
outcomes. This hypothesis follows directly 
from the account given above. In addition, 
the experiment was designed to obtain infor- 
mation about the recall of responses on both 
Trial 1 and Trial 2. 


EXPERIMENT II 


The design called for three groups of Ss 
to be given three trials in a Thorndikian ex- 
periment. Group I was given immediate 
outcomes on Trial 1 and no information on 
Trial 2. Group D was given delayed out- 
comes about Trial 1 responses on Trial 2 
and no information about Trial 2 responses, 
A third group, Group C, was given no infor- 
mation about Trial 1 responses and was 
given immediate outcomes for Trial 2 re- 
sponses. It seemed likely that on Trial 2 
Group C would repeat a high proportion of 
the "wrong" responses they recalled from 
Trial 1, and in this respect, would resemble 
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Group I. At the same time, they would h 
right and wrong on Trial 2 but not on T 
1 and in this respect would resemble Gr: . 
D. Thus, they should serve as a contro! 
any effects that the presence or absence 
outcomes on a given trial might have on 
recall. 

On Trial 3, half of the Ss in each g: 
were told to try to recall the responses i ey 
had made on Trial 1, and half to try to r« 
the responses they had made on Trial 2. '| ie 
Ss were required to respond to each word n 
each trial. Earlier work (Buchwald, 196 ») 
suggests that responses are recalled bette: if 
Ss have had previous practice on the gene. al 
procedure. Therefore, each S was gin 
three trials on a preliminary list as prac! ve. 
On this first list, Trial 3 was a second -st 
trial rather than a recall trial. 


Method 


Subjects. The Ss were 60 men and 60 woven 
enrolled in courses in introductory psychology. 
None of them had previously served in a sir ilar 
experiment. An additional 28 Ss were elim: ated 
from the experiment because they used re onse 
patterns on Trial 1 that would have enable: them 
to recall virtually all of their responses.  ^welve 
of these Ss showed extreme response biases, sing 
one of the two response alternatives for mor: 
75% of their responses on Trial 1. The oth 
Ss responded to the stimulus words on Trial | i 
a systematic manner, selecting responses according 
to the first letter of the stimulus word. 

Materials. Two lists, each consisting of 40 one 7 
syllable words from the A or AA lists of Thorn- 
dike and Lorge (1944), were assembled to serve as 
stimuli. No words were homophones of each other. | 
Two pairs of digits, 4 and 9 and 3 and 5, were used 
as response alternatives, one pair for each list. 

Procedure. Each S was assigned to one of three 
groups, the immediate outcome group (Group I), 
the delayed outcome group (Group D), and the 
control group (Group C). The instructions given 
to S and the general procedure were the same as 
those used in Experiment I, except as noted below: 

Fach group consisted of 20 men and 20 women, 
assigned to groups according to the following 
scheme. Each set of 12 consecutive male (or fe- 
male) Ss to arrive constituted a block. In each 
block, 4 Ss were assigned to each of the groups | 
using a separate random assignment for each block. - 
When a potential S was eliminated, he was re-. 
Placed by the next S of the same sex to arrive 
(Because of failure to record information at the 
time, it was possible to identify the conditions t? 
which these eliminated Ss had been assigned in | 
only 21 instances. Of these, 8 had been assigned | 
to Group I, 9 to Group D, and 4 to Group C.) 


fi 


| 
j 


LEARNING AND RECALL OF RESPONSES WITH DELAYED OUTCOMES 763 


E he Ss were given three trials on each list, with TABLE 3 
the two lists presented in a balanced order across PROPORTION OF RESPONSES M ATCHED ON RECALL 
E xperimental conditions in each block of Ss, TRIAL: EXPERIMENT II 
( ach trial, the words were presented in a dif- 
^^ -at random order, except for the first two words Group 
| the last two words on the list. Responses to Outcome 
se stimuli were not used as data. On each list, I D c 
words were randomly divided into two subsets 
j 20 words. Responses to the words in one subset Trial 1 recall E 
t re called right, and responses to words in the Right .56 22. .66 
icr wrong, at the appropriate places, regardless Wrong 58 -T6 -66 
which response was made. Trial 2 recall i 
For each group, the same procedure was used on e 08 sr m 


al 1 and Trial 2 on both lists. For Group I, 

said right or wrong immediately after each re- 

onse on Trial 1. Nothing was said after re- 
sponses on Trial 2. For Group D, nothing was said 
utter responses on Trial 1. On Trial 2, the delayed 
outcome procedure described for Group D in Ex- à i 
'eriment I was used. For Group C, nothing was Results and Discussion 
said after responses on Trial 1. On Trial 2 E 
said right or wrong immediately after each response. Repetition of responses. The proportions — 

As in Experiment I, responses were self-paced. of Tesponses repeated on Trial 2 under vari- 
The total time for each trial was recorded, using a ous conditions are shown in Table 2. The 
stopwatch. The mean times for Trial 1 were 132,5 F S s 
sec. for Group I, 97.5 sec. for Group D, and 925 difference between the proportions of right 
sec. for Group C. The mean times for Trial 2 responses and wrong responses that were re- 
were 122 sec. for Group I, 160 sec. for Group D, peated was very large for Group D, small for 


and 137 sec. for Group C. Group I, and almost zero for Group C. An 


On the first list, Trial 3 was the same for all Ss, n ` : c 
Before the trial began, S was told to try to give analysis of variance yielded F (2, 114) = 


Correct responses. During the trial, E said nothing 45.77, p < -001, for the Groups x Right vs, 

after S's responses. Wrong Responses interaction. These data . 
On the second list, Trial 3 was a recall trial. confirm previous findings of better perform- 

Before the trial began, half of the Ss assigned to ance on Trial 2 with delayed outcomes than 

each group (in each block) were instructed to try "RAS Zi 

to give the response to each word that they had With immediate outcomes. ^ 

given to that word on Trial 1, regardless of Recall of responses. 'The proportion of 

whether it had been correct or not. The other Ss instances in which the response made on the — 

uere told to try to give the response to each word recall trial matched the response that S was 


that they had given to it on Trial 2, regardless of ; s 
whether it had been correct or not. The Ss were asked to recall was determined. © The Pro 


told that they must respond to each word. For all portions for the various conditions are shown 
^* Ss, E simply read each word without saying any- in Table 3. These proportions overstate the - : 
thing else either before or after the word was extent to which Ss could actually recall re- 


Note. Abbreviations:1 = immediate, D = delayed, C = con- - 
trol. 


pem sponses, since the probability of matching a 
response in the absence of any recall is .5, 
TABLE 2 However, except for sampling fluctuations, ? 


Proportion Se es eae REPEATED TRON Trati Variations in these proportions should be AN 
‘SER OES monotonically related to the amount actually — 


Group recalled. è By. 
; Outcome The data for recall of Trial 2 responses  — 
I D c suggest that Ss could recall responses equally 1 
Lid well under five of the six conditions. In con- 
Right -56 .65 .61 trast, Group D recalled substantially fewer 
, Wrong 52 43 60 responses when their Trial 1 responses had 
s 56 77 61 been called wrong. A three-way analysis of 
Wrong AT 328 61 variance (Groups X Right vs. Wrong x Sex 


of Ss) yielded two significant terms. One of 


Note. Abbreviations: I = immediate outcomes, D = de- ; B 
layed outcomes, C = control, i these was the main effect, right vs. wrong, 
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F (1, 57) — 5.02, p « .05, the other was the 
Groups X Right vs. Wrong interaction, F 
(2, 57) = 3.47, p < .05. Inspection of Table 
3 indicates that both of these effects were 
largely due to the relative inability of Group 
D to recall "wrong" responses. Since Group 
D had repeated fewer than 30% of the wrong 
responses that they had made on Trial 1, 
these results support the conjecture that Ss 
with delayed outcomes would have difficulty 
recalling responses that were made on Trial 
2 when the Trial 1 response had been re- 
called and not repeated. 

In order to compare recall of Trial 1 and 
"Trial 2 responses, a second analysis of vari- 
ance was carried out on the entire set of 
recall data. This involved an additional main 
effect, trial being recalled (hereafter called 
trial). Again only two terms were signifi- 
cant. One of these was Right vs. Wrong X 
Trial, F (1, 108) = 4.34, p < .05. The Ss 
tended to recall Trial 2 responses better 
when Trial 1 responses had been called right 
rather than wrong. However, there was a 
slight tendency for wrong responses on Trial 
1 to be recalled more often than right re- 


_ sponses. Inspection of Table 3 suggests that 


this interaction was largely due to the poor 


- recall of Wrong responses on Trial 2, al- 


though this interpretation must be qualified 
since the Groups X Right vs. Wrong x 
Trials interaction was not significant, F (2, 
108) = 2.46, p > .05. The second significant 
term was the Groups X Trials interaction, F 
(2, 108) = 847, p < 01. This reflects the 
fact that there were marked differences 
among the groups in the recall of Trial 1 
responses (Group D recalled the most re- 
sponses and Group I the fewest), and these 
differences were not paralleled in the recall 
of Trial 2 responses. 
The fact that Group I recalled fewer Trial 
l responses than either of the other groups 
seems rather troublesome, since it is incon- 
sistent with the assumption that the recall of 
Trial 1 responses does not depend upon 
whether they were immediately called right 
or wrong or were followed by no information 
as to their correctness. In the present ex- 
periment, Ss were asked to recall their Trial 
1 responses on Trial 3. Because of this, it 
may be suspected that the recall of Trial 1 
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responses was affected by responding on: 
Trial 2. However, earlier experin nts 
(Buchwald, 1969; Postman & Adams, 1° 4) 
found that Ss recalled Trial 1 respc ses 
equally often when recall was asked fo: on 
Trial 2 and when it was asked for on ^ ial 
3. Therefore, it seems reasonable to ac -pt 
the present data as indicative of Ss’ abili to | 
recall Trial 1 responses and to search į se- 
where for an explanation of the differe «es | 
among the groups. 
One possible explanation is that S's ma- be 
able to recall more responses from a trio on 
which the outcomes right and wrong are iot | 
presented than from a trial on which : ese” 
outcomes are presented. This might 1 ult | 
from limited memory capacity. When > Ats 
and wrongs are announced on a trial, Ss nay | 
recall some outcomes at the expense | re- f 
calling responses. This explanation ould} 


account for the differences between -~ in| 
Group I, who recalled Trial 1 res; «ses | 


better than Trial 2 responses, and s in 
Group D, who showed the reverse p: tern. 
However, Group C recalled Trial 1 anc Trial | 
2 responses equally well, which is inconsis- ^ 
tent with this explanation, , 
A second possibility is that the \ rious” 
groups may have rehearsed Trial 1 responses! 
to differing extents. Some aspects of the) 
present experiment make this seem somewhat 
unlikely as an explanation. Presumably, the 
rehearsal, to be maximally effective, would 


take place shortly after the responses were) 
made. Since Trial 1 took an appreciably | 
longer time for Group I than for the other | 
groups (see Procedure) it is obvious that, | 
if anything, Group T might have had more! 
time available for rehearsal of Trial 1 re-| 
sponses. | 
A third possible explanation is that some | 
Ss in Groups D and C may have tended to 
respond in some systematic manner to the 
stimuli on Trial 1. While a number of 55^. 
were eliminated from the experiment because 
of such strategies, some Ss may have use 
systems that E was unable to detect. Sys- 
tematic responding on Trial 1 could explain 
much of the recall data. Further, it could 
account for the differences in repetition of 
responses that were found on Trial 2 in both: 
Experiment I and Experiment II. Accord | 


H 


uy, Experiment III was designed to allow 

*xamination of both repetition and recall 
0 responses using a procedure that would 
e'-ainate the possibility of systematic re- 
sponding on Trial 1. 


ExrrRIMENT IIT 


.c This experiment was a replication of Ex- 
riment II except for features introduced to 
iminate systematic selection of responses on 
vial 1. This was accomplished by not al- 
ving Ss to select the responses that they 
re to make on Trial 1. On both lists, each 
ord was presented on Trial 1, together with 

ne of the two response alternatives. The Ss 
were required to repeat these responses and 
^' were told at the start of the experiment that 
hey might be either correct or incorrect. 
The E announced that these responses were 
right or wrong at the times called for by the 
experimental design. Since preliminary work 
suggested that Ss tended to let their atten- 
tion wander if the matérial was presented 
aurally, it was presented visually on both 
Trials 1 and 2. 


!^ Method 


| Subjects. Forty-eight men and forty-eight wo- 
men enrolled in courses in introductory psychology 
served as Ss. None of them had been Ss in a 
similar experiment. Three additional Ss were 
eliminated from the experiment. One S, assigned 
to Group D, was eliminated because on Trial 2 he 
used one response whenever he was told that the 
response he had seen on Trial 1 was right, and the 
other response whenever he was told that the 
response he had seen on Trial 1 was wrong. 

o Another S, assigned to Group D, was eliminated 
because he told E that he had associated an object 
to the first letter of each word before he read the 
number on Trial 1. The third S, assigned to Group 
C, was eliminated because she used one of the re- 
sponse alternatives for 37 of her 40 responses on 
Trial 2. 

Materials. The word lists and response alterna- 
tives used in Experiment II were used in this ex- 
periment. Each list of stimulus words was ran- 
domly divided into halves, and each of the response 
alternatives for a given list was assigned to one 
of these halves. On each half list, responses of half 
of the words were to be called right and responses 
to the other half were to be called wrong. Two 
35-mm. slides were prepared for each stimulus, 
One had the word typed in lowercase letters with 
the assigned digit typed immediately below. The 
other had only the word on it. These slides could 
be presented on a screen by the use of a Carousel 
projector. x 
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Procedure. The procedure followed that of Ex- 
periment II with the following exceptions. Group 
I, Group D, and Group C each consisted of 16 men 
and 16 women, Using a table of random numbers, 
a list was constructed for each sex assigning Ss 
to the various conditions according to the order of 
appearance of S. When a potential S was elimi- 
nated, he was replaced by the next S of the same 
sex. 

At the start of the session, S was told that a list 
of words would be presented on the screen before 
him one at a time and that he was to try to learn 
which of the numbers 4 or 9 (3 or 5) had been 
assigned as the correct response to each word. He 
was also told that on the first trial he would be 
shown one of the numbers with each word, but that 
the number that appeared might be either the cor- 
rect response to that word or the incorrect re- 
sponse. Each S was then given the appropriate 
instructions as to when this information would be 
presented. 

Each S$ was given three trials on each list. On 
Trial 1, the slides that showed both a word and a 
digit were used and S Was required to read first 
the word and then the digit. Then E said right or 
wrong, if it was called for. On Trial 2, the slides 
that showed only words were used and S was re- 
quired to select one of the two response alternatives. 
On Trial 3, the stimulus Words were presented 
orally by E. All other details of the procedure 
were identical with those of Experiment II. 


Results and Discussion 


Repetition of responses. The proportions 
of responses shown on Trial 1 which were 
repeated on Trial 2 under various conditions 
are shown in Table 4. Responses called 
right were repeated more frequently than re- 
sponses called wrong, by all groups. These 
differences were largest for Group D and 
quite small for Group C. An analysis of 
variance on all the data yielded F (2, 90) = 
12.81, p < .01, for the Groups X Right vs. 


TABLE 4 


PROPORTION OF RESPONSES REPEATED FROM TRIAL 1 
TO TRIAL 2: EXPERIMENT III 


Group 
Outcome 
I D [o] 
List 1 
Right 61 64 60 
Wrong 1 43 7 
List 2 
Right 64 63 55 
Wrong 49 37 .53 


Abbreviations: I — immediate outcomes, D. — delayed out- 


comes, C — control. 
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4 TABLE 5 


PROPORTION OF: RESPONSES MATCHED ON RECALL 
‘TRIAL: EXPERIMENT II 


Group 
Outcome 
I D c 

Trial 1 recall 

Right 257 .55 61 

Wrong 57 .56 54 
Trial 2 recall 

Right 62. 67 63 

Wrong 59 46 .63 


Note. Abbreviations: 


I = immediate outcomes, D = de- 
layed outcomes, C = control. 


Wrong interaction. A separate analysis, 
omitting the data for Group C, yielded F 
(1, 90) = 6.93, p < .02, for the same inter- 
action. Thus, the difference was significantly 


_ greater for Group D than for Group I. 


These results show better performance on 
- Trial 2 with delayed outcomes than with im- 


. mediate outcomes, even in the absence of sys- 


tematic responding on Trial 1. Therefore, 
it seems unlikely that similar results in Ex- 
periment II and in previous experiments 
(Buchwald, 1967, 1969) were simply due to 
. Systematic responding. However, in Experi- 
. ment II, Group D repeated more right re- 
sponses and fewer wrong responses than 
| Group I. In Experiment III, Group D per- 
- formed better only because they repeated 
fewer wrong responses. This difference may 
. be attributed to differences in procedure in 
the two experiments, However, it does not 
seem to be entirely due to the elimination of 
systematic responding in Experiment III, 
since (a) for List 1, the data of the two ex- 
periments were almost identical, and (5) the 
discrepancy was partly due to Group I re- 
peating more right responses in Experiment 
III than in Experiment IT. 

Recall of responses, "The proportion of 
instances in which the response made on the 
recall trial matched the response that S was 
asked to recall was determined. The pro- 
portions for the various conditions are shown 
in Table 5. The pattern of results for recall 
of Trial 2 responses was very similar to that 
in Experiment II (cf. Table 3), although 
somewhat fewer responses were recalled in 
the present experiment. Again, there was 
relatively little difference in the, proportion 
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of responses recalled in five of the condit. ns, 
while Group D recalled appreciably fewe: re- 
sponses when the Trial 1 responses had : :en 
called wrong. In contrast, the results ‘or 
recall of Trial 1 responses were quite di^ er- 
ent from those in Experiment II. In `x- 
periment III, these responses were rec: ed 


about equally often by the three groups. 

The recall data were subjected to the s ine 
two analyses of variance as the correspon 
data in Experiment II. The analysi 
data for recall of Trial 2 responses yie! ‘ed 
significant effects for Right vs. Wronc 
(1, 42) = 5.46, p < .05, and for the Gr: 
X Right vs. Wrong interaction, F (1, 42 
6.69, p<.05. These results seem lar 
due to the relative inability of Group | 


recall "wrong" responses. The analys: of 
the entire set of recall data yielded signif. ant 
effects for right vs. wrong, F (1, 84) = .16, 
P <.05, and for the Groups X Rigi vs. 
Wrong X Trials interaction, F (2, & ) = 
4.98, p « 01. Inspection of the dat: in 
Table 5 again suggests that these two ei'ects 
were chiefly due to the disparity in reca'l of 
"right" vs. “wrong” responses made on ‘rial 
2 by Group D. 

Consideration of the results of both Ex- 
periment IT and Experiment III poinis to 
several conclusions. In Experiment II, 
Groups D and C recalled many more Trial 1 
responses than Group I. In Experiment III, 


the three groups recalled almost identical |) 
numbers of Trial 1 responses. The differ- 
ence tends to support the idea that the 
superior recall of Trial 1 responses by 
Groups D and C in Experiment II resulted 
from a tendency for Ss to respond in a way 
Which would later allow them to recall a high 
proportion of their responses. Despite this, 
the results of Experiment III indicate that 
the difference between Groups I and D in 
repetition of responses, found in the earlier 
experiments, were not entirely due to sys- 3 
tematic responding. Finally, it should be 
noted that the data from both experiments ' 
strongly supported the hypothesis that Ss in 
Group D would recall fewer responses made 
on Trial 2 when the Trial 1 responses were | 
wrong than other Ss. In addition, in both | 
experiments, Group D recalled other re- | 
sponses as well as Groups I and C, and re- 
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ed a much smaller proportion of wrong 
onses than these other groups. Taken 
ther, these findings lend support to the 
š set out earlier in this paper to explain 
esults of Experiment I. 
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SEMANTIC CHANGE BETWEEN STORAGE AND RETRIEVAL CUES 


ENCODING SPECIFICITY: 


MICHAEL D. MURPHY anp WILLIAM P. WALLACE? 
University of Nevada at Reno 


In three experiments cue words were presented with to-be-remembered (TBR) 
words in an effort to influence specific encoding formats. Recall was tested 
in the presence of cues that were identical, semantically similar, or semanti E 
dissimilar to the input cues. In all three cases the recall cues and the input 
cues were semantically similar to the TBR words. The only evidence for 
cuing facilitation (relative to free recall) occurred when the same cues appeared 
at both input and output. Changing cues from input to output produced 
recall decrements relative to free recall, although there was evidence for en- 
coding specificity as the presentation of recall cues semantically similar to 
input cues was associated with higher levels of recall than the presentation 
of recall cues semantically dissimilar to input cues. 


The present experiments were stimulated 
by the research and theorizing that led to 
the development of the encoding specificity 
hypothesis (eg., Thomson & Tulving, 
1970; Tulving & Osler, 1968; Tulving & 
Thomson, 1973). “The encoding speci- 
ficity hypothesis, among other things, 
clearly implies that no cue, however 
strongly associated with the TBR [to-be- 
remembered] item or otherwise related to 
it, can be effective unless the TBR item 
is specifically encoded with respect to that 
cue at the time of its storage [Thomson 
& Tulving, 1970, p. 255]" Perhaps the 
most compelling support for this hypothe- 
sis in free recall is the demonstration by 
Thomson and Tulving that weak asso- 
ciative cues (e.g., train as a cue for the 


- TBR word black) presented during study 


facilitate recall if they are also presented 
at the time of recall. In contrast, strong 
cues (e.g., white-black) impair performance 
when they are presented at the time of 
recall if Ss have been induced to encode 
the TBR items with respect to the weak 
cues. 

Basically, what has been demonstrated 
is that if cues that are associatively re- 
lated to TBR items change between the 


‘Portions of this research were supported by 
Grant MH-21895 from the National Institute of 
Mental Health. 

? Requests for reprints should be sent to William 
P. Wallace, Department of Psychology, University 
of Nevada, Reno, Nevada 89507. 
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output phase of the experiment, rec | is 
impaired. The impressive aspect of ese 
data is that shifting from weak to s ong 


input phase of the experiment and the 
cues also results in impaired perforn: ace. 


The major question addressed in the 
present experiments involved the : ture J 
of the change between input and © (put f 
cues. 


the encoding specificity hypothe:is it 
seemed reasonable to expect that tw- dif- 
ferent cues (one presented at input » 
the other presented at output), each sedi 
mantically related to a TBR word and | 
semantically related to each other, would 

be more effective for recall than two dif- 

ferent cues, each semantically related to 

a TBR word and semantically unrelated | 
to each other. For example, the word pull > 
should be a more effective output cue for 
the TBR word draw if drag was the input 
cue compared to if sketch was the input 
cue. It is known that retaining the same 
cue augments recall and changing cues 
impairs recall. If this difference is due to 
unique encoding such as draw in the drag- 
draw complex, then it seems reasonable to ' 
expect cue words such as pull to provide 

access to this drag-draw complex more 

readily than cue words such as sketch. 
The cue word pull emphasizes semantic 
features appropriate to the input event of 
drag-draw, whereas the cue word sketch is 
Inappropriate to the drag-draw complex; 
yet quite appropriate to some other en- 


J 


Based upon our understand ng 3 


ENCODING SPECIFICITY: CHANGE IN STORAGE AND RETRIEVAL 


ig which was not induced, e.g., paint- 
drow. In this sense sketch would not be 
ex:ccted to elicit draw, or if it did, this 
rei eval of draw would not be recognized 
as eadily as a member of the test list as 
th. draw elicited by the cue word pull 
(c. Tulving & "Thomson, 1973). 


EXPERIMENT I 
ethod 


sign, Lists of 24 TBR words were presented 

's for a single study trial followed by a single 

!l trial. There were six experimental treatment 
ditions: (a) Condition O-O was a standard free- 
call condition in which no cues accompanied TBR 
ords at input and no cues were presented at 

'tput. (b) Condition S-S involved the presenta- 
‘on of a single cue word for each TBR word, 
Sach cue word was semantically similar to one 
CBR word, and the same cues were presented at 
input and output. (c) Condition S-SS involved 
the presentation of a semantically similar cue word 
for each TBR word accompanying the TBR words 
at input, and recall was tested in the presence of 
different cue words, Each of these new cues was 
semantically similar to both an input cue and its 
corresponding TBR word. (d) Condition S-DS 
involved the presentation of a semantically similar 
cue word for each TBR word accompanying the 
TBR words at input, and recall was tested in the 
presence of different cue words. Each of these 
new cues was semantically similar to a TBR word, 
but semantically dissimilar to its corresponding 
input cue. (e) Condition O-S had no cue words 
accompanying the TBR words at input, but recall 
was tested in the presence of cues, each of which 
was semantically similar to one TBR word. 
(f) Condition U-U was similar to Condition S-S 
with the exception that the corresponding cue words 
and TBR words were semantically “unrelated.” 

Materials. In the preparation of the materials, 
48 TBR words were selected, and for each TBR 
word 4 semantically similar words were selected as 
potential retrieval cues. A thesaurus was the 
major source for the selection of these materials, 
The selection of TBR words and semantic cues 
was restricted by the requirement that one set of 
2 cue words was semantically dissimilar to the 
other set of 2 cue words. Within each set the 2 
cue words were related. For example, the TBR 
word IRON has sEW and WASH in one set of cues 
and TIN and COPPER in the other set of cues. Also, 
for each TBR word one unrelated word was selected. 
for use as a cue in Condition U-U. 

Two lists of 24 TBR words together with cor- 
responding cues were used for each condition to 
provide a basis for generalization of results over a 
wider selection of materials. Within the restric- 
tions for each condition, input and output cues 
for each TBR word were selected at random from 
the pool of appropriate cues. The TBR words 
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were common across all conditions, and the output 
cues for Groups O-S, S-S, S-SS, and S-DS were 
identical with the necessary variations introduced 
at input. For example, DRAW was a TBR word 
for all conditions and DRAG was the corresponding 
output cue (selected at random). The “unselected” 
cue from this set was used as the input cue for 
Condition S-SS (PULL). One word was randomly 
selected from the remaining set of cues to serve 
as the input cue for Condition S-DS (SKETCH). 
Of course, DRAG also served as the input cue for 
Condition S-S. 

A practice list was given to all Ss prior to the 
experimental list to familiarize them with the 
nature of the task. The practice list contained 
24 proper nouns (names of cities, states, and 
countries), 

Procedure. All Ss were first given the practice 
list of 24 proper nouns under free-recall conditions. 
This list and the subsequent critical cuing lists 
were presented on a Stowe memory drum at a é 
3-sec. rate. Two minutes were allowed for written 
recall of the practice list. 

Immediately following the practice session, in- 
structions for the experimental list were read, All 
5s were told that another list would be presented 
consisting of words printed in capital letters, and 
that later they would have to recall as many of 
those words as they could. The Ss who received 
cues at input were instructed that each word 
printed in capital letters would be accompanied 
by another word printed in lowercase letters which 
should be studied as a possible aid for recalling 
the word printed in capital letters. The Ss were 
informed that they would not have to recall the 
words printed in lowercase letters. 

After the study trial a recall booklet was pro- 
vided and Ss were instructed to recall as many 
of the words printed in capital letters as possible, 
The Ss who received retrieval cues at output were 
told that the words printed on the answer sheets 
might help them remember the words from the 
study trial. In addition, Ss were asked to write 
each recalled word next to its appropriate cue, but 
if they found this to be too difficult, they were to 
write down the words they recalled anywhere on 
their answer sheets. 

Recall booklets contained two pages. In the 
noncued output condition each page contained 12 
numbered lines for recalled words. In all other 
experimental conditions each page contained a 
column of 12 cue words, each followed by a blank 
line, Five minutes were allowed for recall. 

Subjects. Independent groups of 16 Ss (intro- 
ductory psychology students) served in each of the 
six experimental treatment conditions. The Ss 
were tested individually and were randomly as- 
signed to conditions, 


Results and. Discussion 


An initial analysis of variance revealed 
that the Six groups did not differ signifi- 
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TABLE 1 


MEANS AND STANDARD DEVIATIONS FOR NUMBER OF 
WORDS RECALLED IN EXPERIMENT I 


Cuing condition 


E 

ic 

i 0-0 S-S S-SS | S-DS | O-S U-U 
M | 12.69 | 12.87 | 8.50 | 7.81 | 8.50 | 7.81 
SD | 2.80; 2.87 | 3,57 | 4.03 | 423 | 4.14 


Nole. Abbreviations: O-O = no input or output cues; S-S 
= same cue word at input and output, semantically similar to 
to-be-remembered (TBR) word; S- = cue word at input 
semantically similar to TBR word, different but semantically 
similar cue word at output; S-DS = cue word at input seman- 
tically similar to TBR word, different cue word at output, 
semantically similar to TBR word but dissimilar to input cue; 
O-S = no input cue, output cue semantically similar to TBR 
word; U-U = same cue word at input and output, semantically 
unrelated to TBR word. 


cantly in free recall of the practice list. 
The overall mean number of words recalled 
was 12.85 and the standard deviation 
was 2.71. 

Lenient scoring was used in the analysis 
of recall data for the critical experimental 
lists. That is, in the output cuing condi- 
tions Ss were given credit for recall of a 
TBR word regardless of whether or not it 
was paired with the appropriate cue. The 
analysis of variance revealed that there 
_ were significant differences among the cuing 

conditions, F (5, 84) = 4.06, p «.01. The 
two different sets of TBR words did not 
affect recall, and the differences in list 
materials did not interact with the cuing 
conditions. 

The means and standard deviations for 
recall in the various cuing conditions are 
presented in Table 1, The following plan- 
ned comparisons were evaluated by the 
Dunn test, with the experimentwise error 
rate set at .05. Two of these comparisons 
that failed to produce significant differences 
are particularly noteworthy. First, recall 
in Condition S-SS was not significantly 
higher than recall in Condition S-DS. It 
appears from Table 1 that when cues were 
changed from the input phase to the out- 
put phase, recall was impaired, However, 
the amount of impairment was not at- 
tenuated when the output cues were se- 
mantically similar to the input cues, 
compared to when they were semantically 

dissimilar! Second, recall in Condition 
S-S was not significantly higher than recall 
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in Condition O-O. Thus, the pre:ant 
study did not replicate previous resuli in 


demonstrating that associative cues f: ili- | 


tated recall relative to free recall ( £5 
Thomson & Tulving, 1970; Tulvin; & 
Osler, 1968). 

The statistical tests did reveal that © >n- 
dition S-S was superior in recall to he 
conditions (S-SS and S-DS) which n- 
volved a cue change. Both Conditi ns 
S-S and O-O were superior to Condit on 
U-U, indicating impairment in recall w) ^n 
cues that are semantically unrelated to 
TBR words are presented at both inj ut 
and output. Also, both Conditions © -S 
and O-O were superior to Condition O S, 
indicating that output cues impair re: ill 
unless they accompany TBR words at 
input. 

It should be noted that many of he 
cue-TBR word relationships represen ed 
relatively weak and sometimes subtle as- 
sociations, at least compared to st: ng 
associative relations like white-black. “^ his 
relatively weak preexperimental associa. ive 
strength may have contributed to the fail- 


ure to find superior recall in Group -Sii 


compared to Group O-O and Group S~3S 
compared to Group S-DS. Following 
their Experiment I, Thomson and Tuly ng 
(1970) pointed out that Ss may not en- 
code all TBR words with respect to the 
weak input cues provided. In an effort 
to induce the desired encoding they pre- 
sented their Ss with a series of lists which 


had weak cues accompanying TBR words, ^ 


and for which recall was tested in the 
Presence of these same weak cues. This 
procedure was adopted for Groups S-S, 
S-SS, and S-DS in the second experiment. 

In Experiment II attention to input cues 
was encouraged by having Ss practice 
three successive lists in which the same 
semantically similar cues were presented 
at both input and output. These three 
different lists were then followed by a 
fourth list in which each output cue was: 
(a) the same semantically similar cue that 
appeared during input (S-S), (b) a dif- 
ferent cue that was semantically similar 
to both the input cue and the TBR word 
(S-SS), or (c) a different cue that was 
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sem” tically similar to the TBR word, but 
sen:.:\tically dissimilar to the input cue 
(S ^ In addition, a group receiving 


fou: successive free-recall lists (0-O) was 
inc! Jed to determine whether retaining 
the same cues at input and output facili- 
taio] recall with these materials and with 
Ss ‘ouraged to encode TBR words rela- 
ti o the input cues, 


EXPERIMEN? II 
M d 


Each of four independent groups was 
ith the same four successive lists, with 
list containing 24 different TBR words. 
e of the groups received cues at both input 
an: output on each list. These three groups were 
tr-oted identically on the first three lists, as the 
S: iie cues were presented at both input and output. 
For one group (S-S) the fourth list was the same 
he first three in this respect, ie, the same 
input cue was presented at output. The fourth 

‘ss for Group S-SS provided new output cues 
‘iat were semantically similar to both the input 
cues and the TBR words. The fourth list for 
Group S-DS provided new output cues that were 

nantically similar to the TBR words, but se- 
"nantically dissimilar to the input cues, The fourth 
condition (O-O) differed from the other three, as 
no cues were provided at either input or output 
lor any of the four lists, 

. Materials. The two lists of 24 TBR words and 
their corresponding cue words that were used in 
Experiment I were used as List 3 and List 4 in 
this experiment.’ For half of the Ss one of these 
lists was used as List 3 and the other one was 
used as List 4, and for the other half the assign- 
ment of these two lists was reversed. Two addi- 
tional lists of 24 TBR words and corresponding 

, retrieval cues were constructed for List 1 and 
List 2. 

Procedure. The procedure was essentially the 
same as that used in Experiment I, with the ex- 
ception that no practice list was given and each 
5 was tested on four successive lists. Words were 
presented on a memory drum, and each TBR word 
or each input cue-TBR word pair was presented 
for 3 sec. The TBR words were again presented 
in capital letters, and input cues, when present, 
were printed in lowercase letters and appeared to 
the left of the TBR words. Instructions before 
à study trial were similar to those used in Experi- 
ment I, with the exception that in Experiment II 
it was emphasized for Ss who received input cues 


* Four of the original 48 sets of cues and TBR 
Words were replaced in an effort to improve the 
lists. Replaced sets were those which by inspection 
appeared to represent relatively subtle semantic 
relations (e.g., SEINE as a cue for NET). 


that the cues were related to the TBR words. 
Instructions before a test trial were the same as 
those used in Experiment I. Five minutes were 
allowed for a written recall test after each list 
presentation. 

Subjects. Sixty-four 
students served as Ss, 
signed to the four treatment conditions such that 
there were 16 Ss in each group. 


Results and Discussion 


It should be noted that for the first - 


three lists Groups S-S, S-SS, and S-DS 
were treated identically. The critical cuing 
manipulation was not introduced until the 
fourth list. The data were analyzed sepa- 
rately for each list with the between-groups 
source of variance partitioned into three 
orthogonal components, The first of these 
components assessed whether providing the 
same cues at input and output facilitated 
recall (Condition O-O vs. the average of 
Conditions S-S + S-SS + S-DS). This 
component was confounded in the analysis 
of List 4 recall as Conditions S-S, S-SS, 
and S-DS were no longer equivalent. The 
second component compared recall for 
Group S-S with the average of Conditions 
S-SS + S-DS. The question of interest 
here was whether changing cues on List 4 
from input to output influenced recall. 


Since the cue-change variable was not A 


manipulated until List 4, there was no 
reason to expect the comparison to be 
significant for recall on Lists 1-3. The 
third component of interest compared re- 
call for Group S-SS with Group S-DS. 
The present interpretation of the encoding 


specificity hypothesis led to the expecta- .- 


tion that List 4 recall for Group S-SS 
would be higher than List 4 recall for 
Group S-DS. 


Lists 1-3. The lenient scoring described 


in Experiment I was applied to the data 
from this experiment. The means and 
standard deviations for recall of TBR 
words for each list and each condition are 
presented in Table 2. The analyses of 
these data revealed that presentation of 
the same cues at both input and output 
facilitated recall: List 1, F (1, 60) — 9.93, 
b < .01;List2, F (1,60) = 50.98, p < .01; 
List 3, F (1, 60) — 12.09, p < .01. Neither 


üt 


introductory psychology © 
They were randomly as-' 


i 


| 
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TABLE 2 


MEAN NUMBER OF WORDS RECALLED AND STANDARD 
DEVIATIONS FOR EACH TREATMENT CONDITION 
on EacH List IN EXPERIMENT IT 


List 
Cuing con- 
dition 
ir 2 3 4 

0-0 

M 9.00. 10,94 11.95 11.69 

SD 1.62 3.17 2.99 3.84 
S-S 

M 11.25 18.06 15.00 14.69 

SD 4.83 3.86 4,87 441 
S-SS 

M 13.12 18.25 17.00 9.00. 

SD 3.21 1.75 2.55 3.48 
S-DS 

M 13.12 17.25 15.25 5.37 

SD 4.16 3.76 3.86 2.29 


Note. See Table 1 for explanation of conditions. 


of the other two orthogonal components 
approached significance in the analyses of 
recall for any of the first three lists. This 
experiment was designed to encourage Ss 
to use the input cues provided, and it was 
clear that cuing (S-S) facilitated recall. 
In contrast to Experiment I, the cuing 
advantage was evident for List 1 recall. 
List 4. 'The data of major interest in- 
volved List 4 recall and the means and 


- standard deviations are presented in the 


last column of Table 2. Both of the con- 
ditions involving cue change were impaired 
in recall, and this impairment appeared 
to offset the cuing advantage in Group S-S. 
Thus, the first orthogonal component (0-O 
vs. S-S + S-SS + S-DS) was not signifi- 
cant in List 4 recall. However, the two 
remaining orthogonal components were sig- 
nificant. Changing cues from input to 
output impaired recall, F (1, 60) — 42.28, 
P < .01, and the impairment was greater 
for Group S-DS than for Group S-SS, 
F (1, 60) = 7.41, p < .01. 

These data may be interpreted as pro- 
viding support for the encoding specificity 
hypothesis. After practicing three lists for 
which input and output cues remained 
the same, a fourth list for which a new 
cue was presented at output resulted in a 
dramatic reduction in recall. The reduc- 
tion was not quite so great if the new 
cues were semantically similar to the old 
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cues, compared to the introductio. of 
semantically dissimilar cues. How: ver, 
two possible problems should be mentic: «d. 
First, in absolute terms, switching cu: to 
semantically appropriate new cues resu ed 
in lower recall than when no cues ` re 


provided at input and output. Ide ly, | 
output cues should aid recall (relativ: to s 
no cues) provided they are appropriate ‘or 
specific input cue-TBR word encod: zs. | 
The cues in Condition S-SS were sele: ed 4 
to maximize cue appropriateness, yet | ey — 
did not augment recall relative to Gr up | 
O-O. Second, the magnitude of the iif- | 
ferences in recall between Conditions © SS | 
and S-DS was not particularly | rge | 
(3.63 items) compared to the differ ice ^. 
between Groups S-S and S-SS (5.69 ite. s). . 
It should be noted that Condition * SS 
may be at somewhat of a disadvan’ ige 
compared to Condition S-DS. Both gr« ips 


received new cues at output, but for Group | 
S-SS these new cues were directly rel: ed | 
to the input cues, whereas for Group S. DS 

they were only indirectly related to i: »ut | 
cues. It is possible that the input «ves | 


could be elicited by the output cues ad © 
actually replace TBR words at rell. | 
Input cues appeared as intrusions on 34 |) 
occasions for Group S-SS and on only 6 | 
occasions for Group S-DS. Thus, it seems | 
quite reasonable that the reported dif- | 
ferences in recall between Conditions SSS i 
and S-DS underestimate encoding © 
specificity. 


EXPERIMENT III 


Experiment III involved single trial re- 
call on four successive lists, but it differed 
from Experiment II in three basic ways. 
The first two differences involved the lists 
of TBR words and cues. Two different 
critical lists were used in Experiment ll 
with input and output cues assigned at 
random, within the restrictions dictated by 
the different conditions. The output cues 
and TBR words were constant with the 
variations required by conditions intro- 
duced during input. In Experiment Ill | 
input and output cues were completely | 
counterbalanced. Also, normative associa- 
tion data were not available for all of the 
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» words used in Experiment II. The mate- 


used in Experiment III were selected 

1 Cramer's (1970) study of homographs 

avd in such a way that cues representing 

t-e two different meanings for each TBR 

vord were among its 10 most frequent 
‘sociates. Finally, an O-S condition was 
ided for this experiment; this group had 
wee successive free-recall lists followed 
' a fourth list for which no input cues 
re given, with recall tested in the pres- 
ce of output cues. 


lethod 


Design. The design of this experiment was 
lentical to Experiment II, with the addition of 
1e group (Group O-S). For Group O-S the first 
hree lists were presented with no input cues and 
10 output cues. No input cues were presented on 
the fourth list, but recall was tested in the presence 

f appropriate output cues. The cuing conditions 
lor the remaining groups, S-S, S-SS, S-DS, and 
O-O, were identical to those used in Experiment II. 

Materials. A single list of 24 TBR words, each 
with 4 appropriate cue words, was used as the 
fourth list in this experiment. The materials were 
selected from Cramer (1970). The specific items 
were selected such that there were two cues for 
each of the two meanings of the TBR words, the 
specific cues were among the 10 most frequent 
associations elicited by their stimuli (the TBR 
words), and specific TBR items did not share cues 
with other selected items. Sets of TBR words 
and cues which met these restrictions were ordered 
beginning with those having the smallest differences 
in the mean number of responses elicited for each 
of the two critical meanings, and the first 24 sets 
were used in this experiment. On the average, 
the four cues represented 46.2% of the total re- 
sponses elicited by their respective stimuli. 

There was one list of 24 TBR words which 
differed substantially from the lists used in Ex- 
periments I and II. The input and output cues 
were completely counterbalanced across the two 
meanings for each TBR word, For example, there 
were four subgroups for Group S-SS, each with 
an equal number of Ss. For the TBR word PUPIL, 
one subgroup had sTUDENT as an input cue and 
TEACHER as an output cue, the second subgroup 
had TEACHER as an input cue and STUDENT as an 
output cue, the third subgroup had EYE as an 
input cue and IRIS as an output cue, and the 
fourth subgroup had IRIS as an input cue and 
EYE as an output cue. This counterbalancing 
resulted in a single O-O group, four S-S subgroups, 
four O-S subgroups, four S-SS subgroups, and 
eight S-DS subgroups (e.g. there would be two 
subgroups with sTUDENT as an input cue—one 
would have EYE as an output cue and one would 
have rrīs as an output cue). There were four 
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distinct output cuing "lists": A, B, C, and D. 
The specific cues were assigned at random, but in 
such a way that for each cue in A there was a 
semantically similar cue in B (e.g., STUDENT was 
in list A and TEACHER was in list B), and each 
cue in C was semantically similar to one cue in D 
(e.g, EYE was in list C and IRIS was in list D), 
Thus, for Group S-SS, Ss would receive either 
the A cues at input and the B cues at output, 
the B cues at input and the A cues at output, 
the C cues at input and the D cues at output, 
or the D cues at input and the C cues at output, 

Procedure. The procedure was identical to that 
used in Experiment II. Each S was tested on 
four successive lists, For Conditions S-S, S-SS, 
and S-DS the first three lists had the same cues 
at both input and output. For Conditions O-O 
and O-S there were no input and output cues on 
the first three lists. 

Subjects. Eighty introductory psychology stu- 
dents served as Ss. They were randomly assigned 
to the five treatment conditions such that there 
were 16 Ss in each group. 


Results and Discussion 


The data were analyzed separately for 
each list in a manner similar to the anal- 
yses for Experiment II. 

List 1-3. The means and standard de- 
viations for recall of TBR words for each 
list and each condition are presented in 
Table 3. The analyses of these data re- 
vealed that presentation of the same cues 
at both input and output (Groups S-S, 
S-SS, and S-DS) facilitated recall relative 


TABLE 3 
MEAN NUMBER OF WORDS RECALLED AND STANDARD 


DEVIATIONS FOR EACH TREATMENT CONDITION 
on EacH List IN EXPERIMENT III 


List 
Cuing con- 
dition 
1 2 3 4 

0-0 

M 7.94 9.88 12.25 9.56 

SD 2.29 2.39 2,79 3,09 
os . 

M 8.00 10.50 11.00 7.75 

SD 2.34 2.40 2.80 4.51 
S-S 

M 12.88 16.25 17.38 18.19 

SD 2.78 2.38 3.32 3.73 
S-SS 

M 13.69 16.75 16.94 9.13 

SD 3.82 3.36 3.36 2.80 
S-DS 

M 12.43 15.69 16.38 5:19 

SD 4.80 5.87 4.01 2.97 


Note. See Table 1 for explanation of conditions, 


t 
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- to the no-cuing conditions (Groups O-O 
and O-S): List 1, F (1, 75) = 21.02, p 
- «€ .01; List 2, F (1, 75) = 27.86, p < .01; 
List 3, F (1, 75) = 24.65, p < .01. No 

- other effects approached significance in the 
analyses of recall for the first three lists. 
List 4. 'The specific sets of input cues 
and output cues (A, B, C, and D) did 
not differentially affect the number of 
TBR words recalled. The means and 
standard deviations for recall of TBR 
words for List 4 are presented in the last 
column of Table 3. The major results of 
this study involved comparisons of List 4 
recall, and again it was revealed that 
changing cues from input to output (S-S 
vs. S-SS + S-DS) produced a substantial 
decrement in recall, F (1, 75) — 107.54, 
p «.01. Also, as was found in Experi- 

- ment II, the cue-change decrement was 
| greater for Group S-DS than for Group 


S-SS, F (1, 75) = 10.28, p< .01. The 
only other significant effect resulted from 
the higher average recall for Groups S-S, 
S-SS, and S-DS compared to the average 
recall for Groups O-O and O-S, F (1, 75) 
= 7.54, p «.01. This effect was due 
mainly to the high level of recall for 
Group S-S. The absolute level of recall 
- for Group O-S was lower than the recall 
-for Group O-O; however, the difference 
Was not statistically significant, F (1, 75) 
.— 248. The remaining details of the 
results parallel the results of Experiment II 
quite closely: (a) The absolute level of 
recall in Group S-SS was lower than non- 
ued recall (Group O-O). (b) The mag- 
nitude of the difference in recall between 
Groups S-SS and S-DS was relatively 
small (3.94 items) compared to the mag- 
nitude of the difference between Groups 
S-S and S-SS (9.06 items). (c) The total 
number of input cues that intruded at 
recall was 26 for Group S-SS and 11 for 
Group S-DS. 


GENERAL DISCUSSION 


The present experiments were designed to 
"test the specificity of the encoding specificity 
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hypothesis. The data revealed some evid-nce ; 
consonant with this hypothesis. Thomson :nd | 
Tulving (1970) demonstrated that a r all 
decrement was associated with changing ! om 
weak associative input cues to strong . so- 
ciative output cues. The present result. in- 
dicated that recall decrements under ch 
conditions were not entirely due to swit. ‘ng 

input and output cues per se. 5 

These results are quite similar to an ex- 
periment (Experiment III) reported by | ht 
and Carter-Sobell (1970) on recognition n m- 
ory. They reported a decrement in the re- 
cognition of nouns when adjective modi: :rs 
changed between study and the recogni: on 
test. However, the recognition decrement as 
not as severe when the new adjectives ad 
the same meaning as the test adjectives, cm- 
pared to a condition in which the new ıd- 
jectives represented different meanings. 

In summary, it was clear from the pre ^nt 
experiments that the optimal conditions for 
cuing facilitation in recall occurred when ‘he 
Same cues were used for input and ou! ut. 
Changing cues clearly depressed recall. ! w- 
ever, the recall decrement was not as ro- 
nounced with new cues semantically re! ted i 
to the TBR words and the input cues, om- | 
pared to new cues semantically related to the 
TBR words but unrelated to the input «cs. | 
The results are consistent with the encoding - 
specificity hypothesis, although there wa: no 
clear evidence that semantic similarity ve- —- 
tween input and output cues facilitated rc all - 
performance relative to free recall. 
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about the third or fourth grade. 


Transfer of alphabetic material from 
aitial iconic storage to short-term memory 
ias been shown to proceed sequentially 
rom left to right with adult Ss (Mewhort, 
Merikle, & Bryden, 1969). The nature of 
transfer is effected by the familiarity of 
letter strings with sequences of letters that 
closely approximate English orthography 
transferred more rapidly than random 
strings (Mewhort, 1966, 1967; Mewhort 
et al, 1969). This initial level of proc- 
essing of individual letter strings has im- 
portant theoretical implications for studies 
on reading since any information that is 
fixated is established in iconic memory and 
must be transferred to some subsequent 
representation or lost. 

Mewhort et al. (1969) showed a more 
rapid transfer of familiar letter strings by 
presenting Ss with eight-letter sequences 
of zero- or second-order approximations to 
English. The processing time of the stim- 
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AFFECT THE TRANSFER FROM ICONIC TO 
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Adults and first-, third-, and fifth-grade children were shown eight-item 
pseudo-words of either first- or fourth-order approximation to English. Pro- 
cessing time was controlled with a visual noise mask and either the entire 
array was masked or just the left- or the right-hand side. The results show 
that (a) processing of letter strings proceeds sequentially from left to right, 
(b) it proceeds more rapidly for orthographically constrained strings of letters 
than random strings of letters, and (c) it was found to develop during the 
early school years with changes in processing strategy essentially complete by 


ulus was controlled by varying stimulus 
duration and by the delay of a pattern 
mask. Results showed greater accuracy 
with increased processing time. In addi- 
tion, accuracy was greater for second-order 
approximations than zero-order. A sig- 
nificant interaction of Processing Time 
X Order of Approximation indicated that 
an increase in processing time resulted in 
an increase in accuracy of recognition, with 
the rate of increase greater for the second- 
order approximations. 

The study by Mewhort et al. (1969) 
exhibited rapid processing from iconic 
memory into short-term memory. A second - 
part of this study was designed to show 
that processing proceeds sequentially left 
to right. The logic of the experiment was 
that material already processed would be 
unaffected by masking; however, material 
about to be processed would show a large 
masking effect. To test that hypothesis, 
either the left or right side of a display of 
either zero- or fourth-order approximation 
was masked at five delay intervals. The 
results showed that accuracy was greater 
for left side report when the right side 
was masked and vice versa. The critical 
interaction to support left-to-right proc- 
essing, Delay of Mask X Side Reported 
X Side Masked, was significant. The 
shorter the delay of mask, the greater the © 
difference between the effect of left or right 
mask on left side accuracy. For letters 
reported from the right, delaying the mask 
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improved performance whether left or right 
side was masked. A differential relation- 
ship between the rate of left-to-right proc- 
essing for different familiarity levels would 
be suggested by a significant interaction of 

Delay X Side Masked X Order of Ap- 
. proximation. However, the interaction did 
not reach significance in the Mewhort et al. 
(1969) study. 

In one of the few studies examining 
direction of report in children, Keenan 
(1972) found evidence suggestive of left- 
to-right processing in English-reading chil- 
dren and right-to-left processing in Hebrew- 
reading children. However, he found no 
effect of grade level and no significant 
Grade Level X Serial Position interaction 
with Ss in Grades 2, 4, and 6. This sug- 
_ gests that formal training in written lan- 
` guage has an effect upon direction of 
| processing but the effect is possibly estab- 
. lished by the second grade. 

_ The ability to use English orthographic 
structure has been found to follow a de- 
-velopmental pattern (Gibson, Osser, & 
- Pick, 1963; Lefton, Spragins, & Byrnes, 
_ 1973; Rosinski & Wheeler, 1972). Indeed, 
- Mewhort and Cornett (1972) have shown 
- the facilitatory effect of orthographic struc- 
_ ture in English is dependent on left-to- 
- right processing. Therefore, a relationship 
- would be expected between direction of 
processing in transfer into short-term mem- 
ory and order of approximation of pseudo- 
- words. Furthermore, the efficient use of 
orthographic structure could be expected 
to increase with increasing reading ability. 
These hypotheses would predict that ac- 
curacy of reporting tachistoscopic letter 
_ arrays would increase with reading ex- 
= perience, order of approximation, and 
processing time. 
_ The present experiments have been de- 

signed to examine these hypotheses by a 
partial replication of the study by Mewhort 
et al. (1969) and an extension of this study 
by examining the effects developmentally 
with first-, third-, and fifth-grade children 
as well as adults. Each SS was presented 
pseudowords of either fourth- or first-order 
approximation to English for various dura- 
tions. In Experiment I processing time 
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was manipulated and in Experimen 
the left-to-right variable was also asse 
by differential masking of the left or : 
side of the array. 


GENERAL METHOD 


Subjects. The Ss were children from tt a 
River Elementary School, West Columbia, ‘ 


Carolina. The Ss were first-, third-, and '.'th- 
graders who had mean chronological ages of 7 vra, 
2 mo.; 9 yr., 4 mo.; and 11 yr., 7 mo., respectiv ly, 
They were chosen at random from a list of tu- 
dents provided by their reading teachers. All 
students were at reading level or above, as essed 
by standardized tests and teacher evaluations. No 
S had any diagnosed reading or emotional p ob- 
lems. All Ss had normal or corrected visio: as 
tested with a Snellen chart. There were an © ual 


number of males and females in each experi: 
Students from the University of South Car: iina 
who were enrolled in an introductory psych 
course also served as Ss. In Experiment I i 
were 20 Ss per grade level, and in Experime::- II 
there were 22 Ss per grade level. 

Stimuli and apparatus. The stimuli were « 
item pseudowords chosen from the lists pro: 
by Hirata and Bryden (1971). They were 
and fourth-order approximations to English hat 
contained no repetition of letters within a psc 
word. The stimuli were prepared by placing b: 
uppercase Lettraset letters (Futura Bold #106) in 
the center of white stimulus cards. At a distance 
of 86 cm. the eight letters subtended 3.5? hori- 
zontally and .41° vertically. Masks were usec in 
both experiments and consisted of a cross-hatching 
that overlapped the letters. In Experiment | the 
mask overlapped all of the letters; in Experiment II 
two masks were prepared, one which would overlap 
the leftmost four letters, the other which would 
overlap the remaining four letters, The pseudo- 
words and mask were presented in two channels 


of a  four-channel Gerbrands  Tachistoscope 
(Model T-4B). 
Procedure. The Ss were chosen from their re- 


spective classes in a random order such that on 
any one day of testing children would be chosen 
from all three grade levels, The E escorted the 
child to the testing room, tested the child’s eye- 
sight, and indicated the nature of the task. The 
child was told that he was going to play a game 
and that after initiating a trial by pressing the 
button that was in front of him, the stimuli would 
appear for a brief time. He was asked to name 
as many of the letters as he could see. Guessing 
was encouraged and each child was told to fixate 
on the centrally located fixation spot. 

The sequence of stimulation was: fixation, pseudo- 
word, mask, and then back to fixation. The 
pseudowords were presented for 50, 100, 150, 200, 
or 300 msec. ; the mask was presented for 200 msec. 
The luminance of the background channel matched 
the luminance of the stimulus and mask channel 
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FIRST GRADE 


FiGURE 1, Mean accuracy in percent is presented as a function of processing 
(Each data point represents the mean of 120 observations for adults 
The data provided by Mewhort et al., 
1969, are also presented. The Mewhort data are for second- and zero-order 


w 
c 
[Y] 
o 
"S 
Y 
a 
E 
ADULTS 
- 
u 
n 
- 
2 
Ü 
pt © 
1 
4 
time, 
and first, third, and fifth graders. 


pe " * 
approximations.) 


and was .59 cd/m*, At no point were there any 
dark intervals. In both experiments Ss received 

. . 10 practice trials which were not included in data 
analysis. 


EXPERIMENT I 


The purpose of the experiment was to 
examine the nature of processing in the 
“transfer of information from iconic to 
= short-term memory. To that end it is 
necessary to control the amount of time 
that letters are processed within the icon. 
Thus, in the experiment a mask is used 

to control processing time with manipula- 
tions of the stimulus duration. There were 

2 orders of approximation used in com- 
bination with 5 durations of the stimulus. 
These 10 conditions were randomly ar- 

- ranged in blocks of 10 trials and repeated 
. With different stimuli six times. Thus, 
l each S provided six measurements on 


. each order of approximation-duration 
|. combination. 
Results. The number of correctly re- 


. Ported letters for each position was en- 
TS 
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THIRD GRADE 


processing time 
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FIFTH GRADE 


tered into an analysis of variance (Grade 
X Order of Approximation X Duration 
X Position X Ss). All of the main effects 
showed significance at the .001 level or 
beyond. As is clear from Figure 1, in- 
creasing grade level showed increases in 
accuracy, F (3, 76) = 24; fourth-order ap- 
proximations were reported more accu- 
rately than first-order approximations, 
F (1, 76) = 211; increasing the duration of 
the stimulus increased accuracy, F (4, 304) 
= 108; and accuracy on the right four 
positions was less than that on the left 
four positions, F (7, 532) = 199, 

Grade interacted with order of approxi- 
mation, F (3, 76) = 9.61, p < .001; dura- 
tion, F (12, 304) = 4.85, p < .01; and 
position, F (21, 532) = 5.68, p < .001. 
Order of approximation interacted with 
duration, F (4, 304) = 15.17, p < .001; 
and position, F (7, 532) = 5.68, p < .001. 
There was a Duration X Position inter- 
action, F (28, 2128) = 9.87, p < .001. 

There were multiple interactions of Grade 
X Order of. Approximation X Duration, 
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F (12, 304) = 3.32, p < .01; Grade X Or- 
-der of Approximation X Position, F (21, 
84) = 2.75, p < .01; Grade X Duration 
X Position, F (84, 2128) = 3.08, p < .01; 
Order of Approximation X Duration X 
Position, F (28, 2128) = 6, p < .01; and 
Grade X Order of Approximation X Dura- 
tion X Position, F (84, 2128) = 1.5, 
p < 01. 


EXPERIMENT II 


In the first experiment when processing 
time was manipulated, it was shown that 
given more processing time Ss were able 

to process more letters, that accuracy on 

the left was greater than accuracy on the 
right, and that there was a Processing 

Time X Order of Approximation inter- 
- action. These data are suggestive of a 
left-to-right sequential processing mecha- 
nism. When Ss were presented with a 
- brief array of letters, they processed from 

- left to right sequentially and did so more 
rapidly for orthographically constrained 
strings. It is possible that this kind of 
result is due to the order of report of the 
items or some other variable. To con- 
verge on the processing operation, Experi- 
ment II repeats the first experiment but 
masks only half of the array—either the 
left or the right half. When the left half 

of the array is masked, accuracy on the 
right should be lower than when the left 
half is not masked, but accuracy on the 
left should not be affected when the right 
side of the array is masked. These pre- 
dictions are based on the notion that Ss 
transfer information from the icon serially 
item by: item from left to right and that 
masking on the left disrupts the proc- 
essing sequence, whereas masking on the 
right may disrupt accuracy on the right 
but not affect accuracy on the left. With 
the addition. of the left-right masking 
variable there were 20 experimental con- 
ditions. These were arranged in a random 
order in blocks and replicated four times. 

Results. The data were treated in the 
same manner as in Experiment I, with the 
additional variable, of the side of the array 
being masked. All of the main effects were 
significant at the .001 level: With increases 
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in grade level there were increases in ac- 
curacy, F (3, 84) = 27; fourth-orde: ap- 
proximations were recalled with grater 
accuracy than first-order approxima :ons, 
F (1, 84) = 236; masking the right sh wed 
greater accuracy overall than maskin the 


left, F (1, 84) = 63; increasing the « ura- 
tion of the stimulus presentation bri ight 
about increases in accuracy, F (4, 336) 
= 307; and the eight positions i; the 


stimuli were not reported with equ: fa- 
cility Such that accuracy was greate»: on 


the left side of an array, F (7, 588) = 243. 
The data for Experiment II are pres: ited 
in Table 1. 

The grade variable interacted with « der 
of approximation F (3, 84) = 23, p < 001; 
duration, F (12, 336) = 8, p < .01; and 
position, F (21, 588) = 7, p < .001. ( «der 
of approximation interacted with dur: ‘ion, 


F (4, 336) = 21, p < .001, and posit 
the stimulus array, F (7, 588) = ‘i, $ 
< .001. Masking of the right com, 
with the left side of the array creat« 
teractions with duration, F (4, 336) 
p < .001, and position, F (7, 2352) = 
p «.001. There was also a Duration 
X Position interaction, F (28, 2352) = 28, 
p < .001. 

There were significant multiple inter- 
actions: Grade X Order of Approximation 
X Duration, F (12, 336) = 2.51, p < Oli 
Grade X Right-Left Mask X Duration 
F (12, 336) = 2, p < .05; Order of Ap- 
proximation X Right-Left Mask X Dura- 
tion, F (4, 336) = 15, p < .001; Grade: 
X Order of Approximation X Position 
F (21, 588) = 3.86, p < .01; Grade X Left- 
Right Mask X Position, F (21, 588) 
= 4.56, p < .01; Order of Approximation? 
X Left-Right Mask X Position, F (7, 588) 
= 7.95, p < .001; Grade X Duration X 
Position, F (84, 2352) = 4:22, p < .001; 
Order of Approximation X- Duration X Po- 
sition, F (28, 2352) = 5.78, p < .001; and 
Right-Left Mask X Duration X Position, © 
F (28, 2352) — 32, p < .001. n 

The four-way interactions were all sig- 
nificant at at least the .05 level: Grade 
X Order of Approximation X Right-Left - 
Mask X Duration, F (12, 336) = 1.98) 
Order of Approximation X Right-Left | 


Luv 


LEFT-TO-RIGHT SEARCH OF LETTERS IN ICONIC STORE 


TABLE 1 
EXPERIMENT II: 
ACCURACY IN PERCENT 


Order of approximation 
Fourth First 
de Duration in 
bate Left mask Right mask Left mask Right mask 
Left ac- | Right ac- | Leftac- | Right ac- | Leftac- | Rightac- | Left ac- | Right ac- 
curacy curacy curacy curacy curacy curacy curacy curacy 

50 9.8 23.5 29.5 10.0 13.8 21.3 34.0 3.8 
100 19.3 23.0 37.8 110 16.5 27.8 35.3 8.5 
150 26.3 28.5 40.0 15.5 23.8 25.0 40.0 13.8 
200 31.5 26.8 46.3 16.0 25.0 21.5 45.8 11.3 
300 42.5 18.3 48.0 15.0 40.0 15.0 46.5 9.8 
50 23.3 21.5 52.5 14.5 24.0 22.3 48.5 8.8 
100 34.5 32.8 60.8 19.5 31.3 32.3 50.8 13.8 
150 52.0 41.8 53.8 25.0 35.5 30.8 49.3 24.0 
200 60.5 38.3 71.0 29.3 47.5 24.5 60.5 22.8 
300 79.5 28.5 83.3 29.8 66.0 23.0 67.3 19.3 
5 50 25.3 35.3 73.8 15.0 27.5 35.8 60.3 12.5 
100 48.0 44.3 74.8 23.8 34.8 50.8 64.5 33.5 
150 63.5 55.0 81.8 32.3 51.3 33.3 71.5 26.0 
200 69.0 39.8 86.8 34.0 59.8 33.0 79.3 23.5 
300 85.8 43.3 86.5 39.3 80.8 29.5 17.5 32.8 
Adults 50 39.0 45.3 84.3 21.3 41.5 37.5 72.5 16.5 
100 70.3 54.5 71.0 34.0 48.3 49.5 79.8 19.3 
150 86.3 59.3 94.8 50.5 64.3 33.3 78.3 36.0 
200 90.5 54.8 97.0 48.0 73.8 36.5 85.0 33.8 
300 95.5 74.5 94.3 61.5 90.3 36.8 91.3 40.0. 


Mask X Position X Grade, F (12, 336) 
= 1.74; Grade X Order of Approximation 
X Duration X Position, F (84, 2352) 
— 2.36; Grade X Right-Left Mask X Du- 
ration X Position, F (84, 2352) = 3.75; 
and Order of Approximation X Right- 
Left Mask X Duration X Position, 
F (28, 2352) = 7.94. No other interactions 
were significant. 


Discussion 


The basic hypothesis was that the proc- 
essing strategy for the transfer of alphabetic 
material from iconic storage to short-term 
memory involves a sequential left-to-right 
factor that develops with increases in expe- 
rience with reading. In addition, it was 
hypothesized that the ability to use the 
orthographic structure inherent in English 
words develops during the early school years 
and is dependent on the left-to-right factor. 

The results support a  serial-processing 
Strategy. In both experiments there was 
greater accuracy of report on the left four 
Positions than on the right four positions. 


In addition, the position effect interacted with 
grade level, duration, and order of approxi- 
mation, indicating that the longer the stimulus 
is available, the older the child, and the higher 
the order of approximation, the more effi- 
ciently left-to-right processing proceeds. 
Mewhort et al. (1969) concluded that or- 
thographically constrained pseudowords are 
transferred more rapidly than random letter 
strings. This conclusion was supported and 
extended to consider the role of development 
and experience. The first graders who had 
had little experience with reading were not 
able to process fourth-order approximations 
any more efficiently than random letter strings. 
By the third grade a facilitatory effect of 
orthography was evident and the fifth-grade 
data were remarkably similar to those of the 
adults. In Experiment I the interaction of 
Grade X Order of Approximation X Duration 
clearly indicates the growth of a more rapid 
processing strategy that produces increasingly 
greater accuracy when the stimuli are higher 
order approximations to English. It appears 
evident that a processing strategy which takes 
advantage of the orthographic structure in- 
herent in English words does develop during, 
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the early school years and is probably a result 
of reading training (cf. Lefton et al., 1973). 
The logical implication is that Ss are chunking 
units for more rapid processing and that the 
ability to use unit processing increases during 
the early school years, reaching adult proc- 
essing levels by about the fifth grade. Thus 
the processing of these single pseudowords 
parallels the development of efficient reading 
in which Ss at first proceed letter by letter 
and then learn to process whole words or 
groups of words. 
Experiment II further explored the question 
of directionality of processing by masking 
either the left or right side of a letter display 
and therefore selectively interfering with proc- 
essing. The pattern of results clearly indi- 
cates left-to-right processing. When accuracy 
of report from the left side alone was con- 
‘sidered, masking on the left interrupted proc- 
essing more severely than masking on the 
right. As the processing time increased, the 
effect of the mask decreased and the difference 
between masking on the two sides decreased. 
- Left-to-right processing was evident at all 
- grade levels, even at the first grade. The 
difference between report from the left side 
and the right side continued to increase with 
age, showing a developing tendency to begin 
processing on the left. Although order of 
report strategies develop as a function of age 
and experience with English, Experiment II 
specifically examines changes in the processing 
of the stimulus display, changes that cannot 
be affected by output variables such as order 
of report. 
A relationship between the left-to-right 
factor and familiarity was evidenced by the 
significant interaction of Delay X Side Masked 
x Order of Approximation X Side Reported. 
Delaying the left side mask (and thus in- 
creasing processing time on the left) in a 
fourth-order approximation for adults in- 
creased accuracy on the left side and on the 
right side, but delaying the mask on the left 
side of a first-order approximation increased 
accuracy only on the left side. This could be 
explained by the fact that the right side of 
a fourth-order approximation is predictable 
once the left side has been processed. Inter- 
ference with left side processing reduces this 
facilitatory effect. Mewhort et al. (1969) 
presented such a conclusion but the relevant 
interaction in their study was not significant. 
In the present study the interaction was not 
only significant but also interacted with grade 
level, indicating that the extent of an indi- 
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vidual's familiarity with English orthogr:^hy 


is a critical factor. There were a numb:~ of 
other higher order interactions which ar- dif- 
ficult to interpret, and although to some 
extent they do limit the generality of the 


lower order interactions, they represent a la- 
tively small portion of the variance re! 
to the main effects and two- and three vay 
interactions. 

The results of the present experiments up- 
port a model of the transfer of inform: i 
into short-term memory that is sequentia! ind 
operating in a left-to-right manner. ^? iny 
tachistoscopic experiments involving word ind 


letter recognition have generally been on- 
ducted to make inferences about rea ng. 
Tachistoscopic tasks resemble reading in hat 


they present single words for brief durat 
a single fixation in reading must last at ' ast 
200 msec., thus there is a similarity bet) cen 
the two tasks. Although reading is cl: irly 


not a letter by letter process, the stin ilus 
for reading is words. Experiments in our 
laboratory! have shown that adults arc ex- 
amining 1.24 words per fixation. Clearly the 
Ss in the present study and in reading de not 


process all of the letters in the stim: us. 


However, both processing of single psc: do- 
words and directional attack in reading ‘see 
Footnote 3) do show a left-to-right factor | hat 


develops with age. The present data examines 
one of the initial stages of stimulus encoding 
that takes place before more complex levels 
can occur. 

In summary, processing of letter strings 
(a) was found to proceed sequentially from 
left to right; (b) proceeded more rapidly for 
orthographically constrained  pseudowords 
than for random strings; and (c) was found 
to develop during the early school years with 
changes in processing strategy essentially com- 
plete by about the third or fourth grade. 


* A. B. Spragins, L. A. Lefton, and D. F. Fisher. 
"Eye Movements in Reading Spatially Trans- 
formed Text: A Developmental Examination." 
Manuscript in preparation. 
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TRANSFER OF ADAPTATION TO ROTATION 
OF THE VISUAL FIELD ' 


CURTIS W. McINTYRE? 


University of Virginia 


Experiments on adaptation to rotation of the visual field are presented. All 
are similar in that they restrict movement during exposure to the visual rota- 
tion to one direction and subsequently test for adaptation with movements 
Positive transfer of adaptation to the new directions 
was found in all experiments. The amount of adaptation was found to vary 
in a curvilinear pattern as a function of the difference between the exposure 
Moreover, this curvilinear pattern reflects 
the predominant contribution of a motor or proprioceptive component to 
The implications of these results for integrated 
perceptual-motor coordination systems are discussed. 


in other directions. 


direction and the new directions. 


visual-motor adaptation. 


The revival of interest in the late fifties 
in adaptation to optical rearrangement 
(Held & Gottlieb, 1958; Kohler, 1964) as 
. an exciting general area of study was fol- 
. lowed by a detailed examination of both 
- the conditions necessary for and the exact 
nature of the adaptation itself (Harris, 
1965). In trying to ascertain the nature 
Í the adaptation, one general approach 
has been to use a transfer experiment. 
In some studies exposure during rearrange- 
_ ment was confined to one limb and tests 
-. for adaptation were carried out separately 
- for each limb (Cohen, 1967; Hamilton, 
1964; Kalil & Freedman, 1966). In other 
Studies the rearrangement was produced 
by modification of the information per- 
ceived through one modality, but the 
effects of exposure to the rearrangement 
= were evaluated separately for that and 

other modalities (Hay & Pick, 1966; 
- McLaughlin & Webster, 1967). 
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McIntyre, Department of Psychology, University 
of Virginia, Charlottesville, Virginia 22901. 
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Similarly, the present investigatio: 
ploys a transfer paradigm to inves 
the organization of perceptual-motor s 
The experiments continue the explor 


of a phenomenon reported by Pick, ./ar- 
ren, McIntyre, and Appel (1972). In 
Experiment III of that study, Ss vere 
exposed to a 90° rotation of the \ sual 
field. During exposure S was constr: ned 
to move his hand back and forth «.ong 
a straight track. Both his actual dire ‘ion 
of movement and the direction of the 
visual display of that movement were con- 
fined to single dimensions which were 90° 


apart. Thus, for example, if S was moving 
his hand toward and away from himself 
along his line of sight, it appeared to 
move horizontally back and forth in a 
right-left direction. In that study, adap- 
tation was expected to manifest itself in 
a change in copying a line in the direction 
of the visually displayed movement. Again 
using the same example, S had seen his 
hand moving horizontally right to left 
when in fact he had been moving it toward 
and away from himself. If he had adapted 
completely, he should draw a line along 
his line of sight when asked to copy 4 
horizontal right-left line without looking 
at his hand. If he had not adapted at 
all, he should draw a right-left line similar 
to the one he drew before exposure to the 
90° distortion. The main focus of the 
experiment, however, was not in this initial 
manifestation of adaptation but in the 
transfer or generalization of adaptation t9 
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dir. ons in space other than the visual 
dir tion of the track and movement. In 
the example, how would Ss draw lines 
wir asked to copy one extending toward 
anc away from himself rather than right 


ai... left, or when asked to copy a diagonal? 
I: general, the results of the previous 
s'idy demonstrated that a small but reli- 
i amount of adaptation occurred when 
t- test line (line to be copied) was in the 
se direction as the visually displayed 
h ud movement. This small amount of 
?/;ptation showed considerable if not com- 
| te transfer to orthogonal lines. Para- 

dcally, an even greater amount of 

Japtation was exhibited when copying 

st lines whose direction was intermediate 

etween the direction of visual movement 
;nd the orthogonal direction. The least 
ut still significant adaptation was shown 
o test lines whose direction was orthogonal 
io the intermediate test line. 

The present investigation consists of five 
experiments. The first is a more detailed 
report of a replication of Experiment III 
described briefly in Pick et al. (1972), It 
is reported here in more detail since it 
sets the conditions of the basic phenome- 
non and general paradigm for the entire 
study. The second experiment is designed 
to define the exact quantitative function 
relating amount of adaptation and dif- 
ference between direction of test lines and 
exposure lines. The third, fourth, and 
fifth experiments attempted to test alter- 
native explanations for the paradoxically 
greater adaptation found for the inter- 
mediate test lines. 


EXPERIMENT | 


The purpose of Experiment I was to 
verify the observation that adaptation to 
90° rotation of the visual field transfers 
to visual directions not involved in the 
original exposure. 


Method 


Subjects. Thirty-two right-handed volunteers 
with normal or corrected-to-normal vision were 
recruited from an introductory psychology course. 
All Ss were naive with respect to the purpose of the 
experiment. 
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Figure 1, The basic apparatus used in the 
experiments. 
Apparatus. The basic apparatus is depicted in 
Figure 1. The physical arrangement (following a 


suggestion by Howard & Templeton, 1966) was such 
that S saw his own hand in approximately its true 
location by means of a TV monitor. Rotation of 
the visual field was produced by rotating the TV 
camera 90? about its lens axis, This technique is 
similar in principle to that devised by Smith and. .- 
Smith (1962). , 

During the exposure period a stationary track 
formed by a 3-in. (.77-cm.) interspace between the - 
edges of two rectangular metal plates was located 
directly beneath S's hand. The S’s task was to 
trace with his right hand (using a stylus) the 10-in. 
(15.4-cm.) length of this track once every 3 sec, .- 
A metronome helped S maintain a proper pace. - 
Contact between the stylus and the edge of the - 
track closed an electrical circuit which resulted in 
a clearly audible clicking of a counter. 

Both before and after the exposure period, E — - 
blocked S's view of his own hand by interposing a 
white background containing an adjustable test line. 
Rotation of the test line about its midpoint (which 
was coincident with the TV camera’s lens axis) - 
allowed E to present any of eight test lines. The — 
test lines differed by some multiple (between 0 and. 
7) of 45° from the orientation of the exposure track. 
The S traced with his unseen hand each test line | 
onto a large pad of paper which replaced the sta- 
tionary track. Viewing was binocular throughout — 
exposure and tests. FZ i 

Design and procedure. ‘The experiment was con- — 
ducted in three phases. During the first phase, S's 
view of his hand was blocked by the white back- — 
ground containing the variable test line. His task — 
was to copy each of the eight test lines presented in 
a random order, The test lines differed in their — 
orientation, which was determined in part by the — 
drawing movement made by S. The Ss were in- 
structed to begin their line at the end designated T 
by a small dot, i.e., enlargement of the line. For 
example, a horizontal line drawn from left (where | 
the dot was located) to right was distinct from a — 
horizontal line drawn from right to left. 

During the second phase, S could see his hand 3 
reflected from the TV monitor. His task was to 
trace with a stylus back and forth for just over 16 d 
min. along a stationary diagonal track. Contact 3 
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Counter-clockwise 


Track orientation (m»manuol, V» visual) 


7: Orientation of testine with respect to monuol orientation of track 
r (degrees in direction of visual rotation) 


between the stylus and the edge of the track pro- 
duced a counterclicking noise which E defined as 
an error. The Ss were encouraged to trace the 
«track once every 3 sec. with a minimum number of 
rors. 

Eight Ss were assigned randomly to each of four 
- exposure conditions defined both by the direction 
3 ‘of the 90° rotation of the visual field (either clock- 
- wise or counterclockwise) and by the direction of 
= the diagonal track (either running from upper right 
— to lower left or from lower right to upper left). 
Each of the exposure conditions and its test lines 
are presented in Figure 2. 
.. During the third phase, S’s view of his hand was 
- blocked again. The S's task was to copy each of 
- the eight test lines. The procedure was identical 
— with that used during the first phase. 


Results 
The basic data were the amounts of 
adaptation revealed by comparison of the 
. directions of the test lines drawn before 
. exposure to the rotation of the visual field 
. to those drawn after exposure. Primary 
. adaptation was measured by the change 
in the drawing of the test line with the 
same visual orientation as the exposure 
track. Generalized adaptation was mea- 
sured by the changes in the drawings of 
the test lines with visual orientations dif- 


? Often the tracing of test lines did not result in 
perfectly straight lines. In all experiments in this 
study the angle of a test line was measured with 

reference to the straight line adjoining the end- 
points of the test-line tracing. 


Ficure 2. Conditions and test lines used in Experiment I. 


ferent from that of the exposure | ick. 
For purposes of analysis, all differen. s in 
adaptive direction between test lines «| awn 
before and after exposure were as- ned 
positive values, while differences i) the 
opposite direction were assigned nep. tive 


values. Application of an analys; of 
variance to these adaptation valuc- re- 
vealed a significant effect for orien. ‘tion 
of test lines, F (7, 196) = 6.94, p < 901, 


but no effect for direction of visual :ota- 
tion, orientation of exposure track, o: any 
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FIGURE 3. The mean adaptation (in degrees) 
obtained for each test line across all exposure con- 
ditions used in Experiment I. 
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of ‘se interactions. The mean adaptation 
as. iated with each test line under all 
ex: osure conditions is presented in 
Fix ure 3. 

spection of Figure 3 reveals a pattern 
o! adaptation similar to that found by 
Pik et al. (1972), i.e., primary adaptation 
( test lines labeled 90° and 270°) was 
s times greater than generalized adap- 
t on and sometimes less. (Note that in 
Figi 3, 4, and 5 the abscissa refers to 
te» line orientation with respect to the 
n aual orientation of the track.) More 
5' cifically, contrasts revealed the follow- 


(a) Generalized adaptation associated 
v th the test lines labeled 45° and 225° 
w is significantly greater than the primary 
& aptation'; (b) generalized adaptation as- 
sociated with the test lines labeled 135° 

d 315° was significantly less than the 

‘cimary adaptation, and (c) generalized 
laptation associated with the test lines 
abeled 0? and 180? did not differ signifi- 
'antly from the primary adaptation. 

As found by Pick et al. (1972), the 
results of Experiment I indicate that adap- 
tation transfers from the exposure orienta- 
tion to other orientations, and that transfer 
is greatest for an orientation to which S 
had not been exposed during the distortion. 

One hypothesis to account for these 
results is that there might exist some sort 
of "natural" or "cardinal" axes with re- 


' The adaptation to test lines at-this orientation 
is greater than to any other test line used. This 
particular orientation is intermediate between the 
orientation of the viewed track during exposure 
and the orientation of the actual track, Ht is the 
intermediate line through which the view was rotated 
to produce the 90° distortion. In the case of this 
particular experiment, if the viewed line was, for 
example, a diagonal from upper right to lower left 
and the direction of visual field rotation was clock- 
wise, the 45° and 225° lines were horizontal. Of 
course, a vertical line would also be intermediate 
but it would not be the intermediate through 
which the view was rotated, The transformed 
Visual-motor view preserves information about the 
direction of rotation in the following sense. If the 
rotation is clockwise an image of the hand in the 
lower right quadrant corresponds to actual hand 
Position in the upper right quadrant, whereas if 
the rotation was counterclockwise that image of 
the hand corresponds to an actual hand position 
in the lower left quadrant. 


spect to which perceptual-motor behavior 


is organized. When Ss adapt to percep: 


78515 


tual-motor rearrangements, the reorgani- - 


zation of their spatial behavior may be 


referred to these natural axes, especially - 


if an arbitrarily chosen dimension of ex- 
posure (e.g., a diagonal as in the present 


experiment) lies close to such a natural — 


axis. The hypothesis is that a neighboring 
natural axis will show a maximum of adap- 
tation, whereas a more distant natural axis 
would show a minimum of adaptation. 
(Spatial behavior can be described con- 
veniently with respect to any number of 
reference systems. Howard and Tem- 
pleton [1966, pp. 6-7], for example, define 
an arbitrary Cartesian reference system 
whose origin is the center of gravity of 
the body and whose axes are orthogonal 
in Euclidian space. On the other hand, 
these authors also review experiments 
[pp. 87-88] on accuracy of arm move- 
ments that suggest greater precision for 
some directions than others. These direc- 
tions bear no simple relation to the original 
Cartesian reference system but would be 
relevant for analysis of motor behavior of 
that type.) 

In order to investigate this hypothesis, 
Experiment II was designed to define more 
precisely where the maximum and mini- 
mum levels of adaptation occurred when 
S viewed a particular orientation during 
exposure to a 90? rotation of the visual 
field. To do this, adaptation was evalu- 
ated by means of test lines located every 
15° instead of every 45°. Then in Experi- 
ment III the orientations of maximum 
adaptations found in the previous experi- 
ment were used as the exposure orienta- 
tions for adaptation. 


EXPERIMENT I] 
Method 


Subjects. A new group of 128 right-handed volun- 
teers with normal or corrected-to-normal vision were 
recruited from the same introductory psychology 
course. Again, all Ss were naive with respect to the 
purpose of the experiment. 

Apparatus. The same closed circuit TV, sta- 
tionary track, and test-line apparatus used in Ex- 
periment I were used in Experiment II. However, 
in Experiment II each of the test lines differed by 
some multiple. (between 0 and 12) of 15? in the 
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Orientation of testine with respect to manual orientation of track 
(degrees in direction of visual rotation) 


Ficure 4. The mean adaptation (in degrees) 
obtained for each test line across all exposure con- 
ditions used in Experiment II. 


direction of the visual rotation away from the 
- exposure track. 

- -- Design and procedure. The procedure was similar 
- to that used in Experiment I. The design differed 
somewhat. Eight exposure conditions were defined 
by the 90° rotation of the visual field (clockwise or 
counterclockwise) and by the visual orientation of 
‘the exposure track (horizontal, vertical, or either 
iagonal) Half of the Ss were tested with test 
nes at every 15? from 0? to 90? in the direction of 
rotation. The other half of the Ss were tested with 
test lines at every 15? from 90? to 180°. Thus, for 
. tach test group, eight Ss were assigned to each of 
the eight exposure conditions. Because the two 
_ test groups were run successively, the data were 
- analyzed by separate ANOVAs. 


Results 


Again, the basic data were the amounts 
of adaptation revealed by comparison of 
the directions of the test lines drawn 
before exposure to the rotation of the 
visual field to those drawn after exposure. 
Application of an analysis of variance to 
these adaptation values for the first test 
group (0° to 90°) revealed a significant 
. .. effect for orientation of test lines, F (6, 336) 
= 8.11, p < .001; direction of visual rota- 
tion, F (1, 56) = 4.19, p < .05; and orien- 
tation of the exposure track, F (3, 56) 
= 2.63, p < .06. Anaysis of variance for 
the second test group (90° to 180°) re- 
vealed significant effects for orientation of 
test lines, F (6, 336) = 13.91, p < .01, and 
for the interaction of direction of rotation 
by orientation of exposure track, F (3, 56) 
= 2.97, p < .06. The mean adaptation 
associated with each test line under all 
exposure conditions is presented in 
Figure 4. 
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Inspection of Figure 4 reveals th. the 
generalized adaptation was often ; cater. 
than the primary adaptation (the te: lines 
labeled 90°). More specifically, co: ‘rasts 
for the 0°-90° test groups reveal | the 
following: (a) Generalized adaptat n as- 
sociated with the test lines labele 30°, 
45°, and 60° was significantly greate than 
the primary adaptation; and (b) g eral- 
ized adaptation associated with tl. test 
lines labeled 0°, 15°, and 75° did no: liffer 
significantly from the primary adap tion. 
The significant effect for direction o! . isual 
rotation reflects the slight differe: e in 
mean adaptation obtained for the lock- 
wise (11.999) and counterclockwise | .17°) 
rotations. The significant effect fo: »rien- 
tation of the exposure track refle: s the 
differences in mean adaptation o! «ined 
for the rectilinear orientations (hor ontal 
= 12.69? and vertical = 12.33?) and ‘he di- 
agonal orientations (upper left-lowc right 


= 848? and upper right-lower ft = 
8.819). 

For the 909—180? test groups, ins; cti 
of Figure 4 suggests that the gen: 
adaptation was usually lower tha. th 
primary adaptation (the test line !:! 
90°). More specifically, contrasts reve 
the following: (a) Generalized adap < 
associated with the test lines labeled 
135°, 150°, and 165° was significantly 
lower than the primary adaptation; and 
(b) generalized adaptation associated with 
the test lines labeled 105° and 180° di 
not differ significantly from the primary 
adaptation. 

The significant effect for the Direction 
of Rotation X Exposure Track interactioll 
was not clearly interpretable, but seem 
to reflect the difference in adaptation as 
sociated with the upper left-lower righ 
exposure track orientation in combinatio! 
with the separate directions of rotato 
(i.e., adaptation increased with the countel 
clockwise rotation and decreased with thé 
clockwise rotation). 

In general, the results of Experiment Il 
reflected the same pattern as found 1 
Experiment I, i.e., primary adaptation was 
sometimes greater than generalized adap 
tation and sometimes less. More specific 
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ca!'v, adaptation associated with the test 
lines labeled 30°, 45°, and 60° was sig- 
ni&cantly greater than primary adaptation, 
wie adaptation associated with the test 
linvs labeled 120°, 135°, 150°, and 165° 
was significantly lower. 

-xperiment IT specified more exactly the 
locus of maximum and minimum adapta- 
ton. The natural axis explanation as 

sently conceived suggests an experiment 
i: which one member of a maximum and 

imum pair of loci should serve as the 
ual orientation of the exposure line, and 
other member as the manual or true 
coentation of the track. In such an ex- 
periment it is predicted that adaptation 
voll be maximum for the visual exposure 
dentation and minimum at the true 
orientation of the track. In short, the 
raradoxically greater adaptation for orien- 
ations will not be found between the 
"isual and manual track orientation. 
Experiment III is an attempt to test 
these predictions. The maximum and 
minimum loci for the various orientations 
of Experiment II are indicated by the 
asterisks in Table 1. For example, in 


TABLE 1 


MEAN ADAPTATION (IN DEGREES) OBTAINED FOR 
SEVERAL EXPOSURE CONDITIONS IN 
EXPERIMENT II 


Visual orientation of track 
Test line Clockwise Counterclockwise 
(in degrees) N 
Vertical | Diesonel | vertical | JRT 
0 11.75 8.75 5.63 3.25 
15 15.63 6.75 7.38 9,75 
30 15.88 11.13 10.88 13.00* 
45 17.88 12.00 11,50 9.13 
60. 19,50* 15.63* 12.50* 9.25 
15 13.13 3.75 9.75 7.38 
90. 9.38 5.63 12.19 6.44 
105 6.75 7.38 5.88 5.00 
120 6.13 .88** 1.25 6.38 
135 4.75 2.38 —1.38**| 4.00 
150 4,13** | 5.25 —:.63 1.88** 
165 5.50 2.25 — .63 6.75 
180 7.15 3.75 8.25 7.88 


Note. The directions of the test lines with maximal (*) and 
minimal (**) average adaptation were used to approximate the 
natural axes used in Experiment III. The differences (in de- 
grees) between these test lines were used as the visual rotation. 
Abbreviations: UL-LR, upper left-lower right; UR-LL, upper 
right-lower left, 

* Entries are the average adaptation for the 90? test lines. 
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Column 1 when the visual orientation of 
the track was vertical with clockwise rota- 
tion, the maximum adaptation occurred 
with a 60? test line and the minimum 
adaptation occurred with a test line of 
150°; in Column 4 when the visual orien- 
tation of the track was on the diagonal 


and there was counterclockwise rotation — 


of the visual field, maximum adaptation 
occurred at 30° and minimum adaptation 
at 150°. (In Table 1 the test-line values 
represent orientation of the test line with 
respect to visual orientation of the track 
and measured in the direction of rotation 
of the field.) It appears from Table 1 
that the orientations of maximum and 
minimum adaptation in Experiment II 
differ considerably depending on the par- 
ticular exposure condition. This is dis- 
appointing in terms of defining very general 
natural axes. Nevertheless, it was decided 
to go ahead and use these loci to define the 
exposure dimensions for Experiment III. 


EXPERIMENT III 
Method 


Subjects. A new group of 64 volunteers with 
normal or corrected-to-normal vision was recruited 
from the same introductory psychology course. 

Apparatus, design, and procedure, The same 
closed circuit TV, stationary track, and test-line 
apparatus were used. The maximum and minimum 
values for each condition of Table 1 defined the 
present distortion conditions. Specifically these 
were 60° and 150° from vertical with clockwise 
rotation, 60° and 120° from diagonal with clockwise 
rotation, 60° and 135° from vertical with counter- 


clockwise rotation, and 30° and 150° from diagonal -— - 


with counterclockwise rotation. Sixteen Ss served 

in each of four distortion conditions defined by 

these pairs of values. Halt of the Ss in each con- 

dition had one orientation value as the visual orien- 

tation. For the other half of the Ss in each condis 

tion the visual and manual values were reversed, 

For example, in the condition defined by the maxi- 

mum and minimum loci of Column 1 in Table 1,_ 
half of the Ss had the manual exposure line at 150° 
and the visual exposure line 60° from 150° in a 
clockwise direction. Thus, it should be noted that 
selecting the distortion values in this way causes 
the amount of distortion to vary from condition to 
condition. 

The procedure for each S was. identical to that 
used in the previous experiments except that the 
test-line orientations were selected to sample most 
extensively in the range where adaptation was ex- 
pected to be highest and lowest for each distortion 
condition, 
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- Results 


Again, analysis of variance yielded 
significant effects of test-line orientation. 
A two-way ANOVA (Test-Line Orien- 
tation X Visual vs. Manual Track Orien- 
tation) was carried out for each distortion 
condition. The relevant test-line Fs were: 
for the 60°-150° condition, F (6, 84) 
= 6.72, p < .01; for the 60°-120° condi- 
tion, F (6, 84) = 2.77, p < .05; for the 
609—135? condition, F (6, 84) = 3.73, p 
< .01; and for the 30°-150° condition, 
F (6, 84) = 3.80, p < .01. But more im- 
portant, contrasts revealed that generalized 
adaptation for some test-line orientations 
in all conditions was greater than primary 
adaptation. Again, an intermediate orien- 
tation between the manual and visual 
- exposure orientation elicited maximum ad- 
aptation. In short, a natural axes ex- 
planation that predicts less generalized 
adaptation is ruled out. 

Since it was clear from these results that 
the natural axes hypothesis was untenable, 
a second explanation of the paradoxically 
- greater than 100% transfer of adaptation 
- was considered. It is based on the pos- 
sibility that the adaptation which occurs 
- in this kind of visual distortion experiment 
might consist of two components, one in- 
volving the visual system and one in- 
volving a motor and/or proprioceptive 
(M-P) system. If each component of the 
adaptation has a generalization gradient 
.. that is a function of the difference between 
_ the directions of the test line and of the 
= exposure track, it would be possible for 
_ the two gradients to sum at some inter- 
mediate position to a value greater than 
either gradient would produce by itself. 
Previous work by Hay and Pick (1966) 
has demonstrated the reasonableness of 
considering adaptation to the optical dis- 
placement of wedge prisms as the sum of 
—. two components. 

It is a straightforward procedure to 
determine whether the adaptation resulting 
from exposure to visual rotation resides in 
the visual system, in the M—P system, or 
in the coordination between them. If the 
adaptation is visual, S's visual judgments 
of test lines will change. If the adapta- 
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tion is M-P, then S's drawings í test 
lines will change when no test li: s are 
presented visually. If the adapt. ion is 
specific only to visual-motor coord. ation, 
then S's drawings of test lines wil! nange 
only when the test lines are pr sented 
visually and a motor response h as 
copying is required. 

The next two experiments t: this 
separate adaptation-components c vlana- 
tion. In Experiment IV the co tribu- 
tion of an M-P component to ad; ation | 
is assessed. In Experiment V thc ontri- 
bution of a visual component to ad: ‘ation 
is assessed. The contribution of -ch of 
these separate components to visua' motor 
adaptation was assessed by co: varing | 
them to the visual-motor adapta’ n ac- 
tually obtained. Moreover, these » arate 
components were combined to gene te an 
expected value for visual-motor ada. :ation 
which was compared to that ually | 
obtained. | 

EXPERIMENT IV | 
Method 

Subjects. A new group of 64 volunte :s with 
normal or corrected-to-normal vision was | -cruited 
from the same introductory psychology cou se. 

Apparatus. The same closed circuit iV and 
stationary track were used. The variable ‘est line | 
was removed from the test-line apparatus, leaving 


a white background that was used to block b's view” 
of his hand. 

Design and procedure. The exposure conditions 
were identical to those used in Experiment Il. 
Again eight Ss were assigned randomly to each of 
eight exposure conditions, defined both by the 
direction of the 90° rotation of the visual field 
(either clockwise or counterclockwise) and by tht. 
direction of the exposure track (horizontal, vertical, 
or either of the diagonals). 

The procedure was similar to that used before 
except that instead of copying visually presente 
test lines, S drew (without sight of his hand) test 
lines which corresponded to the direction of a test 
line named by E. For example, S was asked to 
draw a test line which was “horizontal beginning 
on the right" or a test line which was '"'diagon2 
beginning in the upper right." This procedure 
allowed assessment of the M-P component involvi 
in adaptation since no test line was seen by S. The 
Ss drew eight test lines which differed by some 
multiple (between 0 and 7) of 45? in the direction 
of the visual rotation away from the exposure track: 
Each test line was drawn in a random order both } 
before and after exposure to the visual rotation. | 
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of track (degrees in direction of visual rotation) 


Ficure 5, The mean perceptual and motor 
laptations obtained in Experiments IV and V 
:d the expected perceptual-motor adaptation. 


Results 


Again, the basic data were the amounts 
of adaptation revealed by comparison of 
the directions of the test lines drawn 
before exposure to the rotation of the 
visual field to those drawn after. Ap- 
plication of an analysis of variance to 
these adaptation values revealed a signifi- 
vant effect for orientation of test lines, 
F (7, 392) = 19.69, p < .001, and direc- 
tion of visual rotation, F (1, 56) = 4.83, 
P «.05. The mean motor adaptation as- 
sociated with each test line under each 
exposure condition is presented in 
Figure 5. 

Inspection of Figure 5 reveals a pattern 
of M-P adaptation similar to that found 
for visual-motor adaptation, i.e., primary 
adaptation (the test lines labeled 90° and 
270°) was sometimes greater than general- 
ized adaptation and sometimes less. More 
specifically, contrasts revealed the follow- 
ing: (a) Generalized adaptation associated 
with the test lines labeled 45? and 225? 
was significantly greater than the primary 
adaptation, and (b) generalized adaptation 
associated with the test lines labeled 0?, 
135°, 180°, and 315° was significantly less 
than the primary adaptation. 
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These results indicate that M-P adapta- 
tion transfers from the exposure orienta- 
tion to other orientations and that transfer 
is greatest for an orientation to which S 
had not been exposed during the distortion. 
Moreover, inspection of Figure 5 reveals 
that the mean M—P adaptation values were 


only slightly less (.73°) than those obtained ] 


for perceptual-motor adaptation. 

The significant effect for direction of 
visual rotation reflects the difference in 
mean adaptation obtained for the clock- 
wise (9.14) and counterclockwise (6.28) - 
rotations. 


EXPERIMENT V 
Method 


Subjects. A new group of 64 volunteers with 
normal or corrected-to-normal vision was recruited 
from the same introductory psychology course. 

Apparatus. The same closed circuit TV and 
stationary track were used. The test-line apparatus 
was modified as follows: A large circular array con- 
taining numerous lines of different colors was 
superimposed on the test-line apparatus. Adjacent 
colored lines were separated by 2° intervals. The 
center of this array coincided with the lens axis of 
the TV camer.. and the center of S's visual field. 

Design and procedure. The design was the same 
as used in Experiment IV. Again, eight Ss were as- 
signed randomly to each of eight exposure conditions. 

The procedure was similar to that used before 
except that instead of drawing a test line, S identified 
colored lines that corresponded to the direction of a 
test line named by E. For example, S was asked 
to name a colored test Jine which corresponded to 
“horizontal right." This procedure allowed assess- 
ment of the purely perceptual component involved 
in adaptation since no motor (drawing) response 
was required of S. 

The Ss selected colored lines that corresponded to 
test lines which differed by some multiple (between 
0 and 7) of 45° in the direction of the visual rotation 
away from the exposure track. The eight lines were 
selected in a random order both before and after 
exposure to the visual rotation. Different color 
wheels were used before and after exposure. 1 


Results 


The basic data were the amounts of 
adaptation revealed by comparison of the 
orientations of the test lines identified 
before exposure to the rotation of the 
visual field to those identified after. Ap- 
plication of an analysis of variance to 
these adaptation values failed to reveal 
any significant effects. 
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The mean perceptual adaptation asso- 
- ciated with each test line is also presented 
- jin Figure 5. Inspection of Figure 5 reveals 
a pattern of adaptation that is quite dif- 
-. ferent from that obtained previously for 
_ M= and visual-motor adaptations. It is 
readily apparent that the contribution of 
‘the. perceptual component to adaptation 
is at best minimal. In fact, the average 
contribution is only .92°—a value which 
— does not depart significantly from zero. 
Clearly, the contribution of the visual 
component was minimal in comparison to 
the contribution of the M-P component. 
This result is compatible with the results 
- of several previous studies. Harris (1963) 
and Pick, Hay, and Pabst (1963) have 
shown that proprioceptive adaptation can 
be induced by viewing one's hand through 
à prism for a few minutes. More recently, 
_ Hay and Pick (1966) have shown that 
- this initial quick-acting proprioceptive ad- 
= aptation is replaced by visual adaptation* 
- only after prolonged prism exposure and/or 
exposure to one's entire body. Since the 
adaptation effects generated in the present 
studies are short-lived, the evidence for a 
strong contribution by a proprioceptive or 
motor component is not surprising. 
. Even though the contribution of the 
_ visual component to the adaptation was 
_ near zero, it was combined with the motor 
Jes component to produce an expected value 
of perceptual-motor adaptation for each 
test line. This combination is depicted 
graphically in Figure 5. Comparison of 
3 these expected values with those actually 
- _ obtained: revealed great similarity (as is 
shown in Figure 6). The average dif- 
. ference between the obtained and expected 
adaptation values was —2°. Generally, 
the results of this experiment suggest that 
the major part, if not all, of the adapta- 
tion can be attributed to an M-P system. 


2 DISCUSSION AND CONCLUSIONS 


The results of Experiment I demonstrate 
that there is approximately 10% perceptual- 
motor adaptation to a 90? rotation of the 


5 There is considerable reason to believe that 
this so-called visual adaptation is actually based 
on altered registration of eye position. 


CURTIS W. McINTYRE AND HERBERT L. PICK, Jx. 


Mean Adaptation (in degrees) 


xpected | 


»btoined. 
O' 45' «90° 135° 180° 225° 270 
Orientation of testline with respect to manuo! totion l 
of track (degrees in direction of visual rot 
FiGURE 6. Obtained and expected po -«ptual-- 
motor adaptation. 

visual field. This occurs when Ss . © con 
strained to move their hand along o> diago- 
nal while, because of the optical rota: n, they 
see the track and movement as lying © ng the 
orthogonal diagonal. The results o! 'xperi- 
ment I also indicate, as in previ: work 
(Pick et al., 1972), that this adaptat shows 
irregular transfer to other spatial din nsionse 
In particular, there is approximately «mplete 
transfer from a test line identical in orienta 
tion to the orientation of the vise! track 
during exposure to a test line ortho. onal to 
that. Second, there is significantly greater: 
adaptation (about 15%) elicited by a test 
line with an intermediate orientation betweelt. 
that of the actual track and its optically” 


rotated image. This is the paradoxically 
greater adaptation which is elicited by a test 
line at an orientation not at all experience? 
by S during his exposure. Least adaptation 


is elicited by a test line orthogonal to thé 
intermediate line receiving the most 
adaptation. 


Experiments II-V were designed to 1 
vestigate the basis for this curious para 
doxical enhancement. One hypothesis was 
that when Ss were exposed to some arbitrary 
dimension, Ss responded not by adapting 
along that dimension but by adapting along 
some “natural” axis of their own perceptt! | 
or motor space. If that were true, it Wa 
hypothesized that maximum adaptation wou", 
be elicited when the test line corresponde 
to the so-called natural axis. Also, minimum 
adaptation would be elicited when the tei 
line corresponded to a natural axis orthogom™ 
to the one which had primarily adapte™ 


TRANSFER OF ADAPTATION TO ROTATION OF THE VISUAL FIELD 


Exc^riment II was designed to try to identify 
wi such natural axes might be. Experi- 
m III exposed Ss to distortion with tracks 
oi ated along these dimensions. The results 


fa. ^1 to support this natural axis hypothesis. 
Acain, 
ptation occurred to a test line congruent 
^ the orientation of the visual track during 
"ure. This transferred almost completely 
he orthogonal axis and an intermediate 
line again elicited greater adaptation. 

xperiments IV and V were designed to 
an alternative hypothesis for the para- 

cal enhancement of adaptation at inter- 
'' diate test lines. This hypothesis suggested 
t there may have been both visual and 

‘tor and/or proprioceptive adaptation, i.e., 

v visual adaptation occurred primarily along 

ve visually exposed dimension, and the motor 

"d/or proprioceptive adaptation occurred 

rimarily along the actual dimension of 

iovement. Both types of adaptation might 
eneralize, and the sum of their generalization 
gradients would yield a higher level of adap- 
tation at some intermediate orientation. Re- 
sults also failed to support this hypothesis. 
With the particular kind of distortion and 
exposure used here, most if not all of the 
adaptation is on the motor and/or proprio- 
ceptive side and there is little or no visual 
adaptation. The M-P adaptation very closely 
mirrors that found in the visual-motor test, 
including the paradoxical enhancement of 
adaptation elicited by intermediate test lines. 

An initial concern of this research was 
whether our perceptual-motor space is an 
integral system such that when one part of 
it is modified the whole system is modified, 
or whether it is a system of independent 
dimensions such that when one dimension is 
modified the modification is confined specifi- 
cally to that dimension. The results of the 
present study suggest that neither of these 
extreme positions is correct. There is some 
transfer of modification from exposed to non- 
exposed dimension and this transfer is quite 
irregular. The reason for the irregular transfer 
is still not understood. However, at least it 
is now known that the modification and the 
transfer is localized within the M-P system 
and not within the visual system. 

In.spite of the fact that the present study 
found that the adaptation to rotation could 
not be decomposable into visual and motor 
components, it is possible that the adaptation 
is decomposable into different components. 
In particular, the present adaptation might 


a small but significant amount. of. 
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be decomposable into motor and propriocep- 
tive components. The idea would be that a 
line at a given visual orientation would come — 
to elicit a new motor command. The strength 
of this effect would. fall. off as the visual 
orientation of a test line deviated more and 
more from the exposure orientation. Con 
versely, the felt movement (or series of posi 
tions) of the hand would shift toward its. 
visual movement. Again, the degree of this - 
effect would follow a generalization gradient, | 
and the two generalization gradients would - 
summate to produce the observed irregular — 
changes in visual-motor behavior. If such a — 
result were found it would emphasize the 
robustness of the visual-spatial system rela- 
tive to both the proprioceptive and motor 
systems. 
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EFFECTS OF WORD ORDER AND IMAGERY ON LEARNING VERBS 
AND ADVERBS AS PAIRED ASSOCIATES! 


JAMES L. PATE, PATRICIA WARD, AND KATHERINE B. HARLAN 


Georgia Stale University 


In each of four paired-associate studies with verbs and adverbs, more correct 
responses occurred with the verb-adverb order than with the adverb-verb 


order. Results were similar for the anticipation method and for the study- 


test procedure, 


combined factorially with word order. 


In one study, stimulus imagery and response imagery were 


While both stimulus imagery and 


response imagery had significant effects, word order was an even more potent 


factor. 


Recent verbal learning studies (Glanzer, 1962; 
Shapiro & Palermo, 1967; Simpson, 1965) have 
shown that ease of learning is determined partially 
by the grammatical class of the items—in a serial 
_ list, nouns are easiest to learn, adjectives are next, 
. followed by verbs and adverbs (Simpson, 1965). 

Since in paired-associate learning the ease of 
- learning the response element is of major impor- 

tance, it can be suggested that adjective-noun 

pairs should be easier to learn than noun-adjective 

pairs. Additionally, the adjective-noun pairs have 
an advantage in that they are in the natural lan- 
- guage order at least for the case where the two 
1 words are not separated by a verb. However, 
 Paivio (1963), after finding that noun-adjective 
“pairs are learned more easily than adjective-noun 
‘Pairs, suggested that the noun servés as a “con- 
eptual peg" (Lambert & Paivio, 1956) for ad- 
_jectives and thus facilitates learning when placed 
in the stimulus position. 

The present studies were designed to determine 
whether the same empirical relations would be 
obtained with verbs and adverbs. As was the 
case with nouns and adjectives, a deduction based 
on the serial learning of grammatical classes 
(Simpson, 1965) would suggest that adverb-verb 
pairs should be easier to learn than verb-adverb 
pairs even though the order of verbs and adverbs 
is not determined rigidly in the natural language. 
If the noun serves as a conceptual peg for the 
adjective, then perhaps the verb serves as a peg 
- for the adverb, which would lead to the prediction 

that verb-adverb pairs should be easier to learn 

than adverb-verb pairs. 


!The authors thank Judith Eller, who aided in data col- 
lection in Experiments I-III, and Margaret Rozelle, who 
aided in data collection for Experiment IV. An early report 
of the findings in Experiments I and II was made at the 
meeting of the Southeastern Psychological Association, Louis- 
ville, April 1970. The data in Experiment IV were reported 
at the meeting of the Midwestern Psychological Association 
in Chicago, May 1973. These data formed the basis ofa 
thesis submitted as partial fulfillment of the requirements 
for the master’s degree at Georgia State University by the 
second author under the direction of the first. 

? Requests for reprints should be sent to James L. Pate, 
Department of Psychology, Georgia State University, Uni- 
versity Plaza, Atlanta, Georgia 30303. 


EXPERIMENT | 


Method. The words used in this stu were 
selected from the list of stimulus words | ^d by 
Palermo and Jenkins (1964). Since the ! : con- | 
tains few adverbs that can be used appro) iately | 
as verb modifiers, the -ly suffix was added | seven | 
adjectives from the list to transform th: into 


adverbs. The nine adverbs were paired ro: domly 
with the nine verbs. The pairs were JUMP- EPLY, 
COMMAND-HEAVILY, SLEEP-SOFTLY, LIFT-S 
WHISTLE-SLOWLY, ^ BECOME-ROUGHLY, 

LOUDLY, STAND-SOFTLY, CARRY-SHORTLY. ! 


of the Ss, the words were presented in th. verb- 
adverb order, while for the other half, the words 
were presented in the adverb-verb order Four 
random sequences of the nine pairs were pi- ented 
to each S. 

Twelve male and 28 female students enrolled in 


introductory psychology classes were assigned ran- 
domly to one of the lists in the order oí their 
appearance at the laboratory, with an equal num- 
ber of males and females assigned to each list. 
Standard paired-associate instructions for the an- 
ticipation method were given, and the procedure 
was demonstrated to S with a list of nonsense 
syllables. Each stimulus item was presented on à 
Lafayette memory drum for 2 sec., followed by 
a 2-sec. presentation of the paired items. There 
was an intertrial interval of 20 sec., but there was 
no interval between successive pairs. One study 
trial and 20 anticipation trials were presented. 
Results. The number of correct anticipations 
was tabulated in five blocks of four trials each. 
Word order had a significant effect, F (1, 38) 
= 14.76, p < .01, with the mean number of cor 
rect anticipations per trial block being 19.3 in the 
verb-adverb order and 12.4 in the adverb-verb 
order. On the final trial, 10 of the 20 .Ss in the 
verb-adverb group made 8 or 9 correct responses; 
while only 3 of 20 Ss in the adverb-verb group. 
made 8 or 9 correct responses. The superiority 
of the verb-adverb order increased across trials, 
as indicated by the significant Word Order x Trial 
Blocks interaction, F (4, 152) = 4.07, p < .01. 
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EXPERIMENT lI 


ight be argued that interitem similarity was 

res ible for the results obtained in Experiment I. 
¢ e adverbs ended in an identical suffix, -ly, 

ere was no common element on the end of 
the verbs. Since stimulus similarity has been 
shown to retard learning, similarity could have 
important when the list was presented in the 

:b-verb order. Thus, the experiment was 
rep^ated with an identical suffix added to all verbs 
in an attempt to control for similarity. 

‘vthod. The number of Ss, the instructions, 
anc the procedure were the same as in Experi- 
ment L The list of words used in Experiment I 
modified by adding -ing to each verb. 
esults. As before, the word order effect was 
üficant, F (1, 38) = 4.54, p < .05. The mean 

number of correct anticipations per trial block was 
152 in the verb-adverb group and 12.8 in the 
verb-verb group. In comparison with Experi- 
tment I, it should be noted that the adverb-verb 
»coup are only slightly different. However, the 
»umber of correct anticipations in the verb-adverb 
roup is considerably less than in Experiment I, 
;esulting in a much smaller mean difference be- 
‘ween the groups, probably a result of increasing 
the stimulus similarity for the verb-adverb group. 
Additionally, the verb-adverb pairs in Experi- 
b I could be read as two-word imperative 
sentences, while the same pairs could not be formed 
into sentences as easily in Experiment II. The 
number of Ss making 8 or 9 correct responses on 
the last trial again reflected the verb-adverb 
superiority with 9 Ss in the verb-adverb group 
and 4 Ss in the adverb-verb group reaching criterion. 
Interestingly, the Word Order X Trial Blocks 
interaction was not significant, F (4, 152) — 1.95, 
p> .05. Thus, it would appear that variations 
in stimulus similarity and/or forming sentences 
led to the observed interaction in Experiment I. 


EXPERIMENT III 


Experiment III was undertaken to determine 
whether the effects obtained in the two previous 
experiments could be obtained with a study-test 
procedure. 

Method. The Ss were observed in groups of 2, 
3, or 4 for four alternating study-test trials. The 
pairs were projected onto a screen for 2 sec. each 
on the study trials, and the stimulus member of 
a pair was projected onto a screen for 8 sec. on 
the test trials. Twenty males and 20 females 
wrote their responses on sheets with nine blank 
spaces numbered 1 to 9. Otherwise, the procedure 
was the same as in Experiment II. 

Results. As in Experiments I and II, the word 
‘order effect was significant, F (1, 36) = 4.48, 
p <.05. The mean number of correct responses 
combined across the four test trials was 16.7 for 
the verb-adverb group and 11.8 for the adverb- 


The authors thank the consulting editor for suggesting 
this possibility. 
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TABLE 1 
Lists or PAIRS USED IN EXPERIMENT IV 
Verbs Low-imagery High-imagery 
adverbs adverbs 
Low imagery 
SUPPOSING PARTLY QUICKLY 
CONSIDERING POSSIBLY DEEPLY 
BECOMING CERTAINLY LOUDLY 
MENTIONING SURELY INSTANTLY 
SUGGESTING PROBABLY EARLY 
INCLUDING. ACTUALLY RAPIDLY 
COMMANDING HARDLY SWIFTLY 
SEEMING REALLY SLOWLY 
REGARDING MERELY SUDDENLY 
High imagery 
BUILDING MERELY INSTANTLY 
LIFTING POSSIBLY DEEPLY 
RESTING SURELY SWIFTLY 
BUYING CERTAINLY QUICKLY 
LOOKING PARTLY RAPIDLY 
DESTROYING REALLY SUDDENLY 
MOVING PROBABLY SLOWLY 
BREATHING ACTUALLY EARLY 
STANDING HARDLY LOUDLY 
verb group. These means as well as the F value 


were quite comparable to the values obtained in 
Experiment II. 


EXPERIMENT IV 


Although an order effect was demonstrated 
clearly in Experiments I, II, and III, it is possible 
that imagery could have been instrumental in 
producing the effect, since imagery was not con- 
trolled explicitly. Yuille, Paivio, and Lambert 
(1969) reported a noun-adjective order effect with — 
imagery controlled. However, there was an im- 
agery effect, and more importantly, there was a 
significant three-factor interaction of word order, 
noun imagery, and adjective imagery. They found 
that for- high-imagery adjective-low-imagery noun. 
pairs the number of correct responses was greater 
than for low-imagery noun-high-imagery adjective 
pairs. They concluded that imagery was a more 
important factor than word order. 

Method. . High-frequency verbs and adverbs ob- 
tained from Thorndike and Lorge (1944) were 
rated on imagery by 41 to 50 Ss following the 
procedure described by Paivio, Yuille, and Madigan 
(1968).4 High- and low-imagery verbs and adverbs 
were selected to form eight lists of nine pairs. 
Stimulus imagery (high or low), response imagery . 
(high or low), and order (verb-adverb or adverb- - 
verb) were combined factorially. The mean im- 
agery ratings were 2.78 and 2.45 for low-imagery 
verbs and adverbs and 5.71 and 5.33 for high- 
imagery verbs and adverbs, respectively. The 
pairs are shown in Table 1. There were 128 Ss 
with 9 females and 7 males assigned to each list. 
The remainder of the method was the same as in 
Experiment II. 

Following the completion of the learning task, 
each S completed a learning strategies question- 

4A report of individual ratings and the procedure used 


to obtain the ratings of the verbs and adverbs, as well as 
a sample of adjectives, is available from the first author, 
. 
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maire. Imaginal, verbal, and repetitional strategies 
were described, and S was instructed to indicate 
what strategy had been employed for each pair. 
The Ss could note that some other strategy had 
been used or that no strategy was employed. 
Questionnaire data for 1 S were not obtained; 
the mean of the other Ss in that condition replaced 
the missing data. 

Results. The number of correct anticipations 
was combined into five blocks of four trials for 
each S. These trial block totals were analyzed in 
a2 X2 X 2X 5 analysis of variance, with stimulus 
imagery, response imagery, and word order as 
between-Ss factors and trial blocks as a within-Ss 
factor. 

There was a significant word order effect, F (1, 
120) = 31.34, p < .005, with mean correct anticipa- 
tions of 14.7 in the verb-adverb order and 9.6 in the 
adverb-verb order. While the interaction of word 
order and trial blocks was significant, F (4, 480) 
= 1340, p «.005, the verb-adverb order was 
superior at each block. 

High-imagery stimulus words yielded a mean of 
13.9 correct anticipations per block, in contrast 
with the low-imagery stimulus words, which 

- yielded a mean of only 10.4 correct anticipations, 

a significant difference, F (1, 120) = 15.50, p 

<.005. The Stimulus Imagery X Trial Blocks 

interaction was significant, F (4, 480) — 5.22, 
- p «€.005, with the slope for the high-imagery 
lists being steeper than the slope for the low- 
imagery lists. 

Response imagery had a similar but smaller 
effect. The mean number of correct anticipations 
was 13.3 with high-imagery response words and 
10.9 with low-imagery response words, F (1, 120) 

— 121, p «.01. The rate of increase in the 
number of correct anticipations was significantly 
— different for high- and low-imagery response words, 

F (4, 480) = 6.18, p <.005. High-imagery re- 

sponse words produced a slope that was greater 

than the slope for the low-imagery response words. 

However, the difference between the slopes was 

not as great as the difference between the slopes 

for stimulus imagery. 

Table 2 shows the mean number of correct antici- 
pations for each of the eight groups. The Word 
Order X Stimulus Imagery interaction was sig- 
nificant, F (1, 120) = 5.77, p <.05. The verb- 


TABLE 2 
MEAN CORRECT ANTICIPATIONS FOR EACH LIST 


Stimulus imagery 
Word order-Response 


imagery 
High Low 

Verb-adverb 
High 17.8 12.5 
Low d 11.1 

m 17. 11. 

Adverb-verb * 
High 11.5 11.6 
Low 9.1 6.2 
m 10.3 89 
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adverb order was consistently superior, bv: 
effect was greatly enhanced for the high-i:-:gery 
stimulus condition. The high-imagery sti: u 
verb-adverb combination was significantly d: 
from the other three combinations, which d ! 
differ among themselves (Newman-Keuls, p 
No other interactions were significant. 

The frequencies with which the various 
gies were employed differed significantly, F ( 
— 36.82, p « .001, with repetition being u 
a mean of 3.2 pairs. A verbal strategy was ' 
for 2.6 pairs, an imaginal strategy for 1.8 
and no strategy or some other strategy for 1.4 
Perhaps more importantly, there was a 5t 
Imagery X Strategies interaction, F (4, 
= 5.02, p < .001; imaginal strategies we 
ployed more frequently and repetitional str 
were employed less frequently with high-i: 
stimulus words than with low-imagery :' 
words. The frequency of verbal strateg: 
other strategies remained relatively the sam: 

The Response Imagery X Strategies int 
was significant, F (4, 480) = 11.78, p < .001 
imaginal strategies occurring more often wit! 
imagery response words than with low-i: 
response words. Rather surprisingly, thei 
also a marked increase in the frequency of 
tional strategies with an accompanying d: 
in the frequency of verbal strategies, The a 
of a Response Imagery X Stimulus Imagery 
action is somewhat unexpected in that an im 
strategy would seem to be more likely to ! 
ployed when both the stimulus and the rc-; 
items are high in imagery. However, the } «sent 
results indicate that imaginal strategies > em- 
ployed frequently when either stimulus in gery 
or response imagery is high. 

Finally, it should be noted that word order did 
not affect the frequency with which the various 
strategies were employed. Since word order was 
the most potent variable in determining correct 
responding, this may indicate that the factors 
which affect accuracy and the factors which affect 
strategy selection are at least partially independent. 


em- 
gies 
gery 
ulus. 
and 


tion 
vith 
"igh- 
gery 
was 
peti- 
case 
sence 
nter- 
zinal 
em- 
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DISCUSSION 


A word order effect was obtained in all four 
studies, with the effect being quite potent even when 
both stimulus imagery and response imagery were 
controlled.. In conflict with Yuille et al. (1969), 
there was no significant interaction of word order, 
stimulus imagery, and response imagery. 1n fact, 
the verb-adverb order was superior to the adverb- 
verb order for all imagery combinations in Ex- 
periment IV. Since different parts of speech were 
employed in the two experiments, it may be that 
the three-factor interaction is unique to noun and 
adjective pairs. In agreement with the noun- 
adjective data, it was found that the more effective 
order had the modifying word (the adjective of 
the adverb) in the response position. Words that 
can be modified seem to serve better as cues than 
do words that modify. "Whether this relation will 


extend to « ` parts of speech, e.g., adjectives 
and adverbs -.: pairs, remains to be determined. 

Even th: the word order effect was more 
potent, ima had a substantial effect. In con- 
trast with noun-noun studies or with the 
noun-adje: studies, it should be noted that 
imagery is lerably. less effective with verb- 
adverb pai t least two reasons can be sug- 
gested for liflerence. It may be that the 
imagery v verbs and adverbs is less than 
the imager of nouns and adjectives. This 
Seems som: unlikely in that the mean values 
are compar for the various lists. The other 
possibility t imagery is not the same when 
referring tc un and when referring to a verb. 
For high-i verbs, Ss may form images of 
an actor something rather than simply 
forming a of the single word as might 
occur with ti. 

Finally, iid be noted that imagery rather 
than word was the principal determinant of 

- the learnin; tegy employed. The less frequent 

use of ima trategies in comparison with the 
i Rr 
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noun-noun studies may again be a result of the 
difference in the function of parts of speech. 
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NTERACTION OF DRIVE LEVEL AND TASK COMPLEXITY IN 
VERBAL DISCRIMINATION LEARNING 


EFFREY A. SEYBERT,? DAN M. WRATHER, N. JACK KANAK, AND ED ECKERT 
University of Oklahoma. 


i icti d on a combination of 
An experiment was performed to test predictions base i 
the frequency theory of verbal discrimination learning and Utd drive 
theory, the latter of which postulates a Drive Level X Task Complexity 


interaction. 


Three list conditions derived from Ekstrand, Wallace, and 


3 iate-both (AB) list which 
Underwood's frequency theory were used: an associate- (AB v 
is relatively difficult Ri complex, a same-right (SR) list which is relatively 


easy or simple, and a control (C) 
x of Drive X Task Complexity was ol 
1 and total errors. 


list of moderate difficulty. An interaction 
bserved, both in terms of trials to criterion 
High-drive Ss performed better than low-drive Ss on the 


SR list while the reverse was true for the AB list. 


Taylor and Spence (1952) extended the notion 
> Hullian theory that increases in drive (D) 
multiplicatively energizing habit strength (sHz) 
Mould result in increases in performance. They 
Pointed out “that the theoretical implication of 
increasing drive level of S will depend on the 
Nature of the behavior situation [p. 61]" In 
“tuations involving a single response tendency an 
increase ip D is expected to lead to an increase 
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in ormance. In more complex tasks involving 
competing response tendencies, the effect of in- 
creases in D will depend upon the initial response 
hierarchy and the relative habit strength of the 
correct response in the hierarchy. If the correct 
response is dominant, increases in D will facilitiate 
performance. However, if competing response ten- 
dencies are present, high levels of D should result 
in impaired performance relative to low levels of D. 
Early studies by Montague (1953) with serial 
learning and by Spence, Farber, and McFann 
(1956) using a paired-associate (PA) task found 
support for these predictions when D was defined 
in terms of anxiety (as measured by the Taylor 
Manifest Anxiety Scale; Taylor, 1953). More 
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recently, similar effects have been observed in PA 
procedures involving other drive manipulations 
(e.g. Cottrell, 1968, using audience as a drive 
variable). Spence (1958) pointed out that the 
Drive X Task Complexity interaction should also 
interact with stage of practice (though neither the 
Montague or Spence et al. studies confirmed this 
prediction). That is, with difficult or complex 
tasks low-D Ss should be superior to high-D Ss 
1 only during the early stages of learning, since 
correct response tendencies should become domi- 
nant in the later stages of learning and high-D 
Ss should then become superior. Spielberger and 
Smith (1966) confirmed this more complex inter- 
action in a serial-learning task when stress was 
added to differential anxiety levels. 
The original Taylor-Spence prediction of a Drive 
X Task Complexity interaction has thus drawn 
substantial support in PA and serial-learning 
- studies, The present study involved an attempt 
to extend support for the Taylor-Spence theory to 
a verbal discrimination (VD) task based on com- 
bined predictions from drive theory and the fre- 
- quency theory (Ekstrand, Wallace, & Underwood, 
- 1966) of VD learning. The basic assumption of 
the frequency theory is that the learning of a VD. 
ist is based upon the differential accrual of fre- 
quency units of responding to intrapair wrong (W) 
=~ and right (R) items. Since frequency units from 
— representational responses, pronunciation responses, 
and rehearsal responses accrue more rapidly for R 
2 items, the cue for discrimination is assumed to be 
3 . the differential subjective frequency of R and W 
— items, Another source of frequency units, the 
implicit associative response (IAR; Bousfield; 
Whitmarsh, & Danick, 1958), may result when 
associatively related items occur in the list. The 
IAR is expected to have a facilitative effect if the 
associated words are both R items, but it is ex- 
pected to interfere if they are both W items or 
if one of the associates has a W function and the 
other an R function, all relative to a control list 
of unrelated words. Ekstrand et al. (1966) found 
| that a "simple" task in which a given R item 
also appeared as an R item in another pair (a same- 
: right [SR] condition), thus resulting in a rapid 
accumulation of frequency units to the R item, 
was significantly easier to learn than a control 
list involving no repeated items. In another con- 
dition involving a more complex or difficult task, 
one word of a normative associate (e.g., king) 
appeared as an R item in one pair and its primary 
associate (gueen) served as a W item in another 
-— pair, each paired with unrelated items. This con- 
; dition, termed AB (associate both), produced sig- 
nificantly more errors than an unrelated control 
(C) list, a result replicated by others (e.g., Ful- 
kerson & Kausler, 1969). 

Although the original statement of frequency 
theory postulated no explicit mechanisms for hand- 
ling motivational effects in VD learning, the com- 
bination of Taylor-Spence drive theory and fre- 
quency theory seems straightforward. “Units of 
frequency" can be conceived of as, increments to 
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habit strength and have in fact been tr 
such by Spence (1936) in his theory of di 
tion learning. The present study empleo 
SR and AB verbal discrimination tasks wl: 
assumed to represent simple and compl. 
respectively, based on the assumed relativ: 
of the differential subjective frequency : 


SR task involves a single dominant respo: > tend- 
ency based on the rapid accrual of freq: ncy or 
habit strength to R items, and thus h 

(as defined by the Taylor Manifest Anxic: Scale) 


was expected to facilitate performance re. ive to 
low drive. In the AB task, on the oth: hand, 
the occurrence of the IAR is assumed to crease 
W-item habit strength and hence reduce <e fre- 


tation 
than 
high 
ng as 
s, the 
func- 
This 
e will 
asso- \ 
tition. 
umed 
ratio 
»verall 


quency differential, with the resultant ex; 
that low-drive Ss should perform be: 

high-drive Ss early in learning. Howe. 

drive should become superior later in le: 

the relative habit strength of the R iten 

W item becomes more clearly dominant as 
tion of frequency unit accrual mechanisn 

follows from the expectation that high c: 
energize above threshold the habit streng: 
ciated with W items, thus leading to com 
Finally, relative to the frequency ratios 

to be involved with the AB and SR lists, : 
associated with the C list should make it o: 
intermediate difficulty. 

Method. The experimental design was 
factorial with drive (high and low) and li 
C, and SR) serving as the factors. The 
(1953) Manifest Anxiety Scale (TMAS) was ad- 
ministered as a biographical inventory of 50 items | 
to 153 introductory psychology students. A pproxi- 
mately the upper and lower thirds of this group $ 
were used as a pool for selecting high- and low- 
drive Ss for the experiment; specifically, 36 5s 
from the upper third and 36 Ss from the lower 
third were used in the experiment (n = 12 per cell). 
The mean TMAS score for the high-drive Ss was 
22.50 and the scores ranged from 17 to 32, while 
the mean score for the low-drive Ss was 5.89 and 
the scores ranged from 2 to 10. All Ss were naive 
with respect to prior participation in verbal-learning 
experiments. | 

Three 16-pair VD lists were constructed from 
a pool of 40 high-meaningful words which ranged | 
in length from three to seven letters. The AB list 
consisted of 8 primary word associate pairs (P 22 
lermo & Jenkins, 1964) and 16 unrelated or mint 
mally associated words. The word associate paits 
possessed a mean associative strength of 36.55% 
and were designated opposing R-W functions 
within the AB list. The SR list consisted of the 
same words except that 8 repeated R items wert 
substituted for the 8 primary word associates 9 
stimulus words (from the norms) in the AB list. 
The control Jist was composed of 32 minimally 
associated words, It included the 24 unrelatet 
words that were represented in the two exper 
mental lists and 8 additional neutral words. 

Four random orders of serial position were €M- 
ployed for the three list conditions, with the Fé 


2x3 
(AB, 
Taylor 


drive $ 


associates in the AB list and 


striction t ord 

repetition: me R items in the SR list 
have at | m ntervening pairs between their 
occurrence addition, the left-right spatial 
position oí ms was independently randomized 
for each "der, with the restriction that 
successiv« nces of R items occupying the 
same spat ition in a given serial order not 
exceed thr: 

AIL Ss tested. individually and were in- 
structed t s on their initial trial. The lists 
were pre by the anticipation method by 
means of ette memory drum and the start- 

ing rand xder was unsystematically varied 
across Ss. VD pair appeared in horizontal 
alignment c. during the anticipation interval 
and S pr d aloud the item he believed to 
be correct pair reappeared during a 2-sec. 
feedback | with the R item underlined. 
The intert: rval was 4 sec. for all conditions. 
Standard tions conforming to the require- 
ments of t ticipation method were given to 
each S. s were not instructed concerning 
the specific ure of the lists and practice was 
carried to ion of 2 successive errorless trials 
or 20 trial chever occurred first, 

Results o+- discussion, The data were analyzed 
both in te number of trials to reach a cri- 
terion of t rorless trials and in terms of total 
errors. 

The tria > criterion data were analyzed via 
a 2(Drivc Lists) analysis of variance. The 
mean trial criterion and standard deviations, 
respectively, ‘or the high-drive Ss were: 12.50, 
3.50 (AB); 7.57, 1.97 (C); and 5.08, .90 (SR). 
The mean tials to criterion and standard devia- 
lions, respectively, for the low-drive Ss were: 9.00, 
$97 (AB); 9.17, 3.07 (C); and 7.25, 3.84 (SR). 


The lists main effect was significant, F (2, 66) 
= 5.30, p <.01, but the drive main effect was 
not (F < 1). As the means suggest, the analysis 
also revealed a significant Drive X Lists inter- 
action, F (2, 66) = 14.67, p <.001. In order to 
detect the individual group differences, the Drive 
X Lists interaction was analyzed via the Tukey 
Correction procedure for post hoc comparisons. 
The Tukey comparisons indicated that the three 
list conditions were ordered for the high-drive 
Broups as follows: AB > C > SR (all 2s < .01); 
the low-drive groups were ordered in the following 
manner: AB = C > SR (ps «.05) The within- 
ist Comparison between the drive conditions in- 
dicated that on List AB, high > low ( <-01); 
that on List SR, low > high (p < .05); and that 
the high-C group did not differ from the low-C 
8roup, 

The total errors data, like trials to criterion, 
Were analyzed via a 2(Drive) X 3(Lists) analysis 

" Variance. Mean total errors and standard de- 
Ee respectively, for the high-drive Ss were 
ae 11.89 (AB); 29,42, 11.13 (C); and 14.17, 
fo 0 (SR). The comparable values, respectively, 
Or the low-drive Ss were: 27.58, 12.61 (AB); 28.42, 
1085 (C); and 24.92, 21.32 (SR). The analysis 
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again revealed a significant Drive X Lists inter- 
action, F (2, 66) = 347, p « 05; a significant 
lists main effect, F (2, 66) = 6.10, p < .005; and - 
a nonsignificant drive main effect (F <1), The - 
Tukey comparisons revealed for the high-drive 
conditions that Group high-AB made more errors 
than Group high-C (p «.05), and that both of 
these groups made more errors than Group high-SR 
(both ps <.01). There were no significant dif- 
ferences in terms of errors between any of the 
low-drive groups. The lack of a more significant 
positive covariation of errors with List 1 trials 
among low-drive Ss (since trials did yield a sig- 
nificant difference between conditions under low 
drive) has no readily apparent explanation. Never- 
theless, the rank of the means for errors did favor 
superior performance on the part of Ss in the SR 
condition. It may be noted, however, that the 
standard deviation of the low-SR mean is almost 
four times as large as that of the high-SR group. 
An inspection of the individual protocols indicated 
that two Ss in the Low-SR condition made 64 and 
69 errors, while the remainder of the scores ranged 
from 4 to 40 with a mean of 16.7, compared to the 
overall mean of 24.92. The error scores of these — 
two Ss showed erratic performance across trials, 
The comparions within lists between drive condi- 
tions, however, demonstrated that on List AB, 
high > low (p < .05); that on List SR, low > high 
(p < .01); and that Group high-C did not differ 
from Group low-C. 

The prediction (Spence, 1958) that high drive 
should be inferior to low drive in the early stages 
of learning the complex (AB) task, while the reverse 
should be true in later stages of learning, was also 
examined from the error data. Since all Ss re- 
ceived an initial guessing trial, 50% (8/16) correct 
responses should occur on the initial trial for both 
high- and low-drive groups. The obtained mean 
values were 7.66/16 and 7.91/16, both very close 
to the expected values. Since all Ss achieved a 
two-consecutive perfect trial criterion, the early 
stage of learning was defined as the stage involving 
the initial trial up to 12/16 correct on a given 
trial and the later stage was defined as moving 
from 12/16 up to the first trial involving 16/16 
correct. The number of errors within each of 
these stages was tallied for each S and divided by 
the number of opportunities for errors to provide 
a common base. If an S reached the criterion of 
12/16 before the completion of a given trial, only 
the number of opportunities to that criterion within 
the trial was counted in the total opportunities. 
For the AB condition, the mean proportions and 
standard deviations for the four cells of the inter- 
action in the early stage for low- and high-drive 5s, 
respectively, were .3431, .0753 and .3681, .0648 
vs. .2368, .2681 and .1034, .0243 for the late stage. 
Thus, low drive was superior early and high drive 
superior late, as expected. The interaction effect 
as analyzed by a 2(Drive Level) X 2(Stage of 
Learning—a within-S factor) factorial analysis of 
variance achieved marginal significance, F (1, 22) 


= 3.53, p < 07. 
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With respect to the second prediction that high- 
drive Ss should be superior to low-drive Ss through- 
out stages of learning on the easy SR task, the 
analysis on errors to the base of opportunities 
failed to support the prediction. It can be noted, 
„however, that the aforementioned perseverative 
and erratic error pattern of the two Ss in the 
low-drive SR. condition operates against this pre- 
diction, using a base of opportunities measure. 
To evaluate this prediction in another way, within 
each of the high- and low-drive groups the median 
trial to the last error trial was determined for 
each S, except the two atypical Ss in the low-drive 
condition, and the mean errors prior to (early 
stages) and following (late stages) the median trial 
were determined. The means for the early stage 
were 9.75 (high drive, » — 12) vs. 12.2 (low drive, 
n — 10), and 4.5 for both levels of drive in the 
late stage. In view of the fact that the correct 
response rate per trial is near asymptotic level in 
the late stages of learning in this easy task, the 
above results may be viewed as generally in support 
of the prediction. 

Thus, the present results indicate that level of 
motivation interacts with task complexity in VD 
learning in a manner similar to that observed in 
PA and serial-learning tasks. On an easy VD 
task (SR), where the same item was correct in 
- two pairs, a high level of drive enhanced per- 
formance in comparison with a low-drive group. 
On a more complex task (AB), where an item 
was correct in one pair and its close associate 
incorrect in another, a high level of drive led to 
a decrement in performance as compared to the 
low-drive group. 

It should be noted that the control list of un- 
related items was included in the present study 
primarily to confirm the previously reported facili- 
tative and interfering effects of the SR and AB 
lists, respectively. However, it might be reasoned 
that high-D Ss should have demonstrated superior 
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performance to low-D Ss on the C list 
differential frequency accrual hypothesi 
that R items accrue frequency more ra; 
W items. While this may be true an 
effect was not observed, it is conceivabl: 
relatively easy nature of a simple two- 
cognition learning task such as VD may 
insensitive to the drive manipulations, 
list manipulations significantly increase : 
list difficulty beyond that of a contro! | 
related items. 
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)F POSTSTIMULUS STUDY TIME ON RECOGNITION OF PICTURES! 


GEORGE E. WEAVER? 
Florida State University 


plex color photographs served as stimuli in an investigation of visual 
'z;nition memory. Increases in both stimulus duration (1 or 3 sec.) and 
the unfilled (dark) interstimulus interyal (2 or 6 sec.) led to improved 
formance in a two-alternative forced-choice recognition test. The superior- 
of recognition associated with increases in interstimulus interval duration 
gest that, even for complex visual stimuli, poststimulus processing is im- 


Journal of E: wal Psychology 
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EFFE 
tant for subsequent retention. 

The pre cport provides evidence regarding 
the role of ; mulus processing time in the recog- 
nition of s of complex color photographs. 
While the tunity for rehearsal facilitates re- 
tention of yer al information (e.g., Aaronson, 1967; 
Rundus, 1 Shaffer and Shiffrin (1972) have 
reported th reased time for poststimulus proc- 
essing has r no effect on recognition memory 
for picture e data from the latter study are in 
agreement ı the suggestion made by Haber 
(1970) tha: znition memory for complex pictures 
does not r à process analogous in function to 
the rehears«, . verbal information, Instead, Haber 
as well r and Shiffrin argue that picture 


recognitio: 1 on processing which occurs only 
while the st s in view. The present experi- 
Ment was «i attempt to determine whether, under 
different te. ; procedures and with different stimu- 
lus materiais. an effect of poststimulus study time 


9n picture recognition could be demonstrated. 

As a first step pictorial materials were selected in 
Such a way as to minimize the potential use of 
verbal enco ng or labels as a basis for correct 
recognition, Specifically, highly similar pictures 
were emplc both in the sequence of study pictures 


and in the stimuli employed as test-item distractors. 
i was also hoped that the use of high similarity in 
the picture materials would reduce the potential 
Problem of ceiling effects since many studies (e.g. 
Haber, .1970) have reported essentially perfect 
recognition for certain pictorial materials. 
major interest was the effect on recognition 
performance of two temporal aspects of the study 
trial: duration of the stimulus presentation interval 
(onset to offset) and duration of the interstimulus 
pora (offset to onset). Two levels of each of 
, ise variables were orthogonally combined in the 
initial presentation of the picture stimuli. While 
‘everal studies (e.g., Potter & Levy, 1969; Shaffer 
Shiffrin, 1972) have shown that recognition ac- 
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curacy increases as a function of stimulus exposure - 
time, the effect of variations in interstimulus interval _ 
bears directly on the contribution of poststimulus - 
processing to the retention of pictorial information. 
A previous study in which interstimulus interval was 
varied, that reported by Shaffer and Shiffrin, failed 
to obtain any increase in recognition level for pic- 
tures as the interval between pictures was increased, 
However, in that study five levels of stimulus dura- 
tion and three levels of interstimulus duration were 
factorially combined in a within-Ss design. The 
possibility that such a design may discourage the 
development of a consistent processing or "re- 
hearsal" strategy led to the adoption of a between-.Ss 
design in the present study. Thus, stimulus duration 
and interstimulus interval were constant across all 
stimuli for any given S. 

Method. Stimuli for the study consisted of sets 
of highly similar 35-mm. color photographs. For 
example, one set of stimuli involved photographs | 
taken along an ocean beach, the only major varia- 
tion between the pictures being the differences in 
the pattern of waves breaking against the shore. 
There were eight such categories employed: pictures 
of two-story brown houses, mountain vistas, sunsets, 
various perspective views of the same city skyline, 
beach scenes, forest scenes, views of the Grand 
Canyon, and successive views of the same tree- 
lined boulevard. From a pool of pictures from each 
category a total of seven were selected for use in the 
presentation and test phases of the study. é 

For each of the eight categories, the three pairs 
of pictures that involved the highest degree of intra- 
pair similarity served as test pairs in the two- 
alternative forced-choice recognition test. The 
specific pairings were based on initial judgments by 
E with final pairings determined by results from 
pilot data. One member of each pair was then ran- 
domly designated as the old item and was presented 
for study; the other member served as the distractor 
item. The seventh item from each category served 
asa filler in the presentation sequence and was never 
tested. 

The arrangement of slides in the 32-stimulus 
presentation sequence was such that 1 critical 
(tested) picture from each category occurred in the 
first 8, middle 8, and final 8 presentation positions. 
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In addition to the 24 critical items, the remaining 
8 filler pictures (1 from each category) were assigned 
to Positions 9-12 and 21-24. By appropriate 
counterbalancing across three randomized presenta- 
tion orders, each critical stimulus appeared once in 
each of the three presentation blocks. For each 
presentation order one of three different test-item 
arrangements was used such that the first 8 test 
pairs were based on either the first, middle, or final 
8 presentation positions. Test Pairs 9-24 were 
based on a random arrangement of the remaining 
16 presentation items. The nine combinations of 
presentation and test orders were used equally 
often in each of the four experimental treatment 
conditions. 

The Ss participated in groups of three or fewer 
and received a description of the stimulus materials 
as well as a short series of practice pictures to 
familiarize themselves with the requirements of the 
recognition test. No indication was given that the 
interstimulus interval should. be used for study or 
rehearsal of the preceding picture. The stimulus 
materials were then presented in the center of a 

. 15-m. X 3-m. projection screen by means of a 
timer-controlled Carousel slide projector. The two 
values of stimulus duration were 1 and 3 sec. 
Opaque slides were used to maintain a dark screen 
throughout the interstimulus interval, which was 
either 2 or 6 sec. 

Following completion of the presentation se- 
quence, Ss were shown a series of 24 test pairs. 
The test pictures were presented side by side, and 
Ss were instructed to press one of two switches to 
indicate which picture they had seen previously. 
Correctness of choice and response time were re- 
corded by E prior to presentation of the next test 
pair. For each of the three test orders, the old 
picture was to the left for half of the pairs and to 
the right for the remaining half. 

A total of 108 paid undergraduate volunteers at 
the University of Minnesota served in the experi- 
ment. One male and 2 females were assigned to 
each of the nine combinations of presentation and 
test orders, resulting in a total of 27 Ss in each of 
the four treatment conditions defined by the factorial 
combination of the two levels of stimulus and inter- 
stimulus interval. 

Results and discussion. The means and standard 
deviations of the total number of correct recognitions 


TABLE 1 


MEANS AND STANDARD DEVIATIONS OF THE NUMBER OF Con- 
RECT RECOGNITIONS AS A FUNCTION OF STIMULUS AND 
INTERSTIMULUS INTERVALS 


Interstimulus interval (sec.) 
Stimulus interval 


sec., 
2.0 6.0 
1,0 
M 15.37 16.78 
SD 2.48 2.55 
3.0 
M 16.93 18.48 
SD 2.4: 2.36 
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TABLE 2 
MEAN CORRECT RECOGNITIONS FOR THE T UCCESSIVE © 
Brocks or Eicut Test Pairs AS A Fi OF THE 


PRESENTATION Locus OF THE FIR: 
Tres TESTED 


x Test pair: 
Presentation locus. 
of the first eight 
items tested 1-8 9-16 1 M 
Final 658 | 5.53 5 5.91 
Middle 5.92 5.42 5 5.52 
Initial 5.86 5.39 5 5.46 
M 6.12 5.44 5 
are presented in Table 1 for each of the ur treat- 
ment conditions. The choice of materia) and pro- 
cedures wa. apparently effective in avoi« |; ceiling 
effects since the best condition in the «periment 
gave no more than 80% correct responses. .\|though 
response latency was also recorded, these »easures 
were for the most part uninformative and \’ || not be 
considered further in this report. 

From the means in Table 1 it is clear that in- 
creases in both the duration of the stimulus and of 
the interstimulus interval resulted in super >r recog- | 
nition performance. Analysis of variance 'ased on 
the factorial combination of stimulus curation, 
interstimulus interval duration, input locus of the 
first eight test items, and test trial block (he final 
variable being a within-Ss comparison) indicated 
that the main effects of stimulus duration, ^ (1, 96) 
711.90, and interstimulus interval duration, F (1, 
96) = 9.83, were both reliable at the .01 level. The 
magnitude of the improvement in recognition under 
the 6-sec. relative to the 2-sec. interstimulus iaterval 


was approximately the same under both levels of 
stimulus duration and the interaction of these two 
variables resulted in F <1, These data thus con- 
firm earlier findings that recognition memory for 
pictures is based partly on the length of time the 
stimulus is in view. However, they are counter to 
the hypothesis that poststimulus study time has no 
effect on recognition memory for pictures. 

Incorporated into the design of the experiment was 
an attempt to determine the effect on recognition 
performance of the presentation (input) and test 
(output) order of the stimuli. Thus for subgroups : 
of nine Ss in each of the four treatment conditions, 
Test Pairs 1-8 were based on either the final 8 
presentation items, the middle 8 presentation items 
or the initial 8 presentation items. Test Pairs 
19-24 involved a random arrangement of the re- 
maining 16 presentation items. 

The mean correct recognitions for the three sets 
of 8 test pairs, combined over all four treatment 
Conditions, are presented in Table 2 as a function 
of the presentation locus of the items tested in the 
first block of test pairs. The only statistically T€ 
liable trends in these data involved a decrease i? 
Tecognition performance across the successive blocks 
of test pairs, F (2, 192) = 13.61, p < .01, and the 
superior performance across all 24 test pairs whe? 
the first items tested came from the final rather tha? 
the initial or middle portions of the presentation 5€ 
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= 3.15, p < .05. There were no 
^s of either input or output posi- 
poral manipulations nor was the 
t and output position a reliable 
n. In short, the data indicate 
rformance decreases as a func- 
f stimulus presentations (either 
'vening between the initial presen- 
ind the recognition test for that 


t recognitions on the first eight 
some evidence of a recency effect 
ce on these items was superior 
nuli from the final portion of the 
ence relative to that for stimuli 
portions of the presentation se- 
. as a period of several minutes 
^n the final presentation item and 
this trend can not be taken as an 
eration of some sort of short-term 
Instead, it may be merely a re- 
ct of intervening stimulus presen- 
nition performance. Studies are 
hich should permit a direct assess- 
rm recognition memory with the 


resting feature of the data is the 
hat the duration of the interstimulus 
sentation of a sequence of pictures 
nent recognition of these pictures. 
Í recognition memory for pictures, 


surance that correct responding is 


encoded information. To the 
se of photographs based on highly 
matter prevents or discourages 
encoding, the present results would 
al memory is influenced by at 


1e variables known to be a deter- 
ntion for verbal material. 


On the 
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other hand, the data provide no insight into the 
nature of the processes which might underly the 
superior recognition performance found with longer 
interstimulus intervals, 

While these data are not in agreement with those 
reported by Shaffer and Shiffrin (1972), there are a 


. number of procedural aspects of the present study 


which differ from those employed by the previous. 
authors and make direct comparisons difficult. One 
possible basis for the difference in results may be the 
opportunity for adoption of a consistent processing. 
strategy provided in the present study by the be- 
tween-5s manipulation of poststimulus study time, 
On the other hand, the high level of similarity 
among pictures (both in the study and test presen- 
tations) and the use of a two-alternative forced- 
Choice recognition test may have defined a quite 
different type of memory task than that studied by. 
Shaffer and Shiffrin. In particular, processing re- 
quirements may have been considerably more de- 
manding in the present experiment. A second 
account of the differences in results from these two 
studies could thus be based on the hypothesis that 
complexity of processing demands may determine 
whether poststimulus processing time in an im- 
portant determinant of subsequent recognition 
performance. 
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EFFECTS OF INTERSTIMULUS INTERVAL LENGTH AND VARIABILITY ON HA! 
OF AUTONOMIC COMPONENTS OF THE ORIENTING RESPONSE * 


ROBERT J. GATCHEL 


University of Texas at Arlinglon 


The effects of interstimulus interval (ISI) length and variability on habitua- 
tion of heart rate and electrodermal components of the orienting response 
were investigated in an experiment employing 56 5s, Results indicated that 


shorter ISI lengths were associated with 


skin conductance responses. The ISI variability was not found to significantly 
affect habituation. In the statistical analysis of these data, two commonly 
used skin conductance transformation measures were compared and found to 


yield comparable results. 


It has been demonstrated that shorter inter- 
stimulus interval (ISI) lengths are associated with 
increased relative habituation of the skin con- 
ductance component of the orienting response (OR) 
(cf. Graham, 1973). However, it is not as clear 
that heart rate (HR) habituation is similarly af- 
fected. Some studies of habituation have com- 
pared very short ISIs with longer ISIs (cf. Graham, 
1973). The short intervals used in these studies, 
though, may have been too brief to allow com- 
plete development of the cardiac response to one 
stimulus before the succeeding stimulus was pre- 
sented. The present experiment was designed to 
avoid this response interference, while comparing 
electrodermal and cardiac rate habituation across 
a range of ISI lengths. 

The present experiment also investigated the 
effects of ISI length variability on OR habituation. 
According to Sokolov's (1963) theoretical con- 
ceptualization of the OR and habituation process, 
high stimulus sequence variability would be ex- 
pected to produce a slower rate of habituation 
relative to less variable conditions. Past research 
which attempted to test this hypothesis compared 
a variable ISI with a fixed ISI. However, as 
Graham (1973) notes, “. . . presenting an uncon- 
ditioned stimulus at fixed intervals is the basic 
paradigm for producing temporal conditioning and, 
if temporal conditioning occurs with simple sensory 
stimuli, this would imply increased responding, in 
short, the opposite of habituation [p. 187]." 
Comparing a fixed interval to a variable interval 
would therefore not be an appropriate test of 
Sokolov's hypothesis because of the possibility of 
introducing a temporal conditioning factor. In 
order to circumvent this possibility, the present 
study examined the effects of low-variable and 
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UATION 


PETER J. LANG? 


University of Wisconsin—M adi 


greater habituation of heart rate and 


high-variable ISI lengths on skin conc tance re- 
sponse (SCR) and HR habituation. 

The final objective of this study was 
two SCR transformation measures. \ 
Coles (1966) argue that a change in | 
ance measure should always be used, 
a commonly used log of conductance « 
sure, because the former is a more 
meaningful transformation. The pres: 
ment compared the two measures i: 
determine whether they yield statistic 
results. 

Method. The Ss consisted of 56 male |i 
graduates from the introductory psycholoxzy 5 pool ] 
at the University of Wisconsin. The H and skin 
resistance were continuously recorded tiroughoul 
the experiment on a Beckman Type 700 cy nograph: 
Miniature Beckman silver-silver chloride electrodes ff 
were attached to the skin over the anterolateral) 
lower ribs to record HR. Bipolar recording of 
skin resistance was accomplished by attaching f 
zinc-zinc sulphate electrodes (1-cm. radius; Fels} 
Research Co. Yellow Springs, Ohio) to palmar 
sites of the nonpreferred hand. A Beckman GSR 
Coupler Type 9842 imposed a current of 20 pa: 
through the two electrodes, The outputs from the 
HR and skin resistance amplifiers were process 
on-line by a LINC-8 Digital Equipment Corp. 
laboratory computer. The HR data were reduce 
by measuring the time between successive R- 
intervals in milliseconds. Subsequently, thes?” 
LINC-8 processed- cardiac data were transferred 
toa computer tape format compatible to a UNIVAC 
1108 computer. An HR program was then Use 
to reduce this cardiac data into average rate pen 
second, each beat being weighted by the proportio 
of a second that it took up, for later statistic d 
analysis on the same 1108. The voltage output. 
from the skin resistance coupler was played throug? | 
an A. R, Vetter Co. FM recording adaptor which 
linearly transformed the voltage to a frequen" 
signal. The LINC-8 summed the frequencies over 
sec. intervals. The frequency counts were later 
transformed to resistance measured in ohms, 4" 


compare. 
agu and 
conduct- 1 
ver than 
nge mea- f 
logically 


then also < d to the following SCR scores: 


(a) log of c ice change: logio( [ (1/Rs —1/R;) 
X 105] + 1 change in log conductance; 
logw(1/R: 1/Ri), where Ri is a 2-sec. 
prestimulu e average and R3 is the j-sec. 
of maximu tion within 9 sec. of tone onset. 
A range « of each phasic response was 
then mad: VSCRza. These transformed 
Scores wer ed on computer cards for sta- 
tistical ana the 1108. 

The audi mulus was a 2-sec. 65-db. 700-Hz. 
tone ampli a Sherwood Model S-9500 am- 
plifier with "sec. rise time, determined by a 
ramp-cont: ronie switch and played through 
à twin pai tah speakers. The ISI lengths 
were timed who manually pushed a button 
which trig the LINC-8 2 sec. before tone 
onset, 

The Sw ted in a comfortable chair in a 
partially so: f room. He was instructed to 
sit quietly, not fall asleep, while presented a 
tone from a í speakers located in front of him. 
Electrodes ttached and after a 15-min. rest 
period the < l: were presented. Each S received 
20 tones were four independent groups 
(14 Ss per differing in ISI length. Group 1 
fee to ry 15, 20, or 25 sec. with a mean 

I length ! sec, over the 20 trials. Group 2 
Bu to ry 50, 60, or 70 sec. with a mean 
ne of 60 sec Group 3 received tones every 90, 
i onu sc. with a mean ISI of 100 sec. Group 
a 5 igh-v: ;able ISI group, received tones every 
il » or 100 sec. with a mean ISI of 60 sec. For 

groups tic sequences of ISI lengths were ran- 
domly determined, 
ae oth SCR transformation measures— 
Brem gue t > change and change in log con- 

ETA y ied comparable statistical results in 
AN n. ar s of variance performed on these 
1 € significance levels attained by the main 


3 g 
boa interaction effect F values were the same for 
eae Therefore, for purposes of brevity, 

Th ug only the former measure are reported. 
ae CR data were analyzed by a one between-5s 
a and one within-Ss (trials) analysis of 
F EB This analysis indicated significant group, 
S Deoa Z802, P «.001; trials, F (19, 988) 
=215 | P < .001; and Group X Trials, F (57, 988) 
TENE pt < 005, effects. These results suggest 
Jer habituation is occurring over trials and dif- 

ntially between groups. Figure 1 plots the 


cui S 
ives for groups over trials. These curves are 


Rn as moving averages of three in order to 
5 ce the amount of variation from one trial to 

Tapid habi This figure demonstrates that more 
I habituation is associated with the shorter 
-length groups. 

of Ten on results of previous studies, a number 

overall ned contrasts were performed on pairs of 

low.y,.9'0up means. With reference to the three 
y. variable ISI groups, Group 3 was significantly 
erent from Group 1, F (1, 52) = 14.36, p < .001, 


And from = 025. 
Eu Group 2, F (1, 52) = 562, $ € - 


was not significantly different from 
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1 —— 20 SEC. isi 
2 —-— 60 SEC. Isi 
== 100 SEC. ISI 


SKIN. CONDUCTANCE RESPONSE 
isti 


V3 3-5 5-7 7-9 9-11 11-13 13-15 15-17 17-19 
TRIALS 


FIGURE 1. 
ductance responses, plotted as moving averages of three, 


Group 2, F (1, 52) = 2.02, p < .20. These results 
further attest to the fact that greater habituation 
was evidenced by the shorter ISI groups. 
over, an analysis of variance for trend of the three 
group means yielded a significant linear com- 
ponent, F (1, 39) = 5.61, p < .025. The planned 
contrast between the 60-sec. low-variable ISI group. 
(Group 2) and the 60-sec, high-variable ISI group 
(Group 4) was not significant. ISI variability, 


Average range-corrected log of change in skin con- 


More- — 


therefore, does not appear to be an important | 


variable affecting SCR habituation. 

Prestimulus skin conductance levels. (SCLs) were 
also analyzed. Analysis of variance indicated no. 
significant initial SCL differences between groups 
prior to the first tone presentation, For each S, 
change scores were computed by subtracting the 
prestimulus SCL of Trial 2 from the prestimulus 
level of each subsequent trial. Analysis of variance 


of these change scores yielded significant group, - 


F (8, 52) =4.88, p «01; trial, F (17, 884) 


= 12.10, p < .001; and Group X Trials, F (51,884) — 


= 3.48, p < .001, effects. Planned contrasts per- 
formed on the overall group change-score means 
indicated that Group 3 was significantly different 


from Group 1, F (1, 52) = 11.01, p < .01, and - 


from Group 2, F (l, 52) = 6.12, p < .025. An 
analysis of variance for trend of these low-variable 
ISI group change-score means yielded a significant 
linear component, F (1, 39) = 5.03, p < .05. These 
results suggest that the longer ISI lengths are 
associated with a greater decrease in tonic SCL 
during the course of the experimental session. 

Group 4, the high-variable 60-sec. ISI group, 
was not significantly different from Group 2, the 
Jow-variable 60-sec. group. Similar to the SCR 
results, ISI variability therefore does not appear 
to significantly affect SCL decrement. 

Figure 2 presents average heart rate curves 
across Ss and trials for each experimental group. 
To facilitate comparison the curves have been 
brought to a common level at .5 sec. prior to 
stimulus onset. Analysis of variance indicated no 
significant initial heart rate base level differences 
between groups, and no significant base level 


changes over trials. 


ren redu t 


HR DIFFERENCE 
1 
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FiGURE 2. Second-by-second averages of heart rate re- 
sponse across tríals, represented as rate differences from 
Second —.5. 


A trend analysis of the data for all groups across 
the odd-numbered trials (every other trial starting 
with Trial 1) indicated significant main, F (6, 312) 
= 7.23, p «.001; quadratic, F (1, 52) = 8.73, 
p < .005; and cubic, F (1, 52) = 17.00, p < .001, 
trends across seconds. These trends confirm the 
triphasic character of the cardiac response reported 
in previous experiments from this laboratory 
-— (Gatchel & Lang, 1973). There were also main, 
— F (18, 312) = 2.91, p < .001; quadratic, F (3, 52) 

= 4.09, p < .01; cubic, F (3, 52) = 242, p < .01; 
and quartic, F (3, 52) = 4.49, p < .01, Group 
X Seconds trends which suggest that there is a 
difference in wave shape across the four experi- 
mental groups. 

Various wave-form component measures were 
- extracted from these curves and were individually 
analyzed. These were the same component mea- 
sures defined and used by Gatchel and Lang (1973). 
— The measures were found to generally parallel the 
phasic SCR data, with greater response habituation 
associated with the shorter ISI groups. The initial 
deceleratory limb (base-initial deceleration) was 
the statistically most sensitive measure. There 
was a significant Group X Trials effect, F (57, 988) 
= 1.78, p < .01, and planned contrasts of group 
= means indicated that Group 1 was significantly 

_ different from Group 2, F (1, 52) = 4.65, p < .05; 

Group 3, F (1, 52) = 6.41, p < -025; and Group 4, 
- F (1, 52) = 5.26, p < 05, ‘The ISI variability did 

not affect habituation, with no significant. dif- 
ferences found between Groups 2 and 4. 


‘The trend analysis was conducted across only odd-num- 
bered trials due to array-size limitations of the computer 
program, 
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The SCR results of 


Discussion. s present 
experiment confirm the previously re, :ed find- 
ings that shorter ISIs are associated wi: greater 
degree of habituation (cf. Graham, 19 There 
was no significant difference between ti- wo SCR 


transformation measures—log of 
change and change in log conductance 


luctance. 
ith both. 


measures yielding identical statistical r ‘ts. The 
argument by Montagu and Coles (196 aat only 
the latter transformation measure | ised is, 
therefore, not supported by these data. 

Skin conductance levels were also { 1d to be 
differentially affected by ISI length. 5 ~ter ISIs 
were associated with a smaller degr of SCL 
decrement over trials. Together with pattern 


of phasic SCR habituation across gr , these 


results are consistent with an initial v s effect 
(Wilder, 1967). That is to say, the n tenance 
of subject reactance to the stimulus (a :: ¢ phasic 
response) in the long ISI group is xoced with 
a lowered level of tonic arousal (a er skin 
conductance level). 

The HR data were found to parallel R find- 
ings. This is not surprising since both phasic 
response measures, The cardiac wave- m limb 
measure which most closely followed > SCR 
results statistically was the initial de. leration 
(base-initial deceleration). This support Graham 
and Clifton's (1966) view that initial de. ‘eration 
may be used as an index of the OR. 

The effect of ISI-length variability o: habitu- 
ation was similar for the two autonomic esponse 
measures: There was no significant diflerence in 
degree of habituation between the low variable 
60-sec. ISI group and the high-variabl- 60-sec. 
group. These findings are inconsistent with the 


hypothesis derived from Sokolov's (1963) theory 
that increasing ISI variability is associate 
a reduced rate of habituation. 
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CHANISM OF INPUT SELECTION 


IN SELECTIVE PERCEPTUAL 


PROCESSING OF THE ACCEPTED MESSAGE IN A 
DICHOTIC AUDITORY PRESENTATION ! 


RICHARD J. RINDNER* 
State University of New York College at New Palis 


! experiment is reported on selective auditory perception in which Ss had to 
dow either a familiar or an unfamiliar passage presented dichotically and tap 
‘ones randomly embedded within that passage, The group shadowing the 
"liar passage performed better on both tasks than the group shadowing 
^ unfamiliar passage. Evidence is presented for interpreting these results as 
e to a perceptual deficit, A time-sharing schema is presented for explaining 


e results, 


When .5 instructed to shadow one of two 
messages ted dichotically and identify a 
target sti embedded within each message, 
they norn eport fewer targets in the un- 
attended : than in the attended one (Treis- 
man & Ge 1967). Treisman and Geffen have 
Interpretec results as confirming Treisman's 
(1960, 19: del of selective attention. In this 
model, uve filter attenuates unattended 
informatic allows attended information to 
gain acces 1e higher order “pattern recognition 
network” N; Moray, 1969). Whether or not 
the accepte rejected messages will be perceived 
once they entered the PRN depends on the 
threshold } of the appropriate dictionary units 
(analyzers) and the strength of the incoming signal. 

Deutsch md Deutsch (1963, 1967) contest the 
above inte ation and claim that their model 


explains nan and Geffen's (1967) results 
equally well. In their model, all messages directly 
enter the PRN with equal strength and proceed 


m that on to the dictionary units which 
analyze each message before the organism is con- 
Sclously aware of perceiving the message. The 
analyzers then fire with a strength directly pro- 
Portional to the message’s importance. Since many 
analyzers fire, the messages compete for access to 
the limited perceptual side of the system. The 
competition ends with the strongest, most im- 
Portant signal gaining access to perception. 

In the present experiment, Ss were required to 
tap a table whenever a tone was heard in the at- 
tended passage. This passage was either familiar 
°r unfamiliar to Ss. Both models would predict 
that Ss shadowing the familiar passage will per- 
form better on that task than those shadowing the 
unfamiliar passage because of the differential proc- 
essing levels required for the two passages. How- 
ever, the processing level required for identical 
tones is equal regardless of the passage in which 
are embedded. Since the Deutsches claim 


vale author is i ie C. Martorano for her 
i giuable assistance puc of the experiment and 
teats R. D'Amato and Mark A. Sherman for their critical 
f dut Y reprints sh t to Richard J. Rindner, 
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94 Metropolitan Oval, Bronx, New York 10462. 


that all messages are analyzed, their model would ` 
hold that all Ss would perform equally well in . 


identifying the target tones if this aspect of the — 


task situation is of equal importance for both 
groups. Treisman’s (1960, 1964) model, on the 
other hand, does not pose as definite a hypothesis: 
It is possible that there would be differing response 
levels due to a perceptual difference; why this 
might be is unclear. The purpose of this experi- 
ment, then, is to shed more light on the process 
of selective perception. 

Method. The Ss were 62 naive undergraduate 
students who had volunteered for the experiment. 
Half of the Ss were randomly assigned to the 
group attending to the familiar passage (Group 1), 
while the remaining Ss were assigned to the group 
attending to the unfamiliar passage (Group 11). 


The familiar passage was Abraham Lincoln's . 


Gettysburg Address. The unfamiliar passage came 
from Abraham Kaplan's (1964) The Conduct of 
Inquiry. Both passages contained 267 words. The 
familiar passage was recorded by a male voice on 


one track of a stereo sound-on-sound tape recorder, - 


utilizing a microammeter to maintain a constant 
intensity. The passage was read as regularly and 
monotonously as possible at a rate of 150 words/ 
min. so that it took 1.75 min. to record the pas- 
sage. The unfamiliar passage was recorded by 
the same person on the other track of the tape 
recorder in the same manner. Ki 

The target stimulus within the familiar passage 
was a tone briefly (.4 sec.) hummed by the same 
male voice that recited the passage. It was moni- 
tored on a microammeter to keep its intensity the 
same as that of the passage and recorded on a 
second tape recorder, Seventeen tones were ran- 
domly recorded over a time span of 1.75 min. and 
then embedded in the passage. The target stimuli 
within the unfamiliar passage were 17 randomized 
tones produced in the same manner as for the 
familiar passage. The passages, along with the 
embedded tones, were presented to Ss over a set 
of Koss stereo headphones. The Ss’ responses 
were recorded by only one E. 

The Ss' task was to shadow one of two passages 
presented dichotically and to tap a table with a 
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pencil whenever a tone was heard within that 
passage. The Ss were encouraged to guess when- 
ever they were not sure of a word. Before begin- 
‘ning the experimental session, each S had to attain 
a perfect score on four practice examples. The 
examples were repeated until competence was 
achieved (E provided no feedback). The number 
of repetitions necessary was never less than two 
nor more than four, Each S went through the 
“instructional and experimental sessions individually 
with E. In the testing session, the ear in which 
both groups heard their passages was randomized. 

Results. 'Table 1 presents the mean percentage 
of words repeated erroneously and the mean per- 
centage of tones correctly tapped for both the 
familiar and unfamiliar passages. It can be seen 
that significantly more words were repeated in 
error for the unfamiliar passage than for the fa- 
miliar one, ¢ (60) = 5.15, p < .001. In addition, 
Ss correctly hit more of the tones in the familiar 
passage than in the unfamiliar one, £ (60) = 3.62, 
p < .001. It can also be noted that although Ss 
Shadowing the familiar passage made fewer mis- 
takes in performance than Ss shadowing the un- 
familiar passage, they correctly identified a higher 
percentage of tones (r — —.66). 

Discussion. The group whose task was to shadow 
and tap at the tones for an unfamiliar passage 
(Group II) performed more poorly than the group 
with the same task performed on a familiar passage 
(Group I). It seems unlikely that Group II’s 
response deficit could be explained as a decrement 
in the tonal memory trace because, on the one 
hand, the required response was neither delayed 
nor based upon a memory function; and, on the 
other hand, the fact that both groups performed 
the same tasks would mean that any memory loss 
for one group would be balanced by a comparable 
‘loss in the other. 

A second possible explanation is that because all 
message inputs are fully recognized by the ana- 
lyzers, as claimed by the Deutsches, they must 
compete for access to the limited response side of 
the system. Previous research has determined, 
however, that all Messages are mot recognized 
(Moray & Fee, 1970). It should be noted that 
this experiment adds to that evidence since both 
groups would have responded equally well to the 
tones had they been fully recognized. Furthermore, 
in a personal communication to Moray (1969), 
the Deutsches indicate that they have not proposed 
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TABLE 1 


PERCENTAGE OF WORDS REPEATED IN ERROR FROM THE TARGET 
PASSAGE AND PERCENTAGE OF HITS 


Percentage of | Percentage of. 
words in error hits 
Groups 


M SD M SD 
I (familiar passage) 35 | 384 | 79.7 E 
Il (unfamiliar passage) | 45.8 | 3440 | 730 | S36 

$ <.001 ? «.00i 
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a response selection model but rathe: 
selection model. In the Deutsches' 
factor that determines which inputs 
selected is the relative importance of : 
to the organism. In the present « 
regardless of the fact that one grou; 
a familiar passage and the other sh 
unfamiliar one, both groups were instr: 
at the tones for the accepted passage o 
despite the fact that the importance « 
was held constant for both groups, : 
the Deutsches' model, differential res; 
were obtained. 

According to Treisman's (1960, 1% 
differing levels of perception occur at t! 
filter and at the PRN. It seems unlik« 
site of the perceptual deficit between the 
was the selective filter because of th: 
selective filter is presumed to operate. 
purpose appears to be that of attenuati: 
messages and directing the multisensor 
the various PRNs (Allport, Antonis, & 
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| to tap. 

Thus, 
e tones 
rary to 
e levels 


model, 
lective 
hat the 
groups 
ay the 
s main 
ejected 
uts to 
^nolds, 


1972). The accepted passage, along th. its 
embedded tones, would be allowed to er the f 
PRN at full strength in order that t: ippro- 


priate dictionary units be able to anal: it as 
dictated by the instructions. 

The source of the perceptual deficit, : 
must be located in the PRN. ‘Treisman 
1964) model holds that in order to fire a « 
unit, its threshold level must be low i: 
to the input's signal strength. However, : 
not appear to be the appropriate explan 
the present experiment. First, no atten: 
an accepted message by the selective filt« 
Second, there is no reason why, given same 
set of instructions, the dictionary unit used to 
analyze the tone by Group I would have a lower 
threshold than the corresponding unit used by 
Group II for analyzing the same tone. 1t would 
thus appear that the mechanism by which per- 
ceptual processing occurs is dependent on something 
other than threshold levels. 

Moray (1970) postulated that for a S to listen 
to an accepted passage while identifying a target 
stimulus in the rejected passage, a ‘‘time-sharing 
procedure is required. Perhaqs this may also 
explain how a familiar passage vs. an unfamiliar 
one could affect the differing perceptual levels. 
It is reasonable to assume that shadowing a familiar 
passage is easier to perform than shadowing an 
unfamiliar one, and indeed Group I’s performance 
was better than that of Group II. This would 
therefore free Group I’s Ss to devote much of 
their perceptual time toward locating the tones: | 
Group II’s Ss, on the other hand, would have t9 
devote a good deal more of their time to shadow- 
ing; the result would be poorer performance on the 
tonal detection aspect of the task. This would 
explain the negative correlation between the pet 
centage of words repeated in error while shadowing 
and the percentage of hits. 

The need for each dictionary unit to have ? 
“threshold level" no longer seems to exist; the ; 


refore, 
(1960, 
jonary 
lation 
is does 
on for 
tion of 
)ccurs. 
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ability for t 'ective filter to attenuate signals 


does not ar: to be necessary.  Treisman's 
(1960, 1964 may -therefore be modified. 
Signals ent rganism through a number of 
parallel ch: nd continue to the selective 
filter. The 6 ves two functions: (a) It trans- 
mits the m inputs to the appropriate 
PRNs, and rretunes" the PRN to receive 
certain infor Pretuning is accomplished by 
the same th iat Treisman assumed to cause 


threshold levels to fluctuate. 
s that enter the PRN have the 


the dictiona 
All of those 


ability to be ived. Whether or not they are 
depends on ount of time used in analyzing 
the first sign ny time left over is then made 
available for ond signal, and so on. 
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THE RECALL OF LINGUISTIC IDEAS* 


RICHARD A. GRIGGS* 


Indiana University 


Bransford and Franks procedure of 1971 for studying the abstraction of 
suistic ideas was employed in a sentence memory task but with a recall 
t substituted for the usual recognition test. Following the recall test, oH 
e asked to produce the complex ideas that could be created from the us at 
‘ated acquisition sentences. Results of both tests supported Brans ‘ord and 

1 anks' argument for the construction of more “‘wholistic semantic structures. 


Recent studies by Bransford and Franks (1971, 
1973) indicate that Ss in a sentence memory task 
do not simply retain the sentences verbatim. When 
Presented a set of semantically related sentences, 
Ss integrate th: information communicated by the 


Set of sentences to construct a more “wholistic 
Semantic structure.” Such a structure contains 
More information than any individual input 
Sentence, 

The semantic structures investigated in Bransford 
and Franks (1971) were ideas underlying complex 
embedded sentences; for example, “The rock which 
rolled down the mountain crushed the tiny hut 
X. the edge of the woods." Each complete idea 
 Teferred to as a four since it can be broken down 
nto four basic propositions; in this case, “the rock. 
lled down the mountain,” “the rock crushed the 
but,” “the hut was tiny," and "the hut was at 
ie edge of the woods." "These basic propositions 
nes) can be combined to form combinations of 


! This tesear " graduate 
ch was done while the author was a 
Jd ^nt at Indiana Universite and was supported in Darr ak 
esile “Plic Health Service Grant PHS BOUT) tein 
rasis the author would like to thank Barbara “Rhodes 
t valua. Si Tunning the experiment and Ramona Rhode: 
t Rauable assistance in the preparation of this Griggs, 
ho {, Wests for reprints should be sent to Richard A. ity of 
lorida "QW, at the Department of Psychology. University 
a Gainesville, Florida 32601. 


hree propositions (twos and threes). The 
ers es of 2m pu threes, and the four is referred 

i t. 
SK dioe in Bransford and Franks 
(1971) four such idea sets were used. In general, 
the Bransford and Franks paradigm consists of an 
acquisition phase followed by a recognition Mai 
During acquisition Ss are never presented with 


sentences expressing the complete ideas but only g 


i two twos, and two threes from each 
MS t. VAR decal legraing: task is employed 
during acquisition and Ss are not told about a 
recognition test that is given later. M 

On the recognition test Ss are presented wit 
another set of sentences and are asked to indicate 
which of the sentences they actually heard before 
and which ones they did not. Test sentences are 
of three general types—olds, sentences. actually 
presented in acquisition; mews, sentences in one of 
the four idea sets but not presented in acquisition; 
and noncases, sentences containing information 
present in the four idea sets but not derivable 
from one of the complete ideas, eg. a sentence 
created by combining across idea sets rather than 

ithin an idea set. 
xe general findings of Bransford and Franks 
(1971) are (a) Ss were very accurate in recognizing 


" 


TUTTA 


Xe 


Il. 
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moncases as not having been presented; (b) Ss were 
unable to differentiate olds from news; and (c) 
recognition was found to be a positive linear func- 
tion of sentence complexity (number of basic 
propositions contained in a sentence), i.e., recogni- 
tion reflected the degree to which a test sentence 
= exhausted the complete idea involved. Fours, even 
| though not presented in acquisition, received the 
highest recognition ratings. Recognition ratings 
were ordered fours > threes > twos > ones. 

Bransford and Franks took these results to mean 
that Ss did not store individual sentences but 
rather integrated the information given in the 
individual sentences for each idea set to construct 
wholistic semantic ideas and stored these complete 
ideas in memory. Thus, later recognition responses 
were a function of these wholistic ideas and not 
j of memory for particular sentences that had oc- 
- curred in acquisition. Olds and news were both 

recognized but not differentiated from each other 

because both are derivable from the complete ideas. 
$ Noncases were rejected because they were incon- 
| sistent with the complete ideas. 

The present study investigated the Bransford 
and Franks procedure using a free-recall test in- 
stead of a recognition test. Bransford and Franks 
(1973) reported some unpublished results utilizing 

- free recall. The acquisition procedure and idea 
sets were identical to those used in Experiment I 

- of Bransford and Franks (1971). Following ac- 

quisition, Ss were instructed to recall the exact 

sentences that had been présented in the acquisi- 
_ tion phase. The recall results obtained by Brans- 

ford and Franks are given in Table 1. 

Tn The Ss recalled few moncases. Average recall was 
11 sentences, 55% old and 45% mew. Bransford 
and Franks (1973) claim that these "results show 
that Ss did not simply store individual acquisition 
sentences but instead based their recall on more 
integrated semantic structures. If Ss had not 
integrated information, they should not have re- 
called any FOURS or novel THREES [p. 231." 

An interesting question arises. If Ss do store 
such wholistic semantic structures at time of ac- 
quisition, then can they produce the four complex 
ideas if asked to do so? The present study at- 
tempted to answer this question as well as provide 


TABLE 1 


NUMBER OF Olds AND News RECALLED FOR EAcH 
LEVEL OF SENTENTIAL COMPLEXITY 


No. of sentences recalled 


Level of Bransford & Franks 
complexity (1973) Present study 
Old New Ola New 

Four — 11 A $ 
Three 21 15 21 i 
Two 24 18 21 16 
One 21 10 20 à 
Total 66 54 62 4l 
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a replication of the Bransford and F:: aks (1973) | 
recall results described above. 
Method. The Ss were 10 Indian: University 
undergraduates enrolled in a human | ning labo- 
ratory course. The ideas used wer: ry similar. 
to those employed by Bransford and i ks (1971). 
The four complex sentences used wi (a) “The 
rock which rolled down the mountain -ushed the 
tiny hut at the edge of the sea," (b) e barking 
dog chased the brown cat which ju d on the 
girl," (c) "The ants in the kitchen the sweet 
jelly which was on the newspaper,” (d) “The 
thunder crashing through the valic shook the 
tinkling bells in the corner." These i sets were | 


taken from Katz (1973). 

The acquisition procedure was tl: 
Experiment I of Bransford and | 
except for the following changes. ^i! 
run at the same time. There was on 
and the acquisition sentences were 


me as in 
ks (1971) 
) Ss were 
ne group 
ented in 


only one order. A mathematical co ‘ing task 
was substituted for the color-naming : The E 
held up a variable number of fingers ( 4, or 5) 
and S counted backward aloud from tiis number 


to 1. 

After the acquisition phase, Ss we 
recall the exact sentences that had bec 
in acquisition in any order they wisi dl. 


asked D 
resented 
They, 


were allowed 10 min. to recall the sente: «s. 
Following this free-recall test, the w:i':en recall 
was collected and Ss were asked to try to create 


the four complex ideas that could be : structed 
from the acquisition sentences. The Ss were told 
that the acquisition sentences could divided 
into four groups of related sentences, that each 
group of related sentences could be integrated into 
a complex idea, and that they were to try t9 
produce these four complex ideas. 
of an idea set not used in this study was provided. 
The Ss were given 10 min. to complete this task, 

Results. Two judges scored the recai! protocols 
independently. A third judge resolved all dis- 
agreements. Word substitutions and paraphrases 
which did not change the meaning of a sentent 
were allowed, e.g., "The rock that rolled dowi 
the hill crushed the small hut at the edge of thë 
sea." However, most of the recall was verbatim: 

The mean number of sentences recalled was 103 
(including momcases). Fifty-five percent of the 
recalled sentences were old, 3795 new, and 
noncase. The total number of olds and meus T 
called for each level of sentential complexity ® 
given in Table 1. A one-way analysis of variante 
(level of sentential complexity) performed on the 
recall of new sentences indicated a significa"! 
effect, F (3, 36) = 2.90, p < .05. :ded 

On the complete ideas recall task, Ss provide 
12 fours, 14 threes, 2 twos, no ones, and 4 noncase* 

Discussion. The recall results of the pres 
study are comparable to those described in Brans 
ford and Franks (1973) except that the recall 
new sentences was slightly lower for each level a 
sentence complexity, particularly for fours. t 
ever, a substantial number of mew sentences wh) 


= 


| 
3 
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produce« ior each level. This supports Bransford 


and F ' argument that Ss base their recall 
on "n integrated semantic structures," The 
comp! onstruction task also supports their 
argun hty-one percent of the sentences 
constr on this task were fours and threes. 

The: s are very similar to those obtained 
in a inent independent of the present study 


V 


by ' Gaul (described in Cofer, 1973). 
Bransí d Franks' type of stimulus materials 
were « ed with a recall test instead of a re- 
cogniti: t, but learning was not incidental, 
and $ v beforehand that they would be asked 
to frec il the sentences. After the free-recall 
test, G ked Ss to write sentences stating the 
four n ;»emes contained in the group of sen- 
tence: had been read to them. 

The s of both tests closely parallel those 
in th t study. Fifty-eight percent of the 
recall ences were old and most of the re- 
maini lled sentences were new ones, twos, 
and th Most of the sentences Ss wrote as the 
main ti were fours and threes. 

The ! results as well as the results of the 
compl 1s construction task in both Gaul's 

nal oj Jvberime 
aC e ERI 


DIFFERENTIAL RECALL AS A FUNCTION OF SOCIALLY INDUCED 
AROUSAL AND RETENTION INTERVAL 


KENNETH A. DEFFENBACHER, GARY J. PLATT, ann MARK A. WILLIAMS 
University of Nebraska at Omaha 


Thirty-two male undergraduates were 


tested for recall either 2 min. or 45 min. later. i 
learning was manipulated by E observing some Ss. Precisely the same form 
of Arousal X Retention Interval interaction 1 1 ; 
tained: Observed Ss recalled fewer items at 2 min. than did unobserved Ss, 4 


while this relationship was reversed at 
self-report measures of socially induced 


to possible differential amounts of arousal in 


Several investigations in the past decade have 
adduced evidence for an interaction between arousal 
level at time of learning of verbal materials and 
Tetention interval; higher arousal levels at time of 
learning facilitate recall at longer retention intervals 
relative to their effect at shorter intervals, Some 
experimenters have manipulated arousal level some- 
What indirectly by rank ordering the verbal items 
in terms of galvanic skin response (GSR) mag- 
nitudes induced (e.g, Kleinsmith & Kaplan, 1964; 
Walker & Tarte, 1963). The first of these studies 
indicated that high-arousal items were recalled less 
Well than low-arousal items at 2 min. At 2 days 
es a 


1 Requests f ints should be sent to Kenneth A. Deffen- 
bacher, Depart neene Psychology: University of Nebraska 
at Omaha, Omaha, Nebraska 68101. 


REPORTS 


study and the present study indicate that Ss in 
tegrate the related sentences into more genera 
cognitive representations. However, the form o 
such a representation is difficult to specify. Cofei 
(1973, p. 543) sums it up fairly well: <= 

The representation must in some sense be 
abstract, since it can be manifested in para- 
phrase and other kinds of productive forms, 
The notion of an abstract representation somehow 
operating through brain cells is a sobering one 
and suggests that perhaps we require much more 
information about the brain, as well as about 
memory, before further speculation is indicated, 
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given a paired-associate list and then 
Arousal level at time of 


found by Geen in 1973 was ob- 


45 min. (ps <.01). However, Geen's 
arousal did not appear to be sensitive 
these male Ss. 


the relationship was reversed due to a significant | 
improvement in recall of high-arousal items and ee 
significant decline in recall of low-arousal items. 
In four different analyses Walker and Tarte found — 
less evidence than did Kleinsmith and Kaplan of | 
high-arousal items being recalled more poorly at ^N 
2 min, and little indication of an improvement in - 
their recall over time, the curve remaining fairly 
level. Moreover, not everyone has found an inter- — 
action. In perhaps the most carefuily done of the - 
GSR studies, Corteen (1969) found significant 
facilitation of recall by arousal for short retention - 
intervals as well as longer ones. $ 
There have been two manipulations of arousal i 
which were more direct, extraneous application of 
white noise (e.g, Berlyne, Borsa, Craw, Gelman, 


^ 
4 


Mandell, 1965) and observation of S by E (Geen, 
1973). Berlyne et al. (Experiment III) found that 
"arousal induced by white noise impaired recall on 
the last training trial; a day later items learned 
with white noise were recalled just as well as the 
preceding day, while the no-white noise items were 
recalled more poorly. Geen, on the other hand, 
has demonstrated the same type of interaction be- 
- tween arousal and retention interval as have Klein- 
is smith and Kaplan (1964). Certainly, then, the 
penat studies that have manipulated arousal and 
‘retention interval are not unanimous in their find- 
-ings regarding the existence of an interaction, much 
— less the precise nature of the interaction. 
The intent of the present study is to attempt to 
- replicate the precise form of Geen's (1973) inter- 
action and to validate his self-report measures of 
` induced arousal on a sample of male Ss, inasmuch 
TED he studied only females. Only those four experi- 
| mental conditions of Geen’s study that appear to 
"account for the obtained interaction are included. 
- Method. The Ss were 32 male introductory psy- 
chology students who served in exchange for extra 
- course credit; they were randomly assigned (» = 8) 
to each of the four cells of a 2 (Observation vs. 
No Observation) X 2 (2-Min. vs. 45-Min. Reten- 
ion Interval) factorial analysis of variance design. 
"he study was conducted by a male E approxi- 
mately the same age as Ss. 
^ [n general the procedure was like that of the 


furnished with a table bearing a memory drum, a 
i It was explained that the ex- 
riment involved "single-trial learning" and S 
as informed that he would be shown a paired- 
associate (PA) list one time and then be tested 
later for recall. The $ was instructed to turn on 
the memory drum on a signal from E and to turn 
it off when the word stop appeared in the drum's 
window. When the drum was turned on, E either 
(a) stood just behind S's right shoulder as the list 
as presented or (b) sat at the desk with his back 
S and began studying some papers. 

After S turned on the memory drum 10 sec. 
elapsed before the first stimulus term appeared. The 
stimulus terms were the same six 0% associa- 
i tion value consonant-vowel-consonants used by 
. Kleinsmith and Kaplan (1964) and Geen (1973), 
randomly paired with the digits 2-7. Each syllable 
"first appeared alone for 1.5 sec, followed by the 
-syllable-digit pair for 1.5 sec., followed by a 1.5-sec. 
blank interval before the appearance of the next 
‘syllable. The word stop appeared one blank in- 
terval after the last syllable-digit pair. The E 
‘then escorted S to a waiting area and informed him 
of the time (2 or 45 min.) that he would have to 
wait; the retention interval was timed from the 
moment S was seated. The S was then given a 
short self-report form on which he was asked to 
describe his feelings on the grounds that "emotions 
sometimes have effects on learning." The form con- 
sisted of four adjective pairs ( HAPPY-SAD, EXCITED- 
CALM, RELAXED-NERVOUS, and WORRIED-CAREFREE) 
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with the words of each pair separated by - 10-cm, 
line. Each scale was marked by S at the p at that 
approximated his feelings on that dimensi ; each 
scale score was the distance in centimeters m the 
left extreme to S’s check mark. To fur: or dis- 
courage rehearsal activity during the reto on in- 
terval, Ss in all retention groups complete = very 
brief attitude survey on higher educati: Ss in 
the 45-min. condition also attempted t« e to- 
gether a jigsaw puzzle presumably as of a 
pilot study for another experiment. 

When the retention interval was comp! E led 
S back to the experimental room and : | him 
for recall with E present and observir Geen, 
1973, found that presence or absence of / time 
of testing did not affect recall). Each sy! c (in 
the same order as study trial) appeared f: ) sec, 
followed by a 3.0-sec. blank interval duri which 
S gave the digit previously paired with i After 
the test trial E queried S to discover whe r the 
experimental deceptions had been succes and 
then fully debriefed S. 

Results and discussion. No S reporte being 
aware of the true nature of the study. 

Unlike Geen (1973), none of the four sc) «port 
scales yielded significant differences betw the 
observed and unobserved Ss (Fs <1 in eac ise). 
Geen’s observed female Ss (X = 3.92 cm.) + orted 
themselves to be significantly (p<.01) more 
nervous than the unobserved females (^ 2.70 
cm.) ; both observed males (X = 5.00 cm.) »..1 un- 
observed males (X = 4.90 cm.) in the present study 
reported themselves to be more nervous than ‘icen’s 
Ss but they gave no evidence of differential arousal. 
Either the variable of observation produced in the 
present Ss differential arousal to which the self- 


report form was insensitive, or the observation 
variable did not produce differential arousal in 
these Ss. The former alternative is preferred. As 
will be documented shortly, the Observation X Re- 
tention Interval interaction obtained in the present 
study resembles the Arousal X Retention Interval 
interaction obtained not only in Geen's study, but 
also in a number of previous investigations (in all 
articles cited thus far except Corteen, 1969) where 
there was evidence for differential arousal that was 
more direct. The present experiment faithfully 
followed Geen's format for the self-report form and 
the details of its administration. However, there 
are two differences between Geen's experiment and 
the present one: sex of S and sex of E, which 
might bear on a failure to find differential arousal 
in the observed Ss. Perhaps the observed male 5s 
did not report additional amounts of arousal be- 
cause of traditional negative societal views regard- 
ing "true" expression of emotional states by males 
especially when in the presence of another male. 
In any event, different measures of socially induced 
arousal should probably be employed in future 
studies with male Ss. 

As Geen (1973) found, the only significant main 
or interaction effect in the analysis of recall scores 


was the 
tion, F 
analysis 
PA list 
nificant! 
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Forty-fi 
served 5 
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called sig 
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Of the i 
tion in qu 
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Study anc 
Sentence. 
contribute 


of interact 


ervation X Retention Interval interac- 
; = 24.03, p <.001. A simple effects 
uted that 2 min. after exposure to the 
vho had been observed recalled sig- 
: digits than those who had not been 
vs. 3.25), F (1, 28) — 9.09, p < 01. 
ites after exposure, however, the ob- 
‘led significantly more digits (2.75 
1, 28) = 15.51, p<.001. Over the 
n interval, the unobserved Ss forgot 
iount (3.25 vs. 0.62), F (1, 28) = 
Observed Ss, on the other hand, re- 
itly more at 45 min. than at 2 min. 
F (1, 28) = 4.37, p < .05. 
í an Observation X Retention In- 
m with male Ss in the present study 
cs and extends Geen's (1973) find- 
e effect, and less directly supports 
\rousal X Retention Interval interac- 
` other studies cited except Corteen's 
ent. Moreover, the precise form of 
obtained not only by Geen but also 
and Kaplan (1964) was replicated. 
itions that have found the interac- 
only those of Berlyne et al. (1965) 
id Tarte (1963) have found a form 
different from that of the present 
se studies cited in the preceding 
not yet clear just what factor(s) 
he finding by these other two studies 
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of a lack of significant improvement in reten! 
over time for the high-arousal items. 

A final comment should be made regarding pre- | 
vious studies of the Arousal X Retention pis 


memory." Such language is needlessly confusing, — 
Use of 2-min. and longer retention intervals do 
not allow one to speak of differences between shoi 
term and long-term memory traces, at least in term: 
of what most psychologists currently accept as the — 
upper limits of the short-term trace (Deffenbacher 
& Brown, 1973). H- 


REFERENCES 


Berlyne, D., Borsa, D., Craw, M., Gelman, R., & Mandell, E, 
Effects of stimulus complexity and induced arousal on paired- . 
associate learning. Journal of Verbal Learning and Verbal. 

Behavior, 1965, 4, 291-299. E. 

Corteen, R. Skin conductance changes and word recall. — 
British Journal of Psychology, 1969, 60, 81-84. x 

Deffenbacher, K., & Brown, E. Memory and cognition: An - 
information processing model of man. Theory and Decision, b 
1973, 4 (2), 141-178. map 

Geen, R. Effects of being observed on short- and long-term — 
recall. Journal of Experimental Psychology, 1973, 100, — 
395-398. 

Kleinsmith, L., & Kaplan, S. Interaction of arousal and recal 

interval in nonsense syllable paired-associate learning. 

Journal of Experimental Psychology, 1964, 67, 124-126, 

Walker, E., & Tarte, R, Memory storage as a function of — 
time with homogeneous and heterogeneous lists. Journal of — 
Verbal Learning and Verbal Behavior, 1963, 2, 113-119, 


(Received January 9, 1974) 


- Journal. o] began Psychology 
1974, Vol. 103, No. 4, 812-814 


POSITIVE RECENCY IN FINAL FREE RECALL * 
GREGORY F. MAZURYK * 
University of Toronto, Toronto, Ontario, Canada 


Recent studies suggest that the negative recency effect in final free recall isa 


function of the type rather than the amount of rehearsal given to terminal 


list items. From such findings it was predicted that by varying the type of 
rehearsal, positive recency in final free recall could be obtained. Subjects were 
presented with 14-item lists, and in all cases the first 10 items of each list were 
silently learned. During the presentation of the tenth item, Ss were given one 
of three cues to indicate the method by which the last 4 items were to be 
studied. These methods were overt rehearsal, silent study, and generating 


verbal associations for each of the 4 terminal list items. 


In agreement with 


* earlier studies, results indicate a positive recency in final free recall for asso- 


ciated items, 


_ The negative recency effect in final free recall 
(Craik, 1970) has been interpreted as the result of 
differential amounts of rehearsal on different seg- 
, ments of a test list. Late input items were least 
- well recalled in final free recall, since these items 
- received the fewest rehearsals (Cohen, 1970). How- 
ever, more recent studies (Craik & Watkins, 1973; 
Mazuryk & Lockhart, 1974) suggest that the overt 
or covert rehearsal of items may serve the function 
of merely maintaining information about recency 
items at peripheral levels of processing. Once 
attention has been diverted from this function, the 
- information decays at a rate dependent on the depth 
of processing (Craik & Lockhart, 1972). 
Several recent studies have attempted to dis- 
tinguish type from amount of rehearsal. In one 
study (Craik & Watkins, 1973), Ss were presented 
with lists of items to be overtly rehearsed followed 
either by an immediate free recall or by a 20-sec. 
delay interval prior to recall. During this delay, 
Ss were encouraged to overtly rehearse only the 
last four items of the just-presented list. Final 
- free recall for both conditions was identical despite 
the finding that the amount of rehearsal for the 
. last four items in the delay condition increased sub- 
stantially. The authors concluded that the nega- 
tive recency effect is not due to fewer rehearsals 
- given to terminal items but rather that it is the type 
of rehearsal which determines long-term retention. 
Similar findings were reported by Mazuryk and 
Lockhart (1974), but in this case the type of re- 
_hearsal was manipulated. Subjects were presented 
with five-item lists at various rates. Prior to the 
presentation of each list, Ss were told how to process 
the items. They were instructed to either (a) 
overtly rehearse the five-item list, (5) silently learn 


1 The author would like to express his appreciation to F. I. 
Craik and R. S. Lockhart for their aid in all Speo this 
study SES As qu readings of E. cem of the manu- 
script. is research was supported by Grant No. AQ. 
the National Research Council of Canada to R. S, PME: 
and a National Research Council Scholarship to the author. 
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the list, (c) overtly generate as man nes as 
possible for each item on the list, or »vertly 
generate as many verbal associates as | ble for 
each item on the list. Immediate free re :howed 
substantial recall superiority for overtly | "d cov: 
ertly learned lists over associated items, b in final 
free recall the reverse was found. It was. ncluded | 
that further processing to deeper levels « alysis, 
while nonoptimal for immediate recall, 1. :lted in 
superior long-term retention of those iter 

In the present experiment, an attempt s made 
to manipulate processing of terminal list it The 
general procedure was to have Ss learn :'- last 4 
items of a 14-item list by one of three n:cuns: (a) 
overt rehearsal, (b) silent learning, and (<) overt 
generation of verbal associates. This design was 
chosen to approximate, as closely as possihic, a free 


recall procedure, and yet permit differentia! encod- 
ing of terminal list items. It was predicied that 
items for which associates had been generated wouk 
be processed more deeply and that the eflect of this 
type of rehearsal would be reflected in better final 
free recall performance. 

Method. From a basic pool of 700 common nouns 
of three to five letters in length, 196 items Were 
randomly selected to form 14 14-item lists. e 
Jast 4 items of each list were typed in capital letters 
while the first 10 appeared in lowercase print. Three 
replications were generated, each consisting of 2 
initial practice lists, followed by 12 test lists. Each 
S took part in only one replication. Lists were 
videotaped and presented to Ss at the rate of 1 item, 
3 sec via closed-circuit TV. 

Twenty-four Ss were tested in groups of 1-4 
During the latter portion of the presentation of the 
tenth item of a list, Ss were cued, by the presence 
or absence of tones, as to the method by which the 
last 4 items of the list were to be learned. Subjects 
heard either (a) a high tone (4,000 Hz.), (b) a low 
tone (400 Hz.), or (c) no tone. Previous exposure 
prior to the practice lists, insured correct discrimina- 
tion between the two tones. 

The high tone was the cue to begin overtly re- 
hearsing, as many times as possible, each of fe 
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J last 4 it 
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currently 
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of the list 
Each « 
times wit 
12 condit 
but bala: 
each occi 
Follow 
list was : 
for free | 
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they appeared on the TV screen. 
ructed to rehearse only the item 
screen. The low tone instructed 
nany verbal associates as possible 
t appeared on the screen. If no 
iring the presentation of the tenth 
d to silently learn the last 4 items 


ree conditions was repeated four 
| replication. The order of these 
ntations was randomly determined 
»s the three replications so that 
e at each ordinal position. 
presentation of the last item of a 
{ asterisks which served as the cue 
Immediate free recall was con- 
nstruction to write down the last 
ul. After the recall of the last list, 
recall, in any order, as many items 
all of the preceding lists. 
scussion, Figure 1 shows the im- 
ill serial position curves for the 
mditions. As depicted, recall from 
itions, across all 14 serial positions, 
ntly, F (2, 42) = 17.59, p < .01. 
ilent condition tended to be better 
cms from the other conditions, Also 
the serial position main effect, F 
i, p < .01. Partitioned serial posi- 
idicated, for the first 10 serial posi- 


int condition, F (2, 42) = 891, p < 


position, F (9, 189) = 29.73, p < .01, 
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main effects. For the last 4 serial positions, tl 
main effects of condition, F (2, 42) = 18.63, p < .01, 
and serial position, F (3, 63) = 9.14, p < .01, were 
significant. The Condition X Serial Position inter- - 
action was also significant, F (6, 126) = 451, p < - 
.01. As Figure 1 indicates, the overt and silent con: 
dition recall remained high and relatively constant. 


hà 


over the last 4 serial positions, while the associate 
condition items were less well recalled for all but the — 
last serial position. ES 

One finding that should be noted is the decrease 


in immediate recall of items immediately prior 

and including the tenth item; an effect carried over 
to final recall. This finding is interesting in that it 
resembles a negative recency effect, but occurrs in 
the middle of the list. One account for this decline, — 
relevant to the design of the experiment, may be - 
that Ss began to anticipate or prepare for the - 
approaching instruction cue. This anticipation — 
may have disrupted ongoing processing while oth: 
information, pertaining to the cuing instruction, 
(e.g., which tone for which instruction), was being 

in preparation for the actual cuing. 

Final free recall results are shown on Figure 2. 
‘Across all serial positions, the condition, F (2, 42) 
= 3.55, p < .05, and serial position, F (13, 273) 
= 9.75, p < .01, main effects were significant, as 
was the Condition X Serial Position interaction, F _ 
(26, 546) = 3.89, p < .01. As Figure 2 shows, a 
both overt and silent conditions were superior to a 
the associate condition across the first 10 serial . 


$ scs M 
positions, but inferior for the last 4 serial positions. _ 
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-With regard to the first 10 serial positions, earlier 
‘items of the list that required no overt or associate 
generation continued to show the highest recall. 
\nalysis of these scores showed significant condi- 
tion, F (2, 42) = 4.81, p < .05, and serial position, 
F (9, 189) = 12.67, p < .01, main effects. For the 
‘terminal items, recall of associated items showed a 
positive recency, while final recall from the other 
conditions displayed the usual negative recency 
effect reported in earlier studies (Craik, 1970). 
nalysis indicated that only the condition main 
‘effect was significant, F (2, 42) = 32.92, p < .01. 
dicted, processing terminal items to deeper, 
ative-semantic levels, as in the associate con- 
dition, had the effect of yielding positive recency in 
final free recall. 

As Figures 1 and 2 indicate, the immediate recall 
of associated items was inferior to the recall of 
_ items in the other conditions but, in final free recall, 
. recall of associated items was superior to the recall 


limited, in that the number of items maintained is 
inversely related to the depth to which each is 
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Ficure 2, Probability of final free recall as a function of serial position. 


processed (Craik & Lockhart, 1972). To » 
immediate recall, for example, a larger : 
items may be maintained at more periphe: 
of processing, resulting in good immediate r 
poor final recall (negative recency). 

In conclusion, the present data offer 
support for the notion that the negative 
effect in final free recall results from less effect 
processing rather than from reduced amount 
rehearsal. It is a qualitative, not a quantitative, 
effect. By insuring that terminal items are proces 
to sufficient depth, negative recency can be eli 
nated, although at a certain cost to immediate recall. 
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During the experimental session S was given 20 
practice trials under the +% condition. This was 
done in order to recheck S's TS duration. Each $ 
was then presented with 12 trials under the — € — 
condition and 12 trials under —50, then 21 trials . 
under each of the other seven conditions, These — 
order for each S. Each S made a total of 171 ob- ~ 
servations during a session. n 
Results. The HRs were determined for each S 


EM oe 
VISUAL MASKING BY LIGHT OFFSET: 
AN EXPERIMENT IN REPLY TO HOGBEN AND DiLOLLO 
R. JAMES HOLZWORTH ! anp MICHAEL E. DOHERTY 
Bowling Green State University 
A lighted background field was shut off (MS) at varying intervals either 
before, during, or after presentation of a grapheme (TS). A forced-choice 
procedure was used. A performance decrement was observed when MS 
occurred at TS onset, as well as during and immediately after TS. Hogben 
and DiLollo’s contention that light onset is responsible for masking in this 
paradigm was discussed. 
Holzw« :nd Doherty (1971) reported evidence 
of backwe:! visual masking by light offset. The 
hit rate ( to an alphabet of three graphemes 
(A, T, an decreased when a grapheme (TS) was 
followed the offset (MS) of a brightly lighted 
backgro: ield. This effect occurred within 60 
msec. afi "S onset. The present paper presents 
an exten: in of Holzworth and Doherty's evidence 
and arg: ith Hogben and DiLollo's (1972) con- 
tention 1»: the darkness, rather than being a dis- 
rüptive e cct per se, “... enables masking effects 


th a reinstatement of the light field 


associat 


4. Six undergraduates with normal or cor- 
rected to normal vision served as paid Ss, each S 
The apparatus and 


Serving n every condition. 
stimuli y identical in all respects with those used 
in Hol ı and Doherty (1971). Nine conditions 


y syed. Seven of these were defined by the 
Interval 1 TS onset to MS in msec.; they were 
—50, —20, —10, —.1, --TS/2, +TS, and +45. 
The two remaining were baseline conditions. In. 
one the background was not lighted at all (— €), 
and in the other it was not turned off at all (+ «). 
The +TS/2 condition had MS in the middle of the 
TS, the +TS condition had MS concurrent with 
TS offset. 

The procedure was similar in all respects to that 
reported in Experiment 2 of Holzworth and Doherty 
(1971). Each S served in one pretraining session. 
Subjects 1, 2, and 3 served in two experimental 
sessions, and due to apparatus failure, Ss 4, 5, and 
6 Served in but one. Each session lasted about 50 
min, 
The experiment was conducted in a well-lighted 
room. During the pretraining session, a TS expo- 
Sure duration was selected for each S such that HR 
in the +% condition was between .70 and ,90. 
Each S was instructed to look into the eyepiece 
with his preferred eye and to initiate the TS when 
the fixation point was clearly fixated. The 5 re- 
Sponded by pressing a key indicating not only his 
identification but also his confidence rating. Im- 
Mediate feedback was provided after each response. 
eee AE 

! Requests for reprints should be sent to R. ja ame Hole 


epartment of Psychology, Bowling Green 
Bowling Green, Ohio 43403. 


were em 


for both this study and Holzworth and Doherty's - 
(1971) Experiment 2. The decrements at +45 and — 
at +TS are consistent with the previous data. At | 
+TS/2 the TS was exposed for half its duration as | 
a white stimulus on a black field and at —.1 it was 
so exposed for the entire TS interval, but masking 
was still evidenced. The confidence judgment data 
lead to exactly the same conclusions as the HR data, 
and will not be presented. : » 

Discussion. The decrements in performance 
shown in the present study suggest that the dis + 
ruptive effects of the manipulations employed 
strong and reliable. Presenting MS aft ter TS off; 
produces a decrement in HR. Presenting the 
during TS and at the onset of TS produced a de- 
crease in HR even though the TS was thereby 
rendered a high-contrast stimulus form, at an exo 
posure duration many times that needed for perfect — 
identification performance. $ ED 

The question is whether the effective MS is light 
offset or the light onset “associated with reinstates — 
ment of the light field." There are two arguments — 
that light offset produced the interference. M. 

First, in. Holzworth and Doherty (1971), light 
onset occurred when .5 lifted his eye from the eyecup — 
or in about 5 sec, whichever came first. The Ss — 
were not under instructions to react rapidly and ^ 
typically responded quite slowly. Even had they — 
been speeding their responses, the reaction time — 
would be such that the light onset would be beyond — - 
the duration associated with backward-masking E 
phenomena. 

Second, Hogben and DiLollo (1972) presented — 
data directly supporting the hypothesis that light —— 
offset is the effective stimulus. If the reinstatement — 
of light caused the disruption, then in their Condi- " 
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= Ficure 1, Mean hit rate as a function of the interval from 

-the onset of the test stimulus to the offset of the round 

- field. (Circles represent means of 6 Ss from the present study. 

. Triangles are means of 10 Ss from Holzworth and Doherty 

_ [1971], : The TS duration is actually a subject variable ranging 

- from 20 to 30 msec., but it is represented as constant on the 
_ graph as the mean of the TS durations.) 


Bia. 
ion G (TS offset simultaneous with MS, as defined 
bove) the threshold should decrease monotonically 
‘with time until light onset. That function should 
ptote on their light-on-light control condition. 
~ The function clearly does not decrease but is flat, 
one would expect if light offset is the critical 
nt. A similar argument can be made for Hogben 
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and DiLollo's Condition E. None of th” remains- 


ing conditions present light-adapted timulus - 
events such that TS is followed by v: z times 
until light onset. The data support th tention 
that light offset can serve as an er imental 
event disrupting stimulus processing. 

Earlier investigators (Baker, 1953; ! rsby & 
Wagman, 1962 ; Crawford, 1947) had fo vidence 
of this effect of light offset, but Baker essen- 
tially dismissed it as an artifact. | n and 
DiLollo (1972), Holzworth and Dohert 1), and 
the present study allow an unequivoc: rpreta- 
tion in terms of sensitivity, which the e studies 
using classical psychophysical methodo! id not. 

REFERENCES 
Baker, H. D. The instantaneous threshold ly dark 

is ae Journal of the Optical Society of a, 1953, 

Baker, H. D. Initial stages of dark and lig! tation. 
Journal of the Optical Society of America, 196: 98-103. 
Battersby, W. S., & Wagman, Í. H. Neural | ions of 
visual excitability. IV: Spatial determina: { retro 
23S A American Journal of Phy y, 1962, 
Crawford, B. H. Visual adaptation in relation if cone 


ditioning hae Proceedings of the Royal 5 


134, A 
Hogben, J.. & DiLollo, V. Effects of duratio: vasking 
stimulus and dark interval on the detection o t disk. 
Journal of Experimental Psychology, 1972, 95, 245 } 
& Doherty, M. E. Visual mask vy light 
0. 


, R. 
offset. Perception & Psychophysies, 1971, 10, 327 


(Received January 22, 1974) 


ROLE OF TEMPORAL CONTIGUITY IN INTENTIONAL AND 
INCIDENTAL PAIRED-ASSOCIATE LEARNING * 


HARRY G. MURRAY ! AND GAIL URE * 
University of Western Ontario, London, Ontario, Canada 


Consonant-vowel-consonant (CVC) trigram pairs were presented as "dis- 

EM. tracting stimuli" in the context of a probability-learning orienting task, with 
: an interstimulus interval (ISI) of .8, 3.0, or 6.0 sec. between the first and second 
stimulus of each pair. Intentional Ss were told to learn the CVC pairs, whereas 
incidental Ss were given no instructions to learn. Performance on subsequent 
test trials was a decreasing function of the ISI for incidental Ss and an increas- 
ing function of the ISI for intentional Ss. These results suggest that, at least 
under certain orienting conditions, incidental and intentional paired-associate 
learning may involve different underlying processes. 


It is widely assumed that intentional and inci- 


. dental verbal learning obey the same empirical 
-laws and involve similar underlying mechanisms. 
McLaughlin (1965) and Postman (1964) have identi- 
fied several variables (e.g., meaningfulness, exposure 
duration) that show similar effects in intentional 
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and incidental learning paradigms; and Postman 
has concluded that “‘... there is little or no reason 
to maintain a conceptual distinction between inten- 
orien incidental learning [Postman, 1964, P- 

Contrary to Postman's conclusion, Murray (1970) 
reported indirect evidence that temporal contiguity 
effects are different and perhaps opposite in inci- 
dental and intentional paired-associate (PA) learn- 
ing. Murray presented consonant-vowel-consonant 


(CVC) pairs as “distracting stimuli” in the context — 


[ 
] 
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lity-learning (Type I) orienting task, 
rstimulus interyal (ISI) of 1, 2, 4, or 7 
sentation of the first (S1) and second 


of a pi 
with a: 
sec. bet 


(Ss) st of each pair. Incidental learning of 
CVC ; measured by facilitation of subse- 
quent mal learning of the same pairs, was a 
monot« decreasing function of the ISI. This 
result tent with a simple “association by 
contig odel, but does not coincide with the 
flat, V and positively sloped ISI gradients 
reported dies investigating PA learning under 
intentic tice conditions (e.g., Guthrie, 1933; 
Martin ¢ ilz, 1963; Nodine, 1969). 

The : »rpose of the present study was to 
provide t comparison of temporal contiguity 
effects i ntional and incidental PA learning, 
using tI orienting conditions and ISI values 
in inte and incidental learning tasks. A 
second was to obtain questionnaire data 
concern activities during the ISI. One ex- 
planatio ie apparent discrepancy between in- 
tention :cidental ISI effects is that Ss in the 
intentio: rning condition take advantage of the 
increase rtunity for covert rehearsal and medi- 
ation ac: ıt longer ISIs (Murray, 1970). 

Meth he Ss were 180 students at the Uni- 
versity « tern Ontario who participated in the 
experim ` fulfill a course requirement. Thirty 

- Ss were nly assigned to each cell of a 2 X 3 
factorial » in which the factors were intentional 
vs. incide instructions and ISI (.8, 3.0, or 6.0 
Sec.). A otal of 18 additional Ss (2 intentional, 
16 incid: were discarded from the experiment 
on the b: f their responses in a postexperimental 
interview escribed below). The number of Ss 
discarded |. om the .8-, 3.0-, and 6.0-sec. groups was 
4, 5, and 7 respectively, in the incidental condition, 
and 0, 2, and 0, respectively, in the intentional 
condition 


- . The PA list consisted of 10 CVC pairs with as- 
. Sociability values of 40%-50% in the Montague and 
Kiess (1968) norms. All S, items had different first 
letters, as did Sy items, and in no case did both 
Members of a pair begin with the same letter. The 
S: and S, trigrams of each pair were prepared on 
Separate 35-mm. negative slides and presented side 
by side on a 60 X 60 cm. rear projection screen by 
two Kodak Carousel projectors equipped with 
Gerbrands electronic shutters. Temporal param- 
. &ters of stimuli and slide changes in the projectors 
Were controlled by Hunter timers arranged im à 
recycling series, The apparatus used in the proba- 
bility-learning orienting task consisted of two r 
- Signal lights mounted directly below the projection 
Screen (approximately 1 m. from S), and two cor- 
Tesponding telegraph keys. The S pressed one of 
€ two keys to predict which of the red lights 
Would be illuminated on each trial. The left and 
right lights were presented on a 70:30 random 
schedule, programmed by a Lehigh-Valley proba- 
ility randomizer. d 
In the first stage of the experiment all Ss received 
. SX presentations of the PA list while performing 
- the probability-learning orienting task. On each 


y 
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of 60 probability-learning trials, the S, and S me 
bers of 1 of the 10 CVC pairs were projected on the iF 
screen for .3 sec, each, with an ISI of .8, 3.0, or 6.0 
sec. between S; and S; onsets; then S made his 
key-press (prediction) response during a 3.0-sec. 
interval between S; offset and illumination of the 
left or right signal light. The duration of the 
signal light was 1.0 sec., whereas the interval 
tween light offset and onset of the next S; trigrai 
was 6.0 sec., giving a total interpair interval of 10 
sec. The 10 CVC pairs were presented in random 
order with the restriction that each pair occur once 
in each successive block of 10 probability-learnit B 
trials. Incidental 5s were given instructions appr 
priate to the probability-learning task, and were 
told that the Sı and S; trigrams were distracting — 
stimuli that might interfere with S’s attempt to - 
solve the “light-guessing” problem. Intentional Ss. 
were given similar instructions, except that they 
were explicitly told to learn the CVC pairs in prepa: 
ration for a recall test. To insure S’s attention t 
the PA items, all Ss were required to pronounce. 
each trigram aloud as it appeared on the screen 
No information was given concerning the schedul 
of signal light presentations, but Ss were told to — 
predict correctly as often as possible, and their 
cumulative scores were displayed following c: 
trial by an electronic counter. N 
On completion of the light-guessing task, all Ss 
were asked whether they had expected a recall test jh 
or had systematically tried to learn the CVC pairs — 
during the first stage of the experiment. Any S in 
the incidental condition who responded affirmatively. V 
to either of these questions and any intentional S - 
who responded negatively to either question was - 
discarded from the experiment. Following the ini- - 
tial interview, Ss were given a printed questionnaire - 
in which they indicated 1 or more of 10 different — 
activities (e.g., rehearsal, encoding, light guessing) | 
that they had performed during the time interval - 
between presentation of S; and S; trigrams. All RU 
were then given a slip of paper and told to list as 
many of the S; trigrams as they could remember, E 
in any order, within a 60-sec. time limit. The time 
required to complete the second stage of the experi- 
ment (interview, questionnaire, and response avai 
3s 


ability test) was approximately 4-5 min. for all Ss. 

The amount of incidental and intentional learning 
that occurred in the first stage of the experiment 
was measured in terms of facilitation of subsequent 
intentional learning of the same materials. In the 
final stage of the experiment, all Ss received fo 
presentations of the original PA list, in four CO 
secutive random orders, with the light-guessing task 
omitted. The S was instructed to learn (or con- 
tinue learning) the CVC pairs that had been pre- 
sented in Stage 1. The S; trigram of each pair was 
projected on the screen for a duration of 6.0 sec., 
whereas S; duration was 1.0 sec.; the interval be- 
tween Sı and S; onsets was 5.0 sec.; and the in: 
terpair interval was 2.0 sec. On each test trial 
including the first, Ss were told to spell the corre: 
sponding S: trigram aloud during the 81-8: interval, - 
and to guess if uncertain. 
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Ficure l. Mean number of correct responses 


incidental vs. intentional instructi 


Results, Figure 1 shows the mean number of 
rrect anticipatory responses on each test trial for 
roups receiving incidental or intentional learning 
instructions and .8-, 3.0-, or 6.0-sec. ISIs in the 
first stage of the experiment. It may be noted that 
_ the ISI variable affected incidental and intentional 
PA learning in opposite ways. More specifically, 
“test trial performance was a decreasing function of 
he ISI under incidental learning conditions, and 
ar increasing function of the ISI under intentional 
learning conditions. Recall scores at all ISIs were 
- higher for intentional than for incidental groups; 
- and all treatment groups showed improved perform- 
Ice on successive test trials. In support of these 
«conclusions, an overall analysis of variance yielded 
significant Instructions X ISI interaction effect, 
(2, 174) — 9.30, and significant main effects of 
‘instructions, F (1, 174) = 186.73, and trials, F 
(3,522) — 264.28. The Instructions X Trials inter- 
- action was also significant, F (3, 522) = 3.45, 
. reflecting the fact that intentional groups showed a 
$ - larger gain from the first to last test trial than did 
» incidental groups. Separate one-way analyses indi- 
cated that the simple effect of ISI was statistically 
significant for both incidental and intentional con- 
ditions, F (2, 87) = 5.92 and 3.87, respectively ; and 
. a2 X 3 analysis of PA scores on the first test trial 
yielded results similar to those obtained in the 
overall analysis of variance, F (1, 174) — 106.73, 
- for incidental-intentional difference, and F (2, 174) 
-= 5.95, for the Instructions X ISI interaction. 
Mean response availability scores for the .8-, 3.0-, 
and 6.0-sec. incidental groups were 2.92, 3.33, and 
2.76, respectively; whereas mean scores for corre- 
sponding intentional groups were 5.50, 6.29, and 
6.13, respectively. An analysis of variance of these 
data indicated that S; availability was significantly 
- higher for Ss receiving intentional learning instrucl 
tions, F (1, 174) = 52.48, but did not differ sig- 
nificantly as a function of ISI, F (2, 174) — 2.54, 
or Instructions X ISI interaction, F (2, 174) — 1.31. 
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on Test Trials 1-4 (Ti-T4) as a function of 
ions and interstimulus interval. 


Thus it would appear that effects of the 1 viable 
upon incidental and intentional PA scor: re due 
to associative differences rather than c rentia- 
availability of S; items as response units. : 
Cumulative scores on the probability varning 
orienting task ranged from 28% to 77% « -ect for 
individual Ss, with an overall mean of 5! "76 but 
light-guessing performance was not sip: ificantly 
affected by intentional vs. incidental lea: ning mM- - 
structions, ISI, or Instructions X ISI interaction, - 
all Fs < 1.50; and there was no significan: correla- 


tion between light-guessing scores and PA learning, 
scores for all test trials combined, r (17) 2, 


p.05. 3 
The percentage of Ss reporting each of the 10 IS 
activities described in the postexperimental ques- 


tionnaire was calculated for each experimental group 
Consistent with Nodine’s (1969) results, the activi- 
ties most frequently reported by intentional Ss Were 
those in which S attempted to anticipate the correct 
S; trigram during the ISI, and then either Es 1 
or mediate the S:-S: association (63% and 52% o! 
Ss, respectively). Both of these activities were 
reported more frequently at longer SIs, as were 
encoding of S, trigrams and rehearsal of other 


pairs 
from the PA list. The ISI activities most frequently 
reported by incidental Ss were formulation of pre- 
dictions in the light-guessing task (76%) and simply 
waiting for the S; trigram (57%). A small numb 
of incidental Ss (10% or less) reported rehearsal, 
encoding, or mediation activities, despite the fact 
that they had disclaimed any deliberate attempt t0 - 
learn the CVC pairs. 

Discussion. The major finding o! 
study is that incidental and intentiona 
are affected in opposite ways by vari 
time interval between S, and Sz mem 
pair. Consistent with the results of Murray ded 
incidental PA learning was a monotonically, sl : 
creasing function of the Si-Ss interval. inten 
PA learning, on the other hand, was a monotonic? y 


f the present 
1 PA learning 
‘ations in the 
bers of each - 
(1970), 


action of the ISI. A similar ISI func- 


increasi 
tion ha: reported in two previous intentional 
PA st e Ss were free to rehearse during 
the IS! hrie, 1933; Martin & Schulz, 1963). 
The re the present study indicate that ISI 
effects idental and intentional PA learning 
are not table to differences in S; (response) 
availab though this factor may have con- 
tributed ixe overall superiority of intentional 
learning 

Altho ere is evidence in the literature that 
certain ndent variables show larger effects 
under i: al (or intentional) learning condi- 
tions, i ually reported that the direction of 


these eff similar for incidental and intentional 
tasks (M zhlin, 1965). This observation is the 
basis of | in's (1964) conclusion that incidental 
and inte :! learning are functionally and con- 
ceptualls valent. Postman's “differential re- 
sponse" t of incidental and intentional learn- 
ing assu: iat intentional instructions are more 
likely to abeling, encoding, and rehearsal re- 
sponses incidental instructions, and further- 
more tha function relating differential response 
frequenc ndependent variables such as mean- 
ingfulne similar under incidental and inten- 
tional cr s. Thus, with the exception of 
highly | tive or inhibitory orienting tasks, 
intentio irning would be expected to exceed 
incidenta! rning; and both types of learning 
should s! the same functional relationship to a 
given inde: | .dent variable. Contrary to Postman's 
theory, ti: present findings suggest that incidental 
and inten.‘ ual learning sometimes obey different 
empirical «ws, and may involve different under- 
lying mechanisms. 


The most reasonable interpretation of the mono- 
tonically increasing relationship found between in- 
tentional IA learning and the ISI is that intentional 
Ss take advantage of the increased opportunity for 
rehearsal, encoding, and mediation activities at 
longer ISIs. In other words, any negative effect of 
decreased temporal contiguity is counteracted by 
Positive effects of activities favorable to learning. 
This interpretation is supported by intentional Ss’ 
retrospective reports of their ISI activities. As 

- Previously noted, rehearsal, encoding, and media- 
tion activities were reported more frequently at 
longer ISIs. 

The monotonically decreasing relationship found 
etween incidental PA learning and the ISI is con- 
sistent with a simple association by contiguity model 
of verbal learning. Modern research in verbal 
learning has deemphasized the mechanisms whereby 

"New (unmediated) associations are formed. The 
meidental learning task used in the present study 
. Seems to provide a situation in which verbal as- 
Sociations are learned primarily on the basis of 
contiguity and repetition, with factors such as 
Covert rehearsal and mediation playing only a 
Minor role. In the absence of these cognitive proc- 
esses, decreased temporal contiguity produces = 
“gnificant decrement in PA learning. It is pos- 
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sible that the decreasing ISI gradient in incident 
PA learning results from the operation of a shc 
term forgetting mechanism during the interval | 
tween S, and S; items (cf. Nodine, 1969), In o 
words, Ss may simply forget the S; item before. 
is presented, thus precluding the formation of 
Si-S: association. Light-guessing activities d 
the ISI may have retroactively interfered with 
retention in the present experiment. The propor 
tion of incidental Ss reporting such activities i 
creased from 60% to 87% as the ISI increased froi 
-8 to 6.0 sec. M 

One aspect of the present data seems to contradi 
the view that ISI effects are opposite in incidental. 
and intentional PA learning, namely, the nonsi 
nificant interaction between ISI and trials factors. | 
Since all treatment groups received intentional 
practice with an ISI of 5.0 sec. in the test (transfer) — 
stage of the experiment, one might expect the slope. 
of the ISI function for incidental Ss to decrease on 
successive test trials. The failure of such a trend to 
materialize (see Figure 1) suggests that Ss in the — 
various ISI groups may have acquired character- < 
istic "learning sets" which persisted during sub: a 
quent test trials. 

Most of the evidence supporting the functional - 
equivalence of incidental and intentional learning - 
comes from studies using serial or free recall tasks, - 
only oné or two list presentations, and relativel: 
short retention intervals, It is possible that inci. 
dental and intentional learning processes are similar — 
for tasks requiring short-term storage of individual id 
items, but not for PA tasks involving long-term 1 
retention (i.e, multiple presentations) of the learn- ~ 
ing materials. aa 23 

In summary, the present study indicates thay 
under appropriate orienting conditions, incidental 
and intentional PA learning show different fui c- i 
tional relationships, and may involve different 
underlying mechanisms. It should be emphasized, 
however, that the results of this study are unlikely - 
to be replicated for all types of orienting tasks. 
For example, incidental PA learning is unlikely to. J 
show a decreasing ISI function when the orienting v. 
task requires S to actively bridge the time interval — 
between S; and S; items; and intentional PA learn: 
ing is unlikely to show an increasing ISI function 
when the orienting task minimizes rehearsal and - 
mediation activities during the ISI. In other word: 
incidental and intentional PA tasks are expected t 
show similar functional relationships to the extent — 
that they elicit similar activities or mental opera- 


tions in the S. 
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THE UNIMPORTANCE OF FIGURAL CHARACTERISTICS 
OF VISUAL NOISE MASKS* 


KENT GUMMERMAN; GEORGE A. HILL, anp GARVIN CHASTAIN 
University of Texas at Austin 


In studies of backward masking in vision, the use 
‘of a masking stimulus (MS) with contours that 
‘spatially overlap those of the target stimulus (TS) 
.results in interference called masking by noise or 
“masking by pattern (Kahneman, 1968). Currently, 
| two theoretical accounts of masking by noise are 
popular, One states that the TS and MS are 
“integrated by the visual system and that perception 
of the TS is impaired because it is embedded in the 
noisy background presented by the MS. According 
_ to the second view, TS-MS integration does not 
Occur; rather, the onset of the MS interrupts per- 
ceptual processing of the TS and produces poor 
- performance because the MS shortens the effective 
- duration of the TS icon. 
Although masking by noise has been studied quite 
extensively, little is known about how to construct 
. a noise MS to make it maximally disruptive. One 
- recent suggestion (Haber, 1970) is to design it so 
that simultaneous presentation of the MS and TS 
ake processing of the TS impossible, since failure 
o stop processing in this presentation condition 
pwould be strong grounds for suspecting similar 
failure when the TS and MS are separated in time. 
"This proposal implies that the masking mechanisms 
- operating during simultaneity are the same ones in- 
- yolved in backward-masking conditions, or at least 
that the two sets of mechanisms have very similar 
characteristics. This view is quite compatible with 


4 This study was supported in part by the National Science 
Foundation’s University Science Development Program, Grant 
GU-1598. M. Bordiga and J. Dykes assisted in pilot work; 
C. A. Burnham and D. McFadden read draíts of the 
manuscript. 

2 Requests for reprints should be sent to Kent Gummerman, 
Department of Psychology, Mezes Hall 328, The University 
of Texas at Austin, Austin, Texas 78712. 


SHORT REPORTS 


It has been proposed that the ability of a visual noise mask to stop processing 
of a target stimulus under backward-masking conditions be gauged by its 
ability to obscure the target when both stimuli are viewed simultaneously. 
To assess the usefulness of this proposal, three noise masks which varied 
greatly in effectiveness under conditions of simultaneity were also used as 
backward masks, The resulting backward-masking functions were identical 
for all masks, indicating that the suggestion is not practical for the conditions 
of this experiment. The findings were also interpreted as favoring a process- 
stopping theory of masking over an integration theory. 


ing: The law of contiguity revisited. Psycho! 
1969, 76, 351-362. X 

Postman, L. Short-term memory and incide 
In A. W. Melton (Ed.), Categories of human l 
York: Academic Press, 1964. 


(Received January 28, 1974) 


an integration theory of backward mas‘ ng by 


noise, but it does not seem to follow from i^ inter- 
ruption theory. The latter suggests that ‘he TS 
and MS would be processed as a unit whcn pre- 
sented simultaneously and that perceptual diMculties 
would result simply from figure-ground c^ iusion. 
But, when the MS follows the TS, the perceptual 
apparatus is abruptly diverted from the TS to deal 


with the MS. According to an interruption view- 
point, masking during simultaneity certainly may be 
affected by the figural relationships between the two 
stimuli, but these relationships may have little to 
do with the ability of the MS to usurp the process- 
ing mechanisms that have begun their work on 
the TS. 

To investigate the proposal, we varied the amount 
of spatial overlap between the TS and the MS. In 
one condition, the MS was oriented to completely 
obscure the identifying features of the TS; in a 
second, the MS still overlapped the TS but left the 
identifying features unobscured. In a third condi- 
tion, part of the MS was removed to leave the 
entire TS unobscured. Thus only two of the condi- 
tions met the formal noise-masking criterion © 
spatial TS-MS overlap. The third condition ac 
tually should be classified as metacontrast (Kahne: 
man, 1968; Lefton, 1973), but the similarity of its 
MS to those of the other conditions made it seem 4 
potentially informative manipulation. With all three 
types of MS, performance was assessed with simul- - 
taneous presentation of TS and MS and also under 
backward-masking conditions. 

Method. The Ss were 30 female undergraduates 
each of whom served for about 50 min. to partially 
fulfill the requirements of an introductory psychol- 
ogy class at the University of Texas at Austin. All 
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had nor * corrected-to-normal vision, and none 
had pre served in a perception experiment. 

All st e presented in a three-field mirror 
tachisto: (Scientific Prototype Model GB, 
modific: »w monocular viewing at a distance 
of 104 € The visual angle of the overall field 
of view 25' vertically and 5°45’ horizontally. 
The stin re prepared by applying black rub-on 
uppercas rs (Para-Tipe Pressure Lettering, 
No. 115( ke thickness 0*3.3') to white poster 
board. vo TSs used in all phases of the 
study w« ndolt Cs—0*19.9' in diameter, with a 
0°3.3' of formed in either the top or bottom. 
Each T: always presented in one of the two 
reflected fields of the tachistoscope and al- 
ways ap in the center of the viewing field. 
Each M sted, at least in part, of 24 Xs (each 
0°19,2' ud 0°15,9' wide) arranged unsys- 


various orientations within a 1°30’ X 
tered in the viewing field. None of 


these Xs 


lapped the area of the field occupied 
by the : some were immediately adjacent. 
Only the Xs were used for the no-overlap MS 
(Maski: idition N). For the partial-overlap 
MS (C n P), a twenty-fifth X was placed 
Squarely 1e area corresponding to the TS and 
oriented sù that the end of each of the legs of the 
x would ap the TS when both were viewed 
simultan y; the gap in each Landolt C was still 
visible be en the legs. For the total-overlap MS 
(Condition T), a twenty-fifth X was also added, 
but it was rotated about 45° relative to the twenty- 
fifth X in Conditon P, so that one of the legs would 


i the gap in the TS while the three 
25 would overlap the TS itself. Thus, the 
background of 24 Xs was identical for all three 
MS conditions; but the TS would be entirely un- 
obscured in Condition N, partially obscured (but 
with the critical gap visible) in Condition P, and 
completely obscured (the gap not visible) in Condi- 
tion T. 

When the TS and MS were presented simul- 
taneously (stimulus-onset asynchrony, or SOA, of 
zero), both were constructed on the same sheet of 
Poster board and viewed as a unit in a single field 
of the tachistoscope. This arrangement was used 
to effect high contrast for both TS and MS. For 
all other conditions (SOAs > 0), the TS and MS 
Ju constructed separately and presented in dif- 
fied). fields (the MS always in the direct-view 

For all stimuli, the luminance was about 5 cd/m* 
for black areas and 102 cd/m? for white areas. The 
toom was dimly illuminated (about .2 cd/m? for a 
Sheet of white paper near the tachistoscope viewing 
hood), and the S spent about 10 min. at this level 
Prior to beginning the practice trials. The duration 
of both the TS and MS was 50 msec. in all condi- 
tions, and the SOAs employed were 0, 50, 100, 150, 
and 250 msec. When the TS and MS were not 
being exposed, the viewing field was completely 
dark, with the exception of one faint luminous fixa- 
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FroumE 1, The relationship between accuracy proportion 
correct) and the asynchrony of target stimulus-masking stim- — 
ulus onset (SOA), shown separately for Masking Conditions — 
N (mo overlap), P (partial overlap), and T (total overlap), — 

E 


tion dot just above the area of the MS and another 
just below. c 
Each S viewed 10 stimulus exposures (5 with 
each type of TS) under all 15 combinations of MS - 
and SOA. After each block of 10 trials, the SOA — 
was changed, and the MS condition changed after | 
each block of 50 trials; The Ss were divided into 
six groups, each receiving the MS conditions in à - 
different order. The SOAs were presented in 
pseudorandom orders that were balanced over 
groups of 15 Ss. t 
Each session began with an explanation of the - 
apparatus and procedure, and the S looked at the 
TS and MS ünder nonmasking conditions, Then. 
10 practice trials with trial-by-trial feedback were 
given under the first condition assigned to the i 
(except for the two 5s who began with the “im- 
possible" condition of total overlap at SOA-0; | 
for them practice was at SOA — 50 msec.). On - 
all other trials, no feedback was given. The Sim 
jnitiated each trial with a hand-held microswitch — 
and responded by moving a small lever either up — 
(when the gap was at the top of the TS) or down. 
Results and discussion. The proportion of correct - 


responses was calculated for each S for each block .- 


of 10 trials. The mean values, shown in Figure 1, — 
i 


reveal a very clear outcome. Although perform- 
ance was directly related to the amount of TS-MS — 
spatial overlap when the SOA equaled zero (the - 
simultaneous viewing condition), the backward- | 
masking functions were identical for the three types 
of MS. The only significant effects were MS Con- 
dition, F (2, 48) =6.83, p<.01; SOA, F (4, 96) 
= 78.01, p <.001; and their interaction, F (8, 192) 
— 790, p<.001, All error mean squares were of 
the same order of magnitude. : 

This finding implies that the ability of an MS to — 
inhibit processing of a simultaneously presented TS - 
bears no relation to its ability to serve as a back- - 
ward MS. Indeed, for backward-masking purposes, 


that the degree of TS-MS ov 
gely irrelevant, at least for these stimuli and 
ewing conditions. The data are quite compatible 
ith the process-stopping model of backward mask- 
g but are difficult to interpret with an integration 
model. We should also note that the MS in Con- 
ition N did not produce a typical U-shaped meta- 
ntrast function with maximum effect at an inter- 
ulus interval of 30-100 msec. (Lefton, 1973) ; 
er, it seemed to behave like a noise MS, being 
disruptive when it immediately followed the 


viewing conditions employed at SOA — 0 and 
‘the other SOAs. The latter conditions were such 
'that it was possible for the white portions of each 
ulus to be integrated with the other stimulus. 
us it could be argued that luminance-summation/ 
ontrast-reduction (Eriksen, 1966) had a crucial 
when SOA was greater than zero but not when 
| was equal to zero; indeed, such a factor would 
a -decrease in performance from SOA — 0 
( )A 50 in Conditions N and P. But, if one 
to assert that temporal integration took place 
this study, he would have to agree that both 
zration-confusion and —luminance-summation/ 


contrast-reduction were functioning—the 


all SOAs and the latter only at SOAs gr 
zero. Thus the effects of integration-c: 
which are shown clearly at SOA = 0—« 
at SOAs >0 as well, and the effect oí 
summation at SOAs >0 would most ; 
a constant added decrement for all thr: 
conditions? Thus the backward-maski:: 
might well be essentially parallel if t 
tegration were responsible for them, but 
not be superimposed as in Figure 1. 


3 In fact, the summated TS-MS “composites” í 
T are rather complex patterns of three lv: 
not clear precisely how to predict the effc 
The most straightforward, and probably m 
os is that the effects are equivalent for 
tions, 


i 
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THE QUIET REVOLUTION 


We thought you might like to know that the Model 800-F 


two-channel tachistoscopes currently being shipped by Scientific 
Prototype: 'contain integrated circuits for timing and logic. Nothing 
. . else has changed, not even the price. All functions are identical; 
. performance is identical. Only reliability has changed—by an order 
of magnitude. Reliability was always excellent so this may not 
mean much. Failure was a rarity, now it should be almost 
unknown. The law of diminishing returns minimizes the im- 


. provement. 


It's a small step in the right direction—but it is a step. 


The Model 800F is the most convenient, compact (approxi- 
mate dimensions: 24" X 24" X 9%"), reliable and flexible 
- two-channel tachistoscope available, and it is inexpensive—price is 
. $955.00, F.0.B. New York City, and that includes precision 
multiturn intensity controls. 


A "Laboratory ‘Manual in Vision” can be bought separately 
Jor $3.00 a copy plus postage. 
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EYE MOVEMENTS IN SCANNING ICONIC IMAGERY ! 


DOUGLAS C. HALL ? 


Stanford Research Institute, Menlo Park, California 


The relationship between eye movements and iconic imagery was investigated. 
A stimulus consisting of three rows of three letters each was tachistoscopically 
presented. Recall of particular rows was directed by tone cues sounded 


immediately after stimulus presentation. 


Eye movements were observed 


during recall. Eye movements during recall suggested spatial scanning of the 
iconic image, since Ss had a strong tendency to look where the requested 


stimuli used to be. 
: 
| number of cognitive theorists have 
assi: ned that motor processes are an im- 
Portant psychophysiological correlate of 
Visual imagery. Hebb (1968) has sug- 
gested that eye movements facilitate the 
formai^on of a clear visual image. Neisser 
(1967, 1970) defines imaging as the active 
consiruction of an internal visual model, 
a process involving either implicit or ex- 
‘plicit eye movements as organizing mecha- 
nisms where appropriate. Skinner (1953) 
and i'iaget (Piaget & Inhelder, 1966) have 
discussed imagery as an internalized per- 
Ceptual process in which motor activity 
Comparable to that in perception is 
"involved. 

Although some of these theorists have 
Stated that motor activity is primarily in- 
Volved on an implicit level in imagery, 
a number of studies have observed an 
association. between imagery and explicit 
motor activity. Probably the most ex- 
| 

1The author is grateful to Norman Mackworth 
for his help in all phases of this research. 

* Requests for reprints should be sent to Douglas 


IC. Hall, Stanford Research Institute, 333 Ravens- 
Wood Road, Menlo Park, California 94025. 


tensively studied has been the association 
between eye movements and imagery in 
dreams (e.g, Roffwarg, Dement, Muzio, 
& Fisher, 1962). Increased eye move- 
ments during imagery have also been ob- 
served among awake subjects by Lorens 
and Darrow (1962), and Antrobus, An- 
trobus, and Singer (1964), among others. 

Other studies have found no relation- 
ship between imagery and explicit motor 
activity, however. In a recent review of 
the psychophysiological correlates of im- 
agery, Paivio (1973) concluded that neither — 
eye movements nor electroencephalogram — 
(EEG) recordings have been found to cor- 
relate consistently with imagery. 
other review, Bower (1972) concluded that 
there was an unpromising outlook for 
physiological measures of imagery, since 
EEG and pupil dilation measures do not 
distinguish between imagery and other 
cognitive states, and eye movements appear 
to be neither a necessary nor a sufficient con- 
dition for visual imagery. 

In these reviews imagery has been charac- 
terized as an undifferentiated phenomenon. 
Imagery is instead a complex phenom- 
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'enon which appears in different forms under 
different conditions. Even if no significant 
relationship can be observed between ex- 
plicit eye movement and imagery in gen- 
eral, such a relationship may become 


evident when appropriate conditions for 


ts occurrence are carefully specified. One 
important condition to be specified is 
imagery type. 

- The present experiment examines the 
association between iconic imagery and 
eye movement. Iconic imagery is also 
known by several other terms, including 
"immediate memory imagery" (McKellar, 
1972), “transient iconic memory” (Neisser, 
1967), and "memory after imagery" (Ri- 
chardson, 1969). Iconic imagery occurs 
near the transitional boundary between 
perception and imagery; it is directly 
dependent upon a visual stimulus and 
lasts approximately a second or two after 
termination of the stimulus (Mackworth, 
1963). 

A study by Heron (1957) obtained S 
eports of eye movements scanning iconic 
images. The stimulus was a tachisto-. 
-Scopically presented square matrix of four 
letters. Although stimulus presentation 
was too brief for eye movements, accuracy 
- reports of the letters decreased from left 
-to right and from top to bottom as though 
the stimulus had been scanned in a normal 
'eading pattern. Sperling (1960) also ob- 
tained S reports of scanning eye move- 
ments in processing iconic imagery. 

Findings involving apparent scanning of 
iconic imagery were also obtained in two 
tudies (Crovitz & Daves, 1962; Crovitz 
& Schiffman, 1965) which used a single- 
line array of numbers or letters as a stim- 
lus. Reporting accuracy was greater on 
e ends of the array, particularly the left 
d, than in the middle where the fovea 
< was fixated, an anomalous finding in per- 

ceptual terms. This finding was discussed 
in terms of tendencies to eye movement 
present during stimulus presentation hav- 
ing a concurrent and inherent effect on 
perception. Evidence for this interpreta- 
tion was obtained by observing initial 
postexposure eye movements in the first 
study. Accuracy in reporting either the 


. 
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left or right portion of the st 


lus array= 
was significantly associated w Í 


the hori- 


zontal direction of the initial p: exposure 
eye movement. : 

A subsequent study b: shenson 
(1969) has disputed the inter; in that — 
tendencies to eye movement luce am, 
inherent effect on stimulu eption. 
This study demonstrated that Ss are 
specifically instructed to rep what 
they perceive, accuracy of rei asso- 
ciated with the point of foy ation 
on a stimulus array. Hers! con- 
cluded that postperceptual proi must 
account for nonfoveal pattern eport 
accuracy of tachistoscopicall) ented 
stimuli. 

The present experiment ob | the 


the 
c im- 
1960) 
une if 
;artial 


facto 


involvement of eye moveme: 1 
postperceptual processing ol 
agery. An experiment by Sper! 
was partially replicated to d 
postperceptual manipulation 
recall from an iconic image was : 
manipulation of eye movement 


METHOD 
Subjects. There were five paid 5s, two ol them 
males. All of the Ss were college freshmen OF 


sophomores, recruited at random from a student 
directory. All were naive regarding the purpose 
of the experiment. 

Stimuli. The stimuli were nine consonant letters 
arranged in a 3 X 3 matrix. The letters were 
3.81 cm. high, and the rectangular area covered 
by the letters measured 11.43 X 15.24 cm. The 
stimuli were back projected on a dimly lit trans- 
lucent screen located 55.88 cm. from 5's eyes. The 
area of the letters covered a maximum visual angle 
of about 8° from the center of the screen. 

The stimuli were exposed on the screen for about 
250 msec. Exposure time was determined by the 
constant shutter speed of a continuously switching 
Kodak (Carousel 850) slide projector. Projector 4 
switching was initiated by an audiotape passing - 
over the contact points of a switch. Contact was 
effected when a special lead pencil mark on the 
audiotape touched both points of the switch si- - 
multaneously. A long lead pencil line marked on 
the tape caused the projector to switch continu- 
ously four times. The stimulus slide appaia 
during the third of these switches. Two ba 
slides preceding the stimulus slide prevented lee 
from reaching the screen, while the sound of is 
projector switching served to cue S when M 
stimulus slide would appear. Another black s i 
immediately following the stimulus slide preven! 


light from reaching the screen after stimulus 
‘presentation. 

| Stimulus recall was cued by an audio tone which 
began 300 msec. after the presentation of the 
itimulus and lasted for 500 msec. The tone cue 
"was recorded on the same audiotape that initiated 
"projector switching. There were three different 
tonc:: the high tone (2,500 cycles) indicated that 
the icp row of letters should be reported; the 
im tone (659 cycles) and the low tone (250 
cued the middle and bottom rows, 
respectively. : 

Testing procedure. The testing procedure was 
the same for all five Ss. The S was seated at an 

“eye camera and was told that its purpose was 
| reco ing pupillary response. No mention was 
mad: of eye movements. The nature of the ex- 
perimental task was explained to S, and the tones 
were sounded several times so that he could learn 
‘to distinguish among them. 

There were 20 training trials followed by 60 test 
trials. The trials were administered in groups of 10. 
Subjects were allowed short rest periods after com- 
pletion of each 10-trial segment of the experiment, 

"and a longer rest period at about the midpoint of 
the 1.5-hr. session. Stimulus slide sets were pre- 
sented twice in succession, each slide accompanied 
by a different tone the second time of presentation. 
"The same sequence of tones was used for each S. 
During the course of the experiment cues were 
sounded at each tone level an equal number of 
times. The stimulus row indicated by the tone 
cue level was recorded by S in writing. The Ss 
could not look at their responses as they wrote 


Eye movement observation. Eye movements were 
observed with a Mackworth stand eye camera 
This camera permits the 


dicates where S is looking. The movements of the 
Teflected point of light were recorded on videotape 
for later analysis. 

Data analysis. Eye movements were observed 
‘and categorized by E from videotape records. On 
ideotape, eye movements appeared as movements 

a small point of light, a reflection off the cornea 


Which moved when the eye moved. The stimulus 
e videotape record. 


at the moment of 
forward in slow 
The tape could be run as slowly as 1 

The vertical direction 
tegorized. Eye movements were categorized as 
"up" or “down,” A “middle” categoriza- 
tion was assigned by default if no eye movement 
a vertical direction occurred prior to the first 
k after the stimulus exposure. Blinks appeared 
n the videotape as a momentary disappearance 
the small point of light reflected off the cornea. 
gonal eye movements were categorized according 
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to their vertical direction. Horizontal eye move- 
ments were categorized as middle. 

Eye movement directions were categorized on a 
"blind" basis; ie., the tone cue record was not 
referred to during categorization. As an accuracy 
check, half of the data from three of the five Ss 
was categorized by an independent judge. Overall 
percentage agreement was .93, with agreement on 
individual Ss ranging from .92 to .96.  Categoriza- 
tion disagreements arose in the infrequent cases 
when eye movements of very small magnitude 
occurred. In these cases doubt could arise whether. 
a middle or a vertical eye movement had occurred. 
Because of their relative rarity and because no 
systematic differences were evident, these cases ' 
were included in the analysis as originally cate- 
gorized by E. 


RESULTS 


Main findings. The Ss tended to look 
where the requested stimuli used to be. 
There was a significant association be- 
tween tone cues and congruent eye move- 
ments. The association was apparent at 
all three tone cue levels. A general tend- 
ency toward eye movements in a down- 
ward direction was also evident. The 
number of letters recalled was greatest for 
the bottom row of the stimulus. 

Eye movements and. postexposure tone cue. 
The eye movement data were analyzed by 
analysis of variance for single-factor ex- 
periments having repeated measures 
(Winer, 1967) and by chi-square (Walker 
& Lev, 1953). The number of letters - 
recalled was analyzed by a special arith- 
metic mean (Sperling, 1960). Percentage 
scores were used in the analysis of variance, 
Each percentage score was the proportion à 
of eye movements in a specified direction 
over the total eye movements observed in — 
association with a single tone cue level 
for an individual S. Three different anal- 
yses of variance were computed, one with 
percentage scores of upward eye move- 
ments at each of the three tone cue levels, - 
one with percentage scores of middle eye 
movements, and one with percentage Scores 
of downward eye movements. 

All three analyses of variance revealed 
significant effects for the differential asso- 
ciation of tone cue level and eye movement 
direction. The effect was significant with 
upward eye movements, F (2, 8) — 50.89, 
p < .001, with middle eye movements, 
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TABLE 1 


FREQUENCY DISTRIBUTION OF EYE 
MOVEMENTS 


Eye movement 


Total 


Note, Five Ss, 60 trials. 


^h. Apparatus difficulties caused the 
lows of 27 cases out of 300, 
4 


F (2,8) = 18.55, p < .001, and with down- 
ard eye movements, F (2, 8) = 14.55, 
< .005. All the chi-squares for indi- 
vidual Ss were significant, x* ranging 
/ 86.53-29.55, p < .001. 
- The overall data pattern is summarized 
n Table 1. From the pattern of the data 
it is evident that there was a tendency 
toward downward eye movements. The 
congruency association is strongest be- 
ween the low tone and downward eye 
movements, and incongruent downward 
" eye movements were more often observed 
1 association with the medium tone cue 
- than incongruent upward eye movements. 
Apparatus difficulties caused the loss of 
several cases per S; 27 cases were lost 
overall in 300 S—trial occasions. 


_ The data patterns of individual Ss gen- 


erally did not differ from the overall data 

ittern. The greatest deviation was S2’s 
association between the medium tone 
< ue and congruent middle eye movements. 
. Subject 3 also had a relatively low asso- 

tion between medium tone cue and 
mgruent eye movements. The eye move- 
ents of this S were unusual. The other 
ur Ss developed a strategy of fixating 
e central area of the stimulus prior to 
and during the brief stimulus exposure, 
although no eye movement instructions 
were given and no fixation point provided. 
But S3 developed a strategy of moving 
his eyes rapidly downward either just 
prior to or concurrently with stimulus ex- 
posure. This concurrent eye movement 
was ignored in categorizing this S's eye 
movements; his initial postexposure eye 
movement was categorized, 


iÍ letter 


Letter recall. As a meast 
recall Sperling (1960) use mean 
number of letters available, v vas the 
average number of letters co n each” 
trial multiplied by three, si vas as- 
sumed that the same numi letters 
was available from each of t! e rows 
on any given trial This : ` was 
applied in the present exper! After 


ence,” 
lable. 
The 
NJ 
nean i 
s the 
the 
igate 
each 
| into 
; trials 
avail- 
time, 
were 
better 
ı stim- 


20 trials and with no prior 
Ss had a mean of 4.8 lette: 
There was some variation an 
means for individual Ss were ( 
2.8, and 5.2. The unusuall: 
obtained from the fourth S d 
group's mean. When it is | 
group mean becomes 5.5. ‘To 
whether learning effects were p: 
individual S’s 60 trials were « 
three chronological groupings 
each. The mean numbers of |: 
able remained relatively constan 
indicating that no learning t 
present. The Ss did not perlo 
during the second presentation 
ulus slide set. 


DISCUSSION 


In the experiment every S tended to move r 
his eyes to the spatial portion of the iconic 
image indicated for recall by a tone cue 
This relationship was observed whether the 
upper, middle, or lower portion of the iconic 
image was recalled. The iconic image was 
apparently processed with the accompaniment 


of scanning eye movements as though it were 
a percept. The integral role of eye move 
ments in iconic imagery contradicts the gen- 
eral negative conclusions of Paivio (1973) and 7 
Bower (1972) concerning the association of eye 
movements and imagery, and indicates the 
importance of specifying imagery type IM 
examining eye movement as a psychophysio- 
logical correlate of imagery. f 
The experiment demonstrates that scanning 
of iconic imagery involving eye movement E. 
a psychophysiological correlate probably ha 
a significant role in other experiments whic! 
studied recall of tachistoscopically presente 
stimuli but which did not observe eye DE 
ment (Heron, 1957; Sperling, 1960). s: 
experiment supports Hershenson's (1969) bs 
clusion that nonfoveal patterns of report = 
curacy were due tọ postexposure processes, 


not 


dencies to eye movement present during 


exp ure (Crovitz & Daves, 1962). Tenden- 
cie o eye movement present during exposure 
we - irrelevant for recall in the present ex- 


pe iment, since scanning was cued only after 


' €: posure termination. 


The present finding indicates that explicit 
eye movement is a psychophysiological cor- 
relate of iconic imagery; but from the mere 
presence of eye movements in this, or any 
other, imagery context, it is, of course, im- 
pos ble to infer the exact nature of the role 
of eye movements in imagery. This role 
could range from being completely irrelevant 
t. the imagery process, to being a useful 
a junct to imagery organizing mechanisms, 
a Neisser (1967, 1970) suggests, to being a 
necessary condition for the occurrence of 
in gery of a certain degree of accuracy. 

he present finding does, however, provide 
so ie basis on which to speculate that eye 
m ements are a necessary component of 
irate imagery, at least in the context of 
ic aic imagery. The iconic image has to be 
essed so rapidly before it fades that 


pr cessing task conditions are minimal and 


vev demanding. Under such minimal task 
co: ditions, successful performance would seem 
to cquire the exclusion of all elements that 
we © not strictly relevant and necessary for 
im.:;e processing. Consequently, the ob- 
served presence of explicit eye movements 
wovld seem to indicate that explicit eye 
mo.ement is a necessary and functionally 
integral part of image processing, at least in 
this context. Because of the minimal task 


conditions, any attempt to interfere in image 
processing by manipulating eye movements 
in order to observe the effect of their exclu- 
sion would be most likely to cause some dis- 
ruption of image processing, with consequent 
decrease in accuracy of recall. i 
This study replicated a portion of an earlier 
study by Sperling (1960). The replication 
was complete with two exceptions: the stimu- 
lus letters were larger in the present exper 
ment (3.81 cm. high compared to Sperling's 
1.14 cm.), and the stimulus exposure dura- 
tions were different. Sperling used mainly 
à 50-msec, exposure in his study, compared 
to the 250-msec. exposure used in the present 
experiment. But investigations by Sperling 
(1960) and others have determined that at 
500 msec. or less exposure time is not a Sig- 
nificant variable in this experimental setting. 
Subject performance in the two studies 
appeared to be approximately the same, al- 
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though no direct comparisons could be made 
because Sperling did not use a three-row, 
three-letters-to-a-row stimulus configuration 
until Ss had had 4 days of prior experience 
with the experimental task under other stim- 
ulus configurations. The closest comparison 
that can be made is with Sperling's per- 
formance figure for a two-row, three-letters- 
to-a-row stimulus configuration after 30 prac- 
tice trials. The mean number of letters 
available in that situation was 5.1, compared 
to 4.8 after 20 practice trials in the present 
experiment. 


CONCLUSION 


Scanning eye movement is a significantly 
associated psychophysiological correlate of 
iconic imagery. Examinations of eye move- 
ment as a psychophysiological correlate of 
imagery need to specify imagery type care- 
fully. In prior experiments S reports of 
tachistoscopically presented stimuli have ap- 
parently been influenced by postperceptual 
scanning of iconic imagery involving eye 
movement as a psychophysiological correlate 
of the scanning process. 
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According to the frustration theory of dis- 
“crimination learning (Amsel, 1958; Amsel 
& Ward, 1965), reductions from reward in 
one discriminandum (S+) to nonreward or 
- reduced reward in another discriminandum 
(S—) produce an aversive "frustration" re- 
‘action in S—, which leads to slowed ap- 
proach to the goal in S—. The familiar 
double-runway situation (e.g., Amsel, 1958) 
has been employed to document a frustration 
reaction (Rr) to reward omission in S— 
| during discrimination training. In the dou- 
ble-runway situation animals locomote down 
the first runway (A1) into the first goal box 
(B1) where reward or reward reduction oc- 
"curs. After a brief interval in Bl S is re- 
leased into the second runway (A2), at the 
JR end (B2) of which he obtains a small re- 
TE ward on all trials. Typically, Ss run down 
IE. A2 faster after reward reduction in B1 than 
"after reward in Bl. This difference in A2 
“response speed is commonly known as the 
"frustration effect" (FE) and it is presumed 
"that the FE was due to facilitated A2 loco- 
“motion after reward reduction in B1. 

Amsel and Ward (1965) used black and 
"White runways as the discriminanda for dis- 
“crimination training in Al of a double run- 
way. Their Ss found reward in Bl of St 
Land no reward in Bl of S—. The experi- 
menters obtained the FE under these condi- 
"tions; however, the FE disappeared after 90 


= 1 Requests for reprints should be sent to Richard 
Patten, Department of Psychology, Bemidji 
‘State College, Bemidji, Minnesota 


FRUSTRATION EFFECT IN DISCRIMINATION: 
EFFECT OF EXTENDED TRAINING 


R. MICHAEL LATTA 


Iowa State University 


Amsel and Ward found that the frustration effect (FE) in the second run- 
way of a double runway disappeared during prolonged discrimination train- 
ing in the first runway. Conditions preventing the disssipation of frustration 
in the first runway were employed along with the usual dissipation-possible 
conditions. Measures of activity in the first goal box and locomotion in the 
second runway indicated that FE did not decline over extended discrimina- 

tion training when írustration-dissipation in the nonreward or reduced 

reward discriminandum was prevented. The results were taken as consistent 

with a frustration theory of discrimination performance. 


trials of discrimination training. Amsel and — 
Ward concluded that Rz to S— cues declines - 
and disappears with extended discrimination 
training, A finding that Rs to S— cues de- 
clines with extended discrimination training — 
would have quite lethal implications for a 
frustration analysis of discrimination per- 
formance, which typically does not recline | 
with extended training. 

A source of possible confounding in the 
Amsel and Ward (1965) study must be ex- 
amined: As discrimination training proceeds 
Ss take longer and longer to traverse the 
S— runway discriminandum. The frustra- 
tion reaction declines noticeably within 30 
or fewer sec. after instigation (e.g, Mac- 
Kinnon & Amsel, 1964). Accordingly, as 
discrimination performance develops and Ss 
take longer and longer to reach Bl on S— 
trials, increasing amounts of frustration reac- 
tion conditioned (rr) to the onset of S— cues — 
may dissipate before S reaches B1 and thus - 
be unavailable for the facilitation of A2 per- .| 
formance. The decline in FE during dis- 
crimination training observed by Amsel and | 
Ward may be due to the dissipation of Rein. 
the S— discriminandum rather than to the - 
decline of Ry to S— cues, The present study 
employed the double runway to examine de- 
velopments in the FE during discrimination | 
training and to test the Rrdissipation hy- - 
pothesis of FE disappearance mentioned 
above, Two types of S— trial were admin- 
istered to each S: (a) On one type of trial | 
(long S—; S— trials) S— cues occurred | 
as S was placed into A1; frustration dissipa- 
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ion in A1 was possible on these trials. (b) 
n another type of trial (short S—; S—s 
trials) S— cues occurred as S entered Bl; 
ustration dissipation in A1 was prevented 


loyed a second group of Ss to provide for 
test of the frustration hypothesis of dis- 
crimination using measures of Bl activity. 
_ The present investigation employed the same 
magnitudes of S+ reward and Bl confine- 
ment duration used in the Amsel and Ward 
study and provided records of both Bl ac- 
tivity and A2 locomotion throughout ex- 
ended discrimination training. 


METHOD 


Subjects. The Ss were 16 male hooded rats and 
j male albino rats of the Wistar strain. The 
ded rats were obtained írom Blue Spruce 
_ Farms, Altamont, New York, and the Wistar rats 
were obtained from Hilltop Animal Laboratories, 
Scottdale, Pennsylvania. The Ss were 100-110 
days old when received from the suppliers and 
were fed Wayne Lab-Blox ad libitum until 115-125 
V days old. The Ss were then weighed and put on 
a food deprivation schedule that brought the body 
| weight of each animal down to 80% of his weight 
~ after ad libitum feeding. The Ss’ body weights 
were maintained at the 80% level throughout the 
“experiment by adjustments in the amount of main- 
tenance food received after each daily training 
“session. 
Apparatus, The apparatus was an L-shaped dou- 
le runway. The first runway was 149 cm. long, 
10 cm. wide, and 12 cm. high. The first goal box 
was 30 cm. in length and width, and had sides 12.5 
cm. high. The second runway was 157 cm. long, 
14 em. wide, and had sides 12 cm. high. A clear 
Plexiglas sliding door separated the 33-cm. startbox 
from Al. Black painted Plexiglas sliding doors 
_ Separated Bl from Al and A2. The entire ap- 
-- paratus was painted black and covered with hinged 
ctions of sanded Plexiglas. Running latencies in 
Al were electronically recorded from the time S 
- was placed into the start box until he interrupted 
a photobeam 129 cm. farther down Al. A 6.3-v. 
- ac light located 2.08 cm. over the food cup in Bl 
- and three identical lights fixed along the top of B1 
and Al at intervals of 25, 90, and 155 cm. from 
he goal end of the apparatus provided the illumina- 
ion differences in Al and B1 characteristic of 
S+ and S— trials. The change in illumination 
. that occurred on S—, trials was controlled by the 
nterruption of a photobeam as S was placed into 
the start box. The change in illumination that oc- 
curred on S—, trials was controlled by the inter- 
ruption of a second Al photocell located 3 cm. in 
front of the opening into Bl. Activity in B1 was 


measured with an electronic act 
(Lafayette Co.) which provided :' 


platform 
re mesh 


floor of Bl. A measuring spoon ed to a 
moveable wood sled was used to ; the re- 
ward to Ss in Bl. The spoon was : into BLI 
through a small shuttered opening vall op- — 
posite the entrance from Al int Ün St 
trials the spoon was withdrawn ai removed. 
the two food pellets. On S— trials n was | 
removed either after 5 inspected ti spoon 
or about 3 sec. after S entered B1. 

cedure became necessary after the dk 
discrimination performance when n a 
inspecting the food cup on S— tria single 
reward pellet was available in a glass it the 
end of A2. Reward pellets were 4 Noyes 
pellets (standard formula). Backgro: mina- 
tion provided by the reflected light fr haded 
45-w. incandescent light was adjust: ı low 
level, barely adequate for reading traini 'dules 
and recording data. 

Groups and procedure, After tw ks of 
graduating food deprivation and wei; iction 
and four days of apparatus habituati were 
randomly assigned to two main grou; = 16: 
Group A (activity) Ss provided Bi data 
for analysis; Group R (run) Ss provid: 2 run- 
ning latency data for analysis. The both 
groups had reward magnitude in B1 va tween 
trials of 2 pellets (S+ trials) and non: 1 (S3 
trials). The Ss in each group were rancouly as- 
signed to two subgroups of » — 8: T! in one 
subgroup received light-off as S+ and ij^: onset 
as S— cues; Ss in the other subgroup rc ived 
light-on as S+ and light offset as S— cues. Train- 


ing trials were administered 5 per day for 66 con- 
secutive days, for a total of 330 training trials. No 
data were recorded on the first daily training trial, 
which was randomly determined for ¢ day to 
be either an S+ or an S— trial. Daily, Trials 
2-5 were administered according to repetitions of 
the following 6-day sequence of reward (+) and 
nonreward (—) in B1: +—+—, —++-, H+H- 
+——4+, —+-+, —-++. Each S was randomly 
assigned to a starting point in the sequence. The 
first block of trials incorporated the data from the 
first 6 days of training, Within each of the sub- 7 
sequent 12-day blocks of trials, S—. and S— cues 
occurred an equal number of times at each of the 
Trial Positions 2-5, and S+ cues also occurred an 
equal number of times at each trial position. On 
S— trials the illumination conditions changed 
from S+ to S— as S was placed into the start 
box. On S—, trials the illumination conditions 
changed to S— as S passed the last Al photobeam 
moving into Bl. For Group A Ss, activity in Bl 
was recorded for two successive 10-sec. intervals 
following removal of the food spoon; 5 sec. later 
S was removed from Bl to his home cage. m 
Ss in Group R were detained in Bl a minimum o 
23 sec. after the food spoon was withdrawn; S was 
released into A2 after he had maintained an 
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m toward the A2 door for 3 sec. following 


the ir tial 20-sec. delay period. The between-trial 
inter | for each S was maintained at 10-12 min. 
by | inning Ss in squads of 8 Ss each. The squads 


we - run in the same order each day, and Ss in 
ea 4 squad were run in the same order each day. 


RESULTS 


Running speed in the first runway. In- 
dividual running latencies in A1 were con- 
ver.ed to latency per 30.48 cm. and subjected 

) reciprocal transformation prior to analysis. 

he running speeds of Group A and Group 

Ss on S+ and S—, trials were combined 

produce the single point for S+ conditions 

each block of trials as indicated in Panel 
4. of Figures 1 and 2. A separate analysis 
o: variance was applied to the data from 
ech block of trials, with factors for type of 
rat, light condition, daily trial, type of trial, 
aud activity interval considered when avail- 
ale. A pooling procedure was followed in 
obtaining the within-cell error term used in 
examining between-group effects at levels of 
w thin-S variables (Winer, 1962). Simple- 
elect tests of within-S variables in all analy- 
sc: were conducted using t-tests on differ- 
ence scores, The running speeds of Group 
A Ss are presented in Panel A of Figure 1. 
Discrimination performance of Group A was 
significant in Block 2, t (15) = 2.91, p < .05, 
and in subsequent blocks, with t values ex- 
ceeding a criterion value of t (15) = 2.95, 
p «.0l, at each block. There was a tend- 
ency for slower approach speeds on S—ı 
trials when light onset was the S— cue, in- 
dicated by a significant effect of S—ı light 
condition on Block 3, F (1, 168) = 3.95, 
p « 05, and on each subsequent block of 
trials, Running speeds of Group R Ss are 
presented in Panel A of Figure 2. Dis- 
crimination performance of Group R Ss ap- 
peared on Block 2 when light onset was the 
S—, cue, t (7) = 3.80, p < O1, and in both 
light-onset and light-offset S—1 cue condi- 
tions on each subsequent block of trials. 
Again, a tendency for slower approach when 
light onset was the S—ı cue than when light 
offset was the S—, cue was indicated by a 
significant effect on S—1 light condition on 
Block 2, F (1, 168) — 3.93, p < .05, and on 
each subsequent block of trials. 
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Ficure 1. Discrimination performance in the 


runway (Panel A) and goal-box activity (Panel 
B) by Group A Ss over the six blocks of training — 
trials. (Abbreviations: S+, reward discrimination; — 
S—1, S— cues occurred as S was placed into Run- | 
way Al; S—s, S— cues occurred as S entered 


Runway Bl.) 


Activity, Activity data for Group A Ss 
are presented in Panel B of Figure 1, There 
was a consistent tendency for greater activity 
on S—, and S- trials when light offset was 
the S— cue than when light onset was the 
S— cue, but the supporting Trial Type X 
Light Condition interaction fell short of sig- 
nificance at each block of trials. Significantly — 
greater activity on S—s than on S+ trials 
was obtained on Block 2, t (15) = 491, p< 
01, and on each subsequent block of trials, 
Significantly greater activity on S$-, than 
S+ trials was obtained on Block 5, t (15) 
= 2.58, p < .05, and Block 6, t (15) = 3.04, 

p « Ol. Significantly greater activity on 
S—, than S—; trials was obtained on Block 
4, t (15) = 378, p < .01, and on both sub- 
sequent blocks of trials. The general pat- 
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BLOCK 
Figure 2. Discrimination performance in the 
first runway (Panel A) and running speeds in 
start (Panel B) and run (Panel C) portions of 
the second runway by Group R Ss over the six 
blocks of training trials. (Abbreviations: S+, re- 
- ward discriminandum; S—,, S— cues occurred as 
E iS) entered Runway Bl; S—:, S— cues occurred as 
_ S was placed into Runway A1.) 


tern obtained was one of greater activity on 
y than S—, trials and greater activity on 
| than S+ trials, These differences did 
not become less pronounced as discrimina- 


speeds on S— trials when light offset was 
the S— cue than when light onset was the 
S— cue, but this effect did not attain statis- 
tical significance on any of the six trial 
blocks. Significantly faster start speeds on 
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S—, than S+ trials were obtaine | «1 Blo 
3, t (15) = 5.51, p < .01, and o: sequent 
trial blocks, Significantly faster speeds 
on S—; than S+ trials were ob d only 
on Block 5, t (15) = 325, $ -< Sig- 
nificantly faster start speeds «< than 
S—, trials were obtained on Bloc! 15) 
= 2.61, p < .05, and Block 6, ¢ 1.53; 
p «01. Run speeds for Grou are 
presented in Panel C of Figure nifi- 
cantly faster run speeds on S— S+ 
trials were obtained on Block 3 = 
2.35, p < .05, and on subsequent t: cks. 3 
Significantly faster run speeds on han 
S—, trials were obtained on Block (15) 
—221, p<.05, and on subsequ trial 
blocks. The faster run speeds on < han 
S+ trials indicated for Blocks 3 s. 4 in 
Panel C of Figure 2 approached but « not 
attain statistical significance. Thi eral 3 
pattern of A2 performance obtained one | 
of faster start and run speeds on 9. . than 
S—ı and S+ trials. This effect did not 
diminish as discrimination traini pro- 
gressed. 
Discussion 

Analysis of A1 discrimination performance re- 

vealed slower approach responding on S trials 


with light onset as the S— cue than with light 
offset as the S— cue. Previous research (Pat- 
ten, 1973) has shown that this particular ef- 
fect of light condition appeared only in the S~ 
condition; control Ss receiving the same varia- 
tions of light condition but a constant Bl re- 
ward magnitude did not approach more slowly 
in the light-onset condition than in other condi- 
tions. The notion of a conditioned reaction 
(e.g., frustration) to S— cues draws some sup- 7 
port from these facts. 

Analysis of the activity performance of 
Group A Ss indicated greater activity on S— 
and S—, trials than on S+ trials, documenting 
FE under these conditions. The FE did not f 
decline over the course of discrimination train- 
ing, contrary to the findings of Amsel and 
Ward (1965) for the case of A2 locomotion: 
The finding in the present study of greater a- . 
tivity on S—, than S—, trials is consistent with 
the notion of frustration dissipation in Al on 
S—, trials. Given the frustration interpreta- 
tion, the conclusion must be drawn that som 
but not all of the Ss' r, to S— cues dissipate 


| prior B1 entry. Activity responding may 
be a re sensitive indicator of frustration than 
A2 i.:omotion for several reasons: First, the 
acti: ity recording device may be sensitive to 


res onding that is unconditioned responding to 

fr stration cues. Second, activity was recorded 

a most as soon as S entered B1, while A2 loco- 

»aotion was measured about 25 sec. after Ss 

entered Bl. There may have been more frus- 

tration dissipation prior to response measure- 

vent in the latter case. Third, it is possible 

a reference response that is strongly con- 

l led by subsequent reward (e.g., A2 locomo- 

ion where B2 reward is contingent on re- 

ponding, and delay in B2 reward is contingent 

cn response speed) is less responsive to the 

- fects (eg, frustration) of other variables 

tian is a reference response (e.g. activity by 

Croup R Ss) not already under the control of 
s bsequent reward contingencies. 

Analysis of the start and run speeds in A2 
by Group R Ss indicated faster responding on 
€ -~, than S— and S+ trials, documenting the 
1 under these conditions, This FE did not 
decline as discrimination training progressed. 
The absence of a consistent FE on S, trials 
constitutes a difference between the findings of 
/.msel and Ward (1965) and the present study. 
The use of small reward magnitudes and rela- 
tively long B1 postreward confinement times in 
these studies are definitely nonoptimal condi- 
tions (see MacKinnon & Amsel, 1964) for ob- 
taining FE; consequently, a good deal of vari- 
ability can be expected in the results of such 
experiments. Regardless, the results of the 
present study are consistent with the hypothe- 
sis that a short-lived reaction of the organism 
to reward reduction becomes conditioned to S= 
cues during discrimination training and can 
facilitate subsequent performance. The facilitat- 
ing effect will occur most strongly if the condi- 
tioned reaction (rp) is not allowed to decline 
prior to the measurement of subsequent perform- 
ance. When rp dissipation is prevented, e.g., by 
withholding S— cues until S is in Bl, evidence 
is obtained that rp to S— cues does not decline 
during extended discrimination training. Thus 
the results of the present study can be taken as 
supporting a frustration theory of discrimina- 
tion performance. 

The finding of the present study that A2 
speeds after S+ trials did not fall below the 
speeds on S—, trials is consistent with the no- 
tion that the FE was attributable to response 
facilitation on S—, trials rather than to “de- 
motivation” (slowed responding) due to the 
receipt of reward on S+ trials. Previous 
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studies (Patten, 1971, 1973) provide evidence 
that an FE in B1 activity is not due to demo- 
tivation. Although the FE obtained in A2 
speeds may be due to facilitated, “energized” 
responding, it could also be that Ss run faster. 
in A2 on S— trials because on these trials A2 
running functions to escape cues (S—) in B1 
that signal reward reduction. Thus, the activ- — 
ity data of the present and previous studies pro- — 
vide more clearly interpretable evidence of the | 
development and within-trial dissipation of an 
energizing function of reward reduction than 
that obtained with the sequential reward pro- - 
cedure of double-runway studies. 

Amsel and Ward (1965) noted the similar- . 
ities between procedures producing FE in the 
double runway and those producing "positive 
behavioral contrast" (PBC) in the operant 
chamber. They also mentioned that Terrace 
(1966) has found a decline and disappearance — 
of PBC during extended discrimination train- — 
ing similar to that which they obtained with — 
FE in the double runway, and took this point ~ 
of similarity as suggesting the appropriateness 
of a frustration analysis of PBC. However, 
Hearst (1971) has recently presented evidence 
that PBC does not decline with extended train- 
ing. If Hearst is correct, then the findings of 
the present study are consistent with a frustra- 
tion analysis of PBC. The question of the ap- 
propriateness of a frustration analysis of PBC 
must await further research in the operant 
situation aimed at determining the conditions 
disposing to the disappearance of PBC with — 
extended discrimination training, In connec- 
tion with this question it is of some interest 
that Mackintosh, Little, and Lord (1972) have 
found evidence for within-trial dissipation of 


PBC. 
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recall correctly than were control sentences which did not admit optional 
transformations. There were strong biases in the degree to which the two - 


University of Illinois at Urbana-Champaign 
The present experiment examined recall for sentences admitting optional 
surface transformations. Such sentences were consistently more difficult to 
surface forms of an optional-transform sentence were correctly recalled. The 
recall biases showed little relation to the transformational status of the sen- 
supporting a theory of memory which postulates that sentences are remembered 


in terms of their underlying meanings and that in recall the speech output 
system is used to reconstruct new surface structures for these retained 


meanings. 


In one of the earliest experiments on 
human memory, Binet and Henri (1894) 


Binet and Henri’s (1894) reconstructive : 


hypothesis was adopted by Bartlett (1932), 


tences, but showed a strong relation to speech production preference ratings, 


BEEN um es ele eee 
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o :tlined a theory of reconstructive memory. 
‘l aey suggested that in the recall of prose 
iaterial, idea memory (memory for mean- 
iz) is far superior to verbal memory 
( nemory for surface information), so that 
when faced with the task of recalling prose, 
Ss remember the underlying meaning and 
reconstruct the surface form of their 
responses from the meaning. Binet and 
Henri pointed out that for children a 
process of "verbal assimilation" occurs 
during the reconstructive process. By 
verbal assimilation they meant that in 
reconstructing a new surface structure for a 
given meaning the children tended to 
replace the original surface structure with 
lexical items and syntactic constructions 
more characteristic of their own speech. 
Thus, according to Binet and Henri, recall 
of linguistic material involves the use of 
the speech production system to recon- 
struct a new surface form to express a 


retained meaning. 


1 This research is based in part on a thesis pre- 
sented by the first author to the Graduate College, 
University of Illinois, in partial fulfillment of the 
requirements for the master's degree. The authors 
thank R. J. Harris, E. Lichtenstein, and C. E. 
Osgood for their comments, and E. Brewer for 
assistance in programming and data analysis. — 

? Requests for reprints should be sent to William 
F. Brewer, Department of Psychology, University of 
Illinois, Psychology Building, Champaign, Illinois 
61820. 


but many recent theories of sentence recall 
have taken other approaches. A number. 
of investigators have developed theories 
that assume that sentences are retained in 


terms of their surface structure (Johnson, - 


1968; Rosenberg, 1965), while others have 
postulated that sentences are remembered 


in terms of underlying syntactic entities 


(Mehler, 1963; Rohrman, 1968). 

The present experiment used the recall 
of sentences that allow an optional trans- 
formation (Langendoen, 1969) to explore 
the reconstructive hypothesis and to com- 
pare the reconstructive approach with 
surface structure theories and syntactic 
theories of sentence recall. 1f recall of 
sentences involves the reconstruction of. 


syntactic relations and lexical items from — 


an abstract semantic representation, then 
the recall of sentences allowing optional 
transformations should produce particular 
difficulties. Sentences of this type have the 
property of providing two different surface 
realizations for the same semantic content 
(eg. “The hi-fi fanatic turned up the 
volume,” and “The hi-fi fanatic turned the 
volume up."). Thus, when attempting to 
reconstruct the original sentence from the 
retained meaning, two linguistic realiza- 
tions will be available. When scored for 
verbatim recall, such sentences should be 
much more difficult than sentences with 
only one readily available surface realiza- 
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- "TABLE 1 
EXAMPLES OF OPTIONAL-TRANSFORM SENTENCE PAIRS 


Sentence type Item type Examples 
Particle movement U The hi-fi fanatic turned up the volume. 
T. The hi-fi fanatic turned the volume up. 
Genitive U The girlfriend of the policeman was a shoplifter. 
F The policeman's girlfriend was a shoplifter. 
Pronominalization U The magician touched thegirl and the girl disappeared 
T The magician touched the girl and she disappeared. 
Dative U Billy Graham told the president a dirty joke. 
uv Billy Graham told a dirty joke to the president. 
That deletion U The painting that the gallery sold was a forgery. 
T The painting the gallery sold was a forgery. 
Adverb preposing U "Tarzan heard the jungle drums at sunset. 
dn At sunset Tarzan heard the jungle drums. 


on. Examination of the surface forms 
"chosen by Ss to express a particular mean- 
“ing should give information about the re- 
- constructive process that is hypothesized to 
underlie recall. 

H The use of optional transformations also 
llows a test of syntactic theories of sen- 
tence memory. If sentences are remem- 
bered in terms of underlying syntactic 
entities, the untransformed versions should 
be recalled correctly more frequently than 
re the transformed, and the transformed 
ersions should shift to the untransformed 
ersions in recall more frequently than the 


METHOD 


The Ss were 40 undergraduate students at the 
- University of Illinois who participated in partial 
E ulfillment of the course requirement for introductory 
yychology. 


Presentation and test lists were constructed from 
ži a pool of 140 sentences. Ninety-six of the sentences 
were the paired surface forms derived from 48 sen- 
tences written to allow an optional transformation. 
n the framework of transformational linguistics, one 
member of each of the pairs would be considered the 
untransformed sentence, and the other the transform 
(ie. derived by application of an optional trans- 
. formation). Six different types of optional transfor- 
mations were included, each represented by 8 differ- 
ent sentence pairs. The transformations were 
Dative (Burt, 1971); Pronominalization (Langacker, 


Note. Abbreviations: U = untransformed version, T = transformed version. 


1967); Adverb Preposing (Jacobs & Rose 
1968); Particle Movement (Jacobs & Rosenbaun 
1968) ; that Deletion (Rosenbaum, 1967) ; and 
tive (Langendoen, 1969). Examples of pai 
ploying each of these transformations are 
Table 1. This table also indicates which form 
been postulated by linguists to be the untransforme 
version and which the transformed version. 

Of the other 44 sentences in the origina! pool, 
were control items, randomly arranged into 14 pairs 
The control sentences were simple declaratives, e 
“The boulder blocked the entrance to the ca 
The remaining 16 sentences consisted of 8 pairs 
filler items. 

Two 70-item master lists were constructed 
randomly assigning one member of each of the 
sentence pairs to each master list. The two mast 
lists were each subdivided into seven lists of Il 
sentences. Sentences were randomly assigned to 
these 10-item lists, with the constraint that ei 
list contain two control items and no list con! 
more than two instances of a given optio! 
transform type. Ordering of sentences withi 
lists was random, with the restriction that 2 
tences of the same type not appear consecutivel 
Ordering of pairs within and across lists was 
stant, so that pair mates always appeared in parall 
positions. Eight additional items were u: 
construct a practice list. 


Procedure 


Recall. Two groups of 11 Ss were run in the re 
condition, each receiving an 8-item practice list an 
seven 10-item experimental lists derived from 
of the two master lists. The E read each list 0 
sentences aloud with normal intonation, allowing ; 
sec. between sentences. After the last sentence I 
each list, E read four strings of seven- and eigh 
digit numbers, After each string of digits, Ss wrol 


; on the first page of their answer 


"these nu: 

booklets. »ediately following the digit-recall 
task, 5s . asked to recall the sentences. Approx- 
imately in, elapsed between the reading of the 
Jast se! ind the beginning of the memory test. 
The Ss v given 4 min. to write their responses for 
each li entences. The Ss were informed that 
they were participating in an experiment on memory 
for sen: ces and that written recall would be 


require Th instructions were neutral with respect 
zist-memory strategies. 


to rote 

Cuc cach sentence, in the same order in which 
those .nces had been read, were provided on 
the a: sheets, The cues given for the optional- 
trans pairs were the same, and consisted of a 
single in phrase that appeared in both sentences. 
Cues c selected to avoid biasing recall toward 
either untransformed or transformed member of 
the | Pairs in the Adverb Preposing and 
Genitive classes were cued with noun phrases that 
were noninitial in both versions of the sentence. 
Cues ‘or the remaining sentences were chosen so 
that over all sentences approximately half were 
sent. ice-initial and half were noninitial. 

Reling. The 48 experimental sentence pairs were 
rate’ by 18 Ss for speech preference. Rating 
booklets contained each of the sentence pairs in a 

Order of 


two-alternative multiple-choice format. 
and order of sentences within a pair were 
raniom. The Ss were instructed to indicate the 
member of each pair which they thought “sounded 
better"! or was “more natural.” 

Scoring. The sentences from the recall protocols 
were scored as correct, shift to pair mate, error, or 
omission. In order to be scored correct, à sentence 
had to retain the exact words of the original sentence 
in iheir presented order, with the exception of 
changes in tense, number (singular/plural), articles 
(definite/indefinite), spelling, contractions, and ab- 
breviations. A shift was scored if the recalled 
sentence was the optional-transform pair mate of 
the presented sentence, with the same exceptions as 
in the correct category. An omission was scored if 
nothing was written. ‘All other responses were 


scored as errors. 


pairs 


RESULTS 


All analyses of variance were carried out 
with both Ss and sentences as random 
effects (Clark, 1973). Since the basic data 
consisted of 0s and Is, the lower bound of 
the appropriate quasi F ratio (F’min) was 


used to test each fixed effect. Following 
fers to the test 


Clark’s notation, i re 
statistic with Ss as a random effect, and 
F, to the test statistic with items as a ran- 


dom effect. : S 
'The percentage of responses in eac 
the optional-transform 


scoring category for ó 
sentences was 41% correct, 16% shift, 38% 


PERCENTAGE OF RECALL RESPONSES FOR TRAN 
FORMED AND UNTRANSFORMED ITEMS t 


bone erat! 
x Item perenne 
Sentence type type 

E 

Particle movement. U 53 4 25 
d: 19 36 35 

Genitive U 42 26 23 
m 53 4 32 

Pronominalization U 31 32 30 
T, 43 2 42 

Dative U 62 12 20 
T 36 24 27 

That deletion U 23 26 44 
"T 43 10 AL 

Adverb preposing U 53 2 33 
T 35 14 44 

Alltypes U 44 17 29 

T 38 15 37 


U = untransformed version, T 


Nole. Abbreviations: 
S = shift to pair mate, 


transformed version, C = correct, 
E = error, O = omission. 


error, and 10% omit. For the control sen- —.— 


tences the corresponding findings were 
57% correct, 28% error, and 15% omit. i 
The difference between the optional-trans- 5 
and the control sentences in 


percent correct is significant, Fy 


for the optional-trans= — 
form sentences are collapsed, the overall 
rate of meaning-preserving responses 


comes 57%, which is the same as the pe 


centage of corrects for the control sentences. 
For the purpose of comparing the data 


with the predictions of the syntactic models - 
of sentence memory, Table 2 gives. the per- | 
in each scoring cate- 


centages of responses i ! 
gory for each of the six types of sentences, — 
with items of each type classified as un- - 
transformed or transformed. Analysis of 4 
the correct responses showed that there 18 - 
a significant interaction of transform status 


and sentence type: Ri (5, 105) = 13.13, 
F, (5, 42) = 6.36, F'min (5; 85) = 4.29, 


p < .005. Examination of Table 2 shows 
that for 


three of the six sentence types the 
untransformed sentences were correctly re- 
called more frequently than 


the trans- 
formed sentences, and for the other three 
sentence types ther 


i 
$4 


he, 


Y 


everse held. Follow-up 


TABLE 3 


PERCENTAGE OF RESPONSES FOR RATING AND RECALL OF 
_ PREFERRED AND NONPREFERRED SENTENCES 


Sentence type Item type Se: 
ich t pP 72 
Particle movemeni HE oe 
iti P 76 
Genitive ee is 
Pronominalization P 87 
NP 13 
Dative P 63 
E NP 37 
That deletion P 59 
NP 41 
Adverb preposi P 67 
TD pl 'eposing N P 33 
Allt R 71 
oe NP 29 


Scoring category (in percen: 


c s E 

53 3 6 
19 38 33 ) 
58 4 27 0 
37 26 27 9 
43 2 42 

31 32 30 3 
60 9 25 | 

39 27 23 | 

42 11 42 | 

24 25 43 | 

52 3 32 | 

36 12 M | 

51 5 33 ) 
3 27 33 | ) 


~ „Note. Abbreviations: P = preferred sentences, NP. 
..O = omission. 


ests of the simple effects showed that the 
“difference between the transformed and 
untransformed sentences was significant 
- only for Particle Movement, P, (1, 21) = 
~ 45.00, Fo (1, 7) = 18.98, F’min (1, 13) 
13.35, p < .005, with the untransformed 
tences more frequently correct. 

Similar analysis was carried out on 
_ shifts. There was a significant interaction 
of transform status and sentence type, 

^ (5, 105) = 12.47, F, (5, 42) = 9.01, 
min (5, 103) = 5.23, p < .0005. Examina. 
- tion of Table 2 shows that for three of the 
Sentence types the transformed sen- 
ences were more frequently recalled as un- 
ansformed sentences than the reverse, 


nd follow-up tests showed these differences 
to be significant for 


t-( 


up tests showed these 
nificant for Genitive, 
19.61, Ej (1, 7) = 12.21, 


H 


= nonpreferred sentences, C = correct, S = shift to pair mac 


error, 


Fimin (1, 16) = 7.52, p <.05, «nd for 
Pronominalization, F, (1, 21) - 21.72, 
Fe (1, 7) = 16.66, F nin (1, 18 9.43, 
p < .0t. 

In order to examine the relation between 


the preference ratings and the recai! data, 
each member of each optional-transform 
pair was classified as either preferred or 
nonpreferred. The preferred items were 
the members of each pair chosen by the 
largest percentage of Ss in the rating con- 
dition. For four items the preference: 
Scores (the percentage of Ss choosing à 
given member of an optional transform 
pair) were identical, and members of these 
pairs were assigned randomly to the prefer- 
ence-nonpreference categories. Table 3 
gives the recall data for each of the six 
sentence types for preferred and nonpre- 
ferred forms, and the preference scores for 
each category. 

Analysis of corrects showed that there 
was no significant interaction of preference- 
nonpreference with sentence type. Ex- - 
amination of Table 3 shows that for each 
sentence type the preferred forms are re- 
called correctly more frequently than er 
the nonpreferred forms. The main effect 0 
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pref --1ce-nonpreference was significant, 
Fi 21) = 43.68, Fe (1, 42) = 28.97, 
F'.4 (1, 62) = 17.42, p < .0005. A simi- 


lar analysis on shifts showed that there 
ws no significant interaction of preference— 
nonpreference with sentence type. Exami- 
ration of Table 3 shows that for each 
entence type the nonpreferred forms shift 
in memory to the preferred forms more 
often than the reverse. The main effect 
of preference-nonpreference was significant, 
F, (1, 21) = 84.70, F» (1, 42) = 42.98, 
F' min (1, 63) = 28.51, p < .0005. 

While the separate analyses of the recall 
lata in terms of the syntactic hypothesis 
ind in terms of the preference hypothesis 
«learly show the superiority of the prefer- 
«nce hypothesis, it is possible to compare 
the two hypotheses in a more direct fashion. 
‘| able 4 gives the preference ratings for the 
transformed and untransformed sentences 
fr each of the six types of optional trans- 
formations and the number of transformed 
¿nd untransformed sentences preferred on 
tie rating task, This table shows that in 
some classes, such as Particle Movement 
aad Adverb Preposing, the untransformed 
pir members tended to receive higher 
speech preference ratings, while in other 
classes, such as Pronominalization and 
Genitive, the transformed pair members 
tended to receive the higher preference 
ratings. Across all six optional-transform 
classes there were 23 sentence pairs in 
which the transformed member was pre- 
ferred in the rating task. These pairs 
provide a crucial comparison of the syn- 
tactic hypothesis vs. the preference hypo- 
thesis, since for each sentence pair the syn- 
tactic hypothesis predicts that the untrans- 
formed sentence will be recalled correctly 
more frequently than the corresponding 
transformed sentence, while the preference 
hypothesis predicts the reverse. Of the 23 
pairs where the predictions are opposed, 
there were 21 where the recall data were 
not tied for number correct, and for 16 of 
these pairs the transformed (preferred) 
member of the pair was recalled correctly 
more often than the untransformed (non- 
preferred) member (p < .01 by a Wilcoxon 
matched-pairs test). Thus, on the items 
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TABLE 4 


PREFERENCE SCORES AND NUMBER OF ITEMS WITH 
HIGHEST PREFERENCE RATINGS IN UNTRANS- 
FORMED AND TRANSFORMED CATEGORIES 


I Pi 
Sentenac type type | Sepretetning | ER 
Particle movement U 71 7 : 
44 29 1 
Genitive U 28 1 
a 72 6 
Pronominalization U 13 0 
"E 87 8 
Dative U 53 3 
T 4T 2 
That deletion U 50 3 
T 50 5 
Adverb preposing U 63 7 
T 37 1 
All types U 46 21 
3 54 23 


Nole. Abbreviations: U = untransformed version, T = 
transformed version, P = preferred. 

*Does not include the four items with tied preference 
scores. 


for which the two theories make opposing 
predictions, the recall data clearly support 
the preference hypothesis. 7 


DISCUSSION (i 


The results show that sentences that admit — 
an optional surface transformation are more - 
difficult to recall correctly than control — 
sentences with only one readily available 
surface síructure. All six classes of optional - 
transforms sampled showed this difficulty in 
memory, suggesting that this difficulty will 
occur in any class of sentences admitting ` 
optional surface transformations. 

Although the experimental sentences were 
correctly recalled less frequently than control 
sentences, the total of shift and correct recalls 
was the same as the recall score for control . 
sentences. This suggests that for both types 
of sentences an abstract representation of the 
meaning was remembered rather than the 
exact words, and that in recall the surface 
structure was reconstructed from this abstract 
representation. The reconstructive process 
was not revealed in the recall of the control 
sentences, but the availability of two surface 
structure variants for the experimental sen- 
tences resulted in the large number of meaning- 


—* 


'OCess. 
Sachs (1967) and Begg (1971) have shown 
with a recognition task that surface structure 
hanges in sentences are difficult to detect, 
hile semantic changes are easily identified. 
Their finding that surface information is re- 
membered less well than the semantic content 
of the sentence is confirmed by the present 
experiment with a recall task. The relatively 
oor recall of surface information compared to 
e recall of meaning is demonstrated in rather 
Striking fashion by the finding that for the 
monpreferred members of the sentence pairs 
s were as likely to write down the alternative 
urface form as they were to write down the 
form actually presented. 
"The difficulty of optional-transform sen- 
|. tences in recall cannot be adequately explained 
by theories concerned only with the surface 
features of language (Johnson, 1968; Rosen- 
` berg, 1965). These theories are inadequate 
because they do not provide an analysis 
independent of surface structure and therefore 
“make no differential prediction about the 
_ recall of sentences admitting two surface real- 
‘izations and those that do not. The poor recall 


Esos the syntactic form of the sentence. This 


present data, since the sentences employed 
Tequire a more detailed analysis of transforma- 
tional relationships and deep syntactic struc- 
tur The theories that grew out of the 
rnel-plus-tag proposal, however, do make 
predictions about the data. The hypothesis 
that linguistic deep structures describe the 
memory representation (Blumenthal, 1967; 
Rohrman, 1968) predicts that sentences 
should be more frequently recalled in their 
untransformed version, since this is the form 
closest to the underlying structure, Similarly, 
the derivational theory of complexity (as 
reconstructed by Fodor & Garrett, 1967) holds 
that the greater the number of transformations 
undergone by a Sentence, the more difficult it 
Should be to process and remember; thus, 


sentences presented in the unt formed 
version should be correctly rec: more 
frequently than sentences presented |.. cerived 
forms. However, the recall data that 
there is very little conformity bce n an 
item's transform status and the : er of 
times it is recalled in a particular f. Only 
Particle Movement sentences wer illed 
correctly significantly more freque: the 
untransformed version than in the tran med, 
and in the shift category, only t: med 
Particle Movement and transformed verb 
Preposing sentences were recalled s atly 
more frequently in the untransformed ions, 
Untransformed Genitive and untra med 
Pronominalization sentences, on t! ther 
hand, were recalled significantly : fre- 
quently in the transformed version, con: ry to 
the predictions of the syntactic theori: 

The basic results of this study, how , are 
compatible with the memory-for-1: aning 
approach (Bartlett, 1932; Binet : lenri, 
1894; Bransford & Franks, 1971; Brower, in ~ 
press). The Ss appear to have rem- ibered 
the sentences in terms of their meaniscs and 
from these reconstructed the lexical it: s and 
syntactic relations. 

The asymmetry found in recall for p: ferred 
and nonpreferred sentences provide. some 
limited evidence about the nature of the recon- 
structive processes in memory. In sormal 
speaking there must be a complex speech 
production system underlying the conversion 
of the speaker's initial idea into a set of 
sequentially organized sounds. In speaking it 
is necessary to establish the particular syn- 
tactic realization of the higher level semantic 
relations ("give the man a book," vs. "givea 


book to the man."). The underlying ideas 
must be realized by particular lexical items 
(big vs. large). Finally, the resulting structures 
must be given particular phonological (orm. 
The results of the present study suggest that 
in attempting to recall sentences a similar 
reconstructive process occurs. It appears that 
Ss frequently remembered the meaning of the 
presented sentences, but not the particular 
surface realization, and so they had to recon- 
Struct an appropriate surface structure in 
recall. Since the optional-transform sentences 
had been designed explicitly to provide two 
different surface realizations of one underlying 
meaning, Ss were faced with two alternatives 
for expressing the retained meaning of such 
sentences. At the point of reconstructing 4 
particular surface structure, it appears that 
there were fairly strong speech output biases 


or of certain surface forms. The prefer- 


pin f- 

enc--ating task provided an independent 
ass. «ment of these speech output biases and 
thv; was successful in predicting the large 


a: mmetry in the recall data, with the prefer- 
r-d forms recalled correctly more frequently 
taan the nonpreferred forms and the nonpre- 
erred forms showing more frequent shifts to 
the preferred forms than vice versa. A similar 
hypothesis about speech output biases in 
reconstructive recall has been proposed by 
James, Thompson, and Baldwin (1973) to 
account for the recall of active and passive 
sentences, and it seems likely that many other 
studies of sentence recall can be reinterpreted 
to provide additional evidence for the recon- 
structive hypothesis (e.g., Clark & Clark, 1968; 

|... Mehler, 1963). 
Thus, the overall results of this study sup- 
ort Binet and Henri's (1894) reconstructive 
| | ypothesis, except that the phenomenon of 
orbal assimilation does not appear to be re- 
-tricted to children. In the course of recalling 
entences, adults also tend to replace the 
riginal surface structures with surface struc- 
tures more compatible with their own speech 


output system. 
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TR vaL à 


: Transformations of the retinal projection 
- (image) mediate two different types of 
. perceptual effects: perceived depth (e.g., 
_ see Braunstein, 1962b ; Gibson, 1950, 1957) 
- and perceived motion (e.g., see Gibson, 
= 1966, 1968; Kolers, 1972). The present 
y: research is concerned with identifying some 
- of the rules by which this perceptual 

artitioning is effected; i.e., it is concerned 
with identifying some of the elemental 
types of retinal motion, or transformation, 
- which yield percepts of objective depth as 
pposed to objective motion (cf. Johansson, 
4964) The particular type of objective 
motion being investigated here is rotation 
_in depth, a type which has already claimed 
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SIMULATION OF AN OBJECT ROTATING IN DEPTH 
CONSTANT AND REVERSED PROJECTION RATIOS! 


WAYNE A. HERSHBERGER, DAVID L. CARPENTER? 
JAMES STARZEC,‘ AND NELLIE K. LAUGHLIN 


Northern Illinois University 


Observers viewed two types of pseudopolar motion projections (i.e, moving 
pictures) of a row of dots rotating in depth about one end and sweeping through 
limited sectors devoid of previously identified cues to rotation direction. One 
type incorporated a stimulus gradient of displacement /acceleration ratios, with 
the direction of the gradient being opposite to that found in normal polar 
projections which yield veridical impressions of rotation direction. The other 
type had no such gradient. As predicted, the former type yielded illusory 
judgments of rotation direction and the latter yielded judgments of chance 
accuracy; i.e., the dotted line’s momentary orientation in depth (which end 
appeared momentarily nearer the O) was illusory and equivocal, respectively, 
when the displacement /acceleration gradient was reversed and absent. Hence, 
it appears that displacement acceleration gradients in transformations of the 
retinal projection (image) mediate kinetic depth effects, i.e., are perceived as 
objective depth rather than objective motion. 


considerable theoretic attention (cf. \mes, 


1951; Braunstein, 1972). The ele .ntal 
types of retinal transformation be ex- 
amined here are ones that are restric toa 


single dimension of the retinal « ‘ace: 
namely, that retinal dimension vw! ch is 
oriented orthogonal to the imaged ro: o tion- | 
in-depth axis. Each of the various s: 
displays employed here are simulated re- 
tinal projections (motion pictures) con- 
sisting of a row of dots converging to and 
diverging from a stationary dot in a fashion 
yielding an appearance of an object (row of 
dots) rotating in depth (see Figures 2 and 
3). However, the displays differ in their 
power to yield unequivocal judgments of 
rotation direction: The momentary orien- 
tation in depth of the dotted line, i.e. 
which end appears momentarily nearer the 
O, is entirely equivocal in some displays 
but not others. The difference between 
these two types of displays is, hence, an 
elemental type of retinal transformation 
mediating depth perception. 

Observers viewing, upon a frontal screen, 
a row of moving dots converging to or 
diverging from a stationary end dot in a 
manner faithfully simulating rotation in 
depth are able to identify the direction of 
that rotation with an accuracy, corrected 
for response bias, which is significantly 
above the level of chance, providing only 


844 


ulus © 


that the simulated viewing distance is not 
too great, say three times the length of the 
line, so that the motion projection is 
clearly polar as opposed to being parallel 
(Hershberger & Carpenter, 1972; Hersh- 
berger & Urban, 1970a). Further, Hersh- 
berger and Carpenter have shown that this 
is true of partial polar projections (depict- 
ing limited sectors of the circuit of rotation) 
which are devoid of the three cues identified 
by Hershberger and Urban (1970b).5 A 
potential fourth cue which perhaps mediates 
such veridical judgments is the gradient of 
displacement/ acceleration disproportionali- 
ties for the various dots in the polar pro- 
jection of the rotating line. To the degree 
hat this gradient does mediate veridical 
udgments it should be possible to (a) effect 
hance performance by removing the gradi- 
nt. (equating the displacement/accelera- 
don ratios), and (b) effect an ilusory ap- 
oearance of reversed rotation by reversing 
the direction of the gradient of displace- 
ment/ acceleration ratios. The results of 
the four experiments reported here confirm 
these two hypotheses. 

The displacement /' acceleration ratio of 
each dot in the projection is defined, with 
respect to rotation in depth, as the distance 
by which the projected dot is momentarily 
displaced projected stationary 
axis of rotation divided by the second 
ative of that displacement. 
placement/ acceleration ratio may 
ceptualized graphically in terms 0 


Menon cr 

direction, velocity, and 
order, and may be described as follows. Direction: 
Asa dotted line, ing in depth about one of its 


central dots, approaches the frontal plane, the 
both ends of the dotted 


direction, rightward 
Jockwise rotation, and vice versa. 
ch dot moves more 
to right, or 


with the former case signifying counter- 


s These three cues are 


vice Versa, e 
clockwise and the latter clockwise rotation. rder: 
i two dots in the line reach 


their respective imi 1 
the same time, 
fies the direction of rotation. 
dots to the retinal left of the image 
s limit first, then 
ation, an 


one 
vice versa. 


PERCEPTION OF SIMULATED ROTATION, DEPTH, AND MOTION 


845 


motion projections of Figures 2 and 3: 
For a given point on a given curved line, 
the ratio of the curve's amplitude at that — 
point relative to its curvature at that point 
constitutes the displacement /acceleration E. 
ratio at that point. In a parallel projection 
of a dotted line rotating in depth, this ratio 
has an absolute value of 1 for all dots 
throughout the entire circuit of rotation; 
i.e., the momentary acceleration of a pro- 
jected dot is exactly (and inversely) pro- 
portional to its momentary displacement 
from the projected axis of rotation. In a 
polar projection the value of this ratio 
varies for a dot throughout the circuit of 
its rotation, with the ratio generally having 
a value less than 1 during that portion of 
the circuit nearest the projection point 
(O's simulated vantage point) and a 
value greater than 1 during that portion 
of the circuit farthest from the projection | 
point. The range of this variation is 
greater as the radius of the circuit of 
rotation increases, SO that there results à. 
gradient of increasing displacement/accel- 
eration values extending from the end of 
the line momentarily nearer the projection A 
point through that end momentarily most 
distant from the projection point. X 
The displacement acceleration gradient 
reflects the gradient of projection ratios 
(circuit radius/projection distance) em- 
ployed in generating the polar motion pro- 
jection of the various dots comprising the — 
simulated rotating line. By using : 
stant projection ratio rather than à constant 
projection distance, one may generate an — 
artificial polar projection in which the 
displacement /acceleration ratios for all dots — 
on either end of the line are all equal, ie — 
there is no displacement / acceleration gradi- 
This type of projection was U in 
Experiment J to test the hypothesis that @ 
partial polar motion projection devoid of a 
tlisplacement/acceleration gradient would 
yield chance judgments of rotation direc- 
tion. Ina second experiment, as in the 
first, à different projection distance was 
employed in generating the motion pro- 
jection of each dot in the simulated rotating 
line. However, in this case, the projection 


distances Were chosen so as to yield not the 
. 


ent. 


same but a different projection ratio for 
ach dot. The various projection ratios 
used were the same assortment involved 
in generating a simple polar projection, 
but their order was reversed. That is, the 
motion projection of the dot having the 
largest circuit radius was generated using 
the projection ratio normally associated 
with the dot having the smallest circuit 

radius, and vice versa. This was repeated 
: for the dots having the next largest and 
next smallest circuit radii, etc. This type 
of artificial projection has a displacement/ 
acceleration gradient that is reversed from 
normal, and it was used in Experiment II 
to test the hypothesis that a reversed 
- displacement/acceleration gradient would 
ield illusory judgments of rotation direc- 
tion. As in the experiment reported by 
Hershberger and Carpenter (1972), the 
. motion projections used here were partial 
- projections: projections of limited sectors 
-. of the circuit of rotation which are devoid 
of the three cues identified by Hershberger 
and Urban (1970b). 


E EXPERIMENTS I AND II 
2 Method 


Observers. Forty-eight college students enrolled 
in an introductory psychology course earned bonus 
course credit for participating as Os. Half served in 
Experiment I, half in Experiment II. 

Apparatus. The Os viewed monocularly through 
a narrow horizontal slot a vertically moving belt 
upon which were drawn sets of long curved lines 
(see Figure 2). As the belt passed by the aperture, 

. the visible dot-like segments of these lines moved 
- along the horizontal slot, simulating a 11.4-cm. line 
of seven evenly spaced dots rotating in depth about 
a vertical axis passing through one end dot situated 
in the middle of the viewing slot. The curved lines 
of the motion projections were drawn in black ink 
with a 1-mm.-diam. pen point on a belt of translucent 
vellum paper 30.5 cm, wide and approximately 15 m. 
long. The drawing was done by an automated X Y 
plotter from data points generated by a computer 
program. In generating the data points, the pro- 
jection plane was taken as coincident with the axis 
of rotation and normal to a line passing through the 
axis and the various projection points utilized. Six 
different projections were generated for each ex- 
periment: four polar projections, and two parallel 
projections using an infinite projection distance. 
The parallel projections incorporate no stimulus 
information as to rotation direction and served as 
control projections for assessing response bias, The 
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projection distances used in genera 
projections differed for the two expe 
was the only difference between the 

except for the different Os.) For 
polar projections of Experiment !, ih. 
distance was varied for the vario 
projection ratio of circuit radius to («cj 
tance remained a constant value of . 

of the four artificial polar projections « 
II, the projection distance was varied 
different projection ratios, one for 1 
moving dots in the rotating line. th 
radii of the six rotating dots were 11.4, 9.5, 7.6, 
3.8, and 1.9 cm., the six projection ratios 
were .0625, .1250, .1875, .2500, .3125, anı 
respectively. (In a conventional pol 
employing a single projection distanc 
the projection ratios for the six radii in 
would be the above values but in the rev« 
"That is, the artificial polar projections oí 
ment II each have the displacement/acc« eration 
gradient of a 11.4-cm. line of seven eve 
dots rotating in depth about one end 
viewed from a distance of 30 cm., exce; 
direction of the gradient is reversed.) > roughl 
equate the size of the near- and far-sect j 
tions, the former were amplified by a third r 


Sin 


tivi 


to the latter, (Hershberger and Urban, 1970a, tavi 
shown that the important feature of such | tiong 
is their shape, not their size.) 

Each of the projections in both experi m as aj 
partial projection in the sense that it represented 
the dotted line only as it swept through ited 
sector of the full circuit of rotation—spe« ically, 
sectors devoid of the three cues identified by Hersh- 
berger and Urban (1970b). The two parallel pros 


jections used in each experiment (parallel, le't and 
right) represented, respectively, only Sectors FAD 
and F’AD in Figure 1;, One pair of polar proje“ tions 
used in each experiment (polar far sectors, left and 
right) was simply the polar analogue of the corre-} 
sponding control projection. The other pair (polar 
near sectors, left and right) represented the dotted 
line as it swept through 45° sectors extending clock? 
wise and counterclockwise, respectively, from Line 
PA in Figure 1. Each partial projection of the 
dotted line sweeping through a particular sector was 
generated eight times, and these eight partial pro- 
jections were arranged in a series to represent a com- 
posite sequence of eight lines of seven dots each 
successively rotating in depth about one end dot 
situated in the middle of the viewing slot. And, for 
the first and second members of each pair of com- 
Posite projections, the dots appeared, respectively, 
to O's left and to O's right of the axis of rotation. 
The length of each composite projection as drawll 
on the paper belt was 203.2 cm. 

Once the projections had been recorded, the paper 
belt was mounted as a scroll onto two horizont 
spools, one mounted above the other, inside a large; 
black metal box. The belt, which could be reeled 
from one spool to the other either up or down at à 
constant speed of 304.8 cm /min, passed immediate! 
behind one side of the enclosure in which was c 
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FIGURE 1. An overhead view depicting the viewing position of an observer 
(O) and a row of seven dots pivoting in depth about one end situated at A and 


a horizontal slot .4 mm. high and 29.2 cm. long. 
The O viewed the stimulus displays via this slot. 
A 30.5-cm.-long, 14-w. fluorescent tube, aligned 
parallel to and 1.27 cm. behind the slot, illuminated 
the paper belt from the rear. The luminance of the 
vhite paper and the black lines drawn upon it were 
approximately 700 and 240 mL., respectively. The 
'elt was scanned at a uniform speed of 304.8 
m/min, simulating rotational speeds (of the dotted 
ine) of 1.5 and 3 rpm for the near- and far-sector 
»rojections, respectively. The rotational velocity 
of the far-sector projections was doubled inten- 
ionally to equate simulated retinal (projected) 
velocity for the two types of projections; i.e., the 
displacement of the projected dots for a 45? rotation 
in the polar near-sector projections was comparable 
to that for a 90? rotation in the polar far-sector and 
parallel projections. 

Procedure. Within each experiment, each O, 
tested individually, observed all six projections 
monocularly from a distance of 61 cm. Each of the 
three types of projections (parallel, polar far, and 
polar near) was presented to O eight consecutive 
times, four using the right (R) sector projection and 
four using the left (L) sector projection, with two 
of each of these trials simulating counterclockwise 
(CCW) and the other two clockwise (CW) rotation. 
Half of the Os viewed them in the counterbalanced 
order LCW, LCCW, RCCW, RCW, RCCW, RCW, 
LCW, LCCW, and half in the order RCCW, RCW, 
LCW, LCCW, LCW, LCCW, RCCW, RCW. The 
three blocks of trials, one block for each of the three 
pairs of projections, were presented in all possible 
orders (six), with four Os assigned randomly to each. 

During each trial O used a rotary switch to con- 
tinuously indicate the direction of apparent rotation. 
He released the switch only when he was uncertain. 


: 


sweeping through one of four possible sectors: two 90? sectors—far sector, 
left (FS-L) and far sector, right (FS-R); and two 45? sectors—near sector, 
left (NS-L) and near sector, right (NS-R). 


Each trial lasted 40 sec. The intertrial interval was 
on the order of 5 sec., and the interblock interval 
about 90 sec. 


Results and Discussion 


The results of Experiments I and II are 
summarized in.Table 1, which shows for 
each experiment the means and standard 
deviations of the durations (in seconds) of 
clockwise and counterclockwise judgments 
for leftward and rightward retinal motions 
for each of the three partial projections: 
parallel, polar far sector, and polar near 
sector. The table includes means for the 
raw data and the raw data corrected for 
response bias, as described below. 

In the partial projections used here, direc- 
tion of simulated rotation is correlated with 
direction of retinal motion: For the far- 
sector projections, clockwise rotation is 
always right to left motion across the 
stationary retina (left to right across the 
visual field) ; and counterclockwise rotation 
is left to right retinal motion. For the 
near-sector projections the reverse is true. 
Consequently, any response bias or ten- 
dency on the part of O to interpret a par- — 
ticular retinal direction as signifying a 
particular rotational direction would arti- - 
ficially inflate the.veridicality of O's judg- 


TABLE 1 


Experiments I AND IL: MEANS AND STANDARD 
DEVIATIONS OF THE DURATION (IN SEC.) OF 
CLockwisE (CW) AND COUNTERCLOCKWISE 

(CCW) JUDGMENTS FOR LEFTWARD AND 
RIGHTWARD RETINAL MOTIONS FOR 
^ EacH or THREE PROJECTIONS 


Type of projection ratio 
Direction of retinal Constant. Reversed 
(and rotational) motion | (Experiment I) | (Experiment II) 
Cw CCW cw CCW 
Parallel projection 

Right to left 4.79 | 20.47 10.46 22.92 
(12.97) | (13.00) | (8.62) (10.43) 

Left to right 18.92 6.32. 18.88 15.89 
(10.19) | (10,69) | (10.75) | (9.92) 

Polar far-sector projection 
" Right to left (CW) 11.65 | 21.79 8.11 25.78 
: —3.14 1,32 | —2-35 2.86 
(11.54) | (11.94) | (7.89) |. (9.15) 
Left to right (CCW) 17.97 15.53 22.33 11.18 
2:05 —79 6.44 | —7.70. 
(12:20) | (10.99) | (11.03) | (10.51) 
Polar near-sector projection. 

Left to right (CW) 20.77 13.27 12.23 | 21.89 
1.85 | —3.05 | —3.66 3.01. 
3 (12.82) | (11.39) | (9.97) | (10.48) 
Right to left (CCW) 11.73 12.56 19.76 13.82 
—3.06 2.09 9.30 | —9.10 
(10.65) | (11.71) | (11.35) | (12.02) 


means for the parallel projection are taken as a measure of 

response bias which, when subtracted from the corresponding 
< means for the polar projections, yield the corrected means 
- printed in italics. In Experiment TI all the resulting residuals 
deviate from response bias in an illusory direction; i.e., a 
veridical residual of negative duration represents the duration 
by which veridical response bias was reduced or offset by a 
tendency for illusory perception of rotation direction. 


' 3 
© Nole, Standard deviations are shown in parentheses, The 
Ke 


ments of either the near-sector or far-sector 
polar projections, while deflating the veridi- 
cality of his judgments of the other. 
Further, since these effects, although oppo- 
- site, are not necessarily equal, they cannot 
be expected to cancel one another in any 
- combination of the near-sector and far- 
sector judgments. It is necessary to 
actually measure response bias and sub- 
tract it from the data. The parallel pro- 
jections were used for this purpose. Al- 
though they incorporated no information 
as to direction of rotation, they did yield 
impressions of rotation in depth (cf. 
Braunstein, 1966; Hershberger & Carpen- 
ter, 1972) such that Os found little diffi- 
culty in making judgments of apparent 
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rotation. For the Os of Experiment I, 
the mean judged durations per trial of 
apparent clockwise and counterclockwis« 
rotation yielded by the parallel projections 
were, respectively, 14.79 and 20.47 sec. fo 
leftward retinal motion (rightward in th: 
visual field), and 16.32 and 18.92 sec. fo 
rightward retinal motion. The corresponc 
ing means for the Os of Experiment II we: 
10.46, 22.92, 15.89, and 18.88 sec. It is 

if O is predisposed to see the axis of ro! 
tion as being situated on the far end oí 
rotating line. This response bias artifici: 
inflates and deflates, respectively, 
veridicality of the near-sector and far-sec or 
judgments. To control for this respo 
bias, four means of the type just descri! 
were computed for each O and in turn : 
tracted from his corresponding means lor 
the two types of polar projections. 1 
these corrected data; the difference betw 
mean duration of veridical and illus 
judgments was computed for each O lor 
both the near-sector and far-sector po! r 
projections. If Os were guessing, th: 
difference scores for both types of p 
jection should equal zero on the aver 
They do in Experiment I (no displacem 
acceleration gradient), but do not in Ex: i- 
ment II (reversed gradient). In Experi- 
ment I the mean differences for the '»r- 
sector and near-sector projections were 
—2.32 sec. (SD = 12.89) and 5.52 
(SD = 14.47), respectively. Neither is 
significantly different from zero, / í 23) 
= — .88, p > .2, and t (23) = 1.87, p > 
.05, respectively. In Experiment ll the 
mean differences for the far-sector and 
near-sector projections were —19.35 (SD 
=20.46) and —25.06 (SD = 28.19), re- 
spectively. Both are significantly less than 
zero, t (23) = —4.63, p < .001, and £ (23) 
= —4.36, p < .001, respectively. The 
two means do not differ significantly from 
each other, ż (46) = .83, p > .40. 

These results of Experiments I and II, 
along with the findings of Hershberger and 
Carpenter (1972), all involving partial 
projections devoid of the three cues identi- 
fied by Hershberger and Urban (1970b), 
strongly suggest that the displacement/ 
acceleration gradient is a fourth cue medi- 


ec. 


NORMAL 


FIGURE 2. 


ating the perceived direction of rotation in 
depth. That is, the normal displacement/ 
acceleration gradient yields veridical judg- 
ments (Hershberger & Carpenter, 1972); 
. no gradient yields chance performance (Ex- 
periment I); anda reversed gradient yields 
illusory, or reversed, judgments of rotation 
direction (Experiment ID. However, the 
partial projections which incorporate the 
displacement/ ‘acceleration gradient (normal 
or reversed) incorporate another type of 
e'imulus gradient as well, and one generally 
r ygnized as mediating perceived depth 
(Gibson, 1950): namely, a texture gradient. 
This becomes apparent from an inspection 
of Figure 2 showing the three types of polar 
motion projections (normal, constant ratio, 
and reversed ratio), each representing à 
dotted line sweeping once through the 45° 
sector labeled NS-L (near sector, left) 


To "read" each motion projection in 
Figure 2, imagine viewing it through a 
narrow slot in à reduction screen oriented 
with the slot parallel to these lines of type 
ànd scanning the projection from bottom 
to top (or vice versa) by sliding the reduc- 
tion screen up (or down) across the page- 


PERCEPTION OF SIMULATED ROTATION, DEPTH, AND MOTION 


CONSTANT 


Normal, constant-ratio, 
of an “object” line of seven dots rotating in depth through a 45? sector, Sector 


REVERSED 


and reversed-ratio polar projections 


Near-Left of Figure 1. (To “read” each motion projection, imagine viewing 
it through a narrow slot in a reduction screen oriented with the slot parallel 
to these lines of type and scanning the projection from bottom to top [or 
vice versa] by sliding the reduction screen up [or down] across the page.) 


Stopping the reduction screen at any point 
and viewing the static display, it can be 
seen that the normal and reversed-ratio 


projections incorporate veridical and illu- - 


sory texture gradients, respectively, whereas 
the constant-ratio projection is devoid of 
either. Although it is perhaps conceivable 
that these static texture gradients alone 
account for the experimental results sum- 
marized above, it does not appear probable. 
For, if static texture gradients were the 
sole factor responsible for these results, one 
could expect to find a marked difference 
between the near and far sectors, for the 
texture gradients are much more salient 
for the near sectors. No such significant 
differences were found, either here or by 
Hershberger and Carpenter (1972). Never- 
theless, it was decided to repeat Experi- 
ments I and II using projections devoid 
of these gradients. The texture gradient 
in the reversed-ratio projection of Figure 2 
is the result of simulating an “object” line 
having a constant interdot interstice. 
Conversely, by varying the size of the in- 
terstices in the object line it is possible to 
get reversed-ratio projections devoid of 
this gradient. Four such variable-inter- 
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- Ficure 3. A reversed-ratio polar projection of 
one of the four variable-interstice "object" lines of 
Experiment IV rotating through a 90° sector, 
"Sector Near-Left plus Near-Right of Figure 1. 


"read" in the same manner as that in Figure 2, is 
devoid of the static texture gradient inherent in the 
reversed-ratio projection of Figure 2.) 


stice object lines (e.g., see Figure 3) were 
used in Experiments III and IV in an 
attempt to replicate the results of Experi- 
ments I and II. 


EXPERIMENTS III AND IV 
E- 

- Method 

te 

3 2 Observers. Ninety-six college students enrolled 
in an introductory psychology course earned bonus 
course credit for participating as Os. Half served in 
Experiment III, half in Experiment IV. 

Apparatus. The stimulus displays were pre- 
‘sented on the face of a cathode ray tube (VR-14) 
driven by a remote digital computer (PDP-12), both 
-manufactured by Digital Equipment Corporation. 
Each display represented a horizontal row of seven 
dots rotating in depth about a stationary end dot 
- (one of the seven) situated in the center of the 
-— cathode-ray tube (CRT) screen. Each dot measured 
- approximately .5 mm. in diameter and approxi- 
» mately 10 mL. in luminance. The remainder of the 
screen was dark, i.e., did not luminesce. 

The several rotating objects being simulated (one 
- at a time) in Experiments III and IV were of two 
_ types: (a) a single line of seven dots with a constant 
- interdot interstice of 1.74 cm., and (b) four different 
seven-dot lines, each with variable interdot inter- 
stices, each interstice being randomly sampled from 
a population having a mean of 1.74 cm. The partial 
projections were generated in a fashion analogous to 
that used in Experiments I and II, with the following 
exceptions: For;both the "far" and “near” sectors 
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of the circuit of rotation alike, the left and right 
sector halves were combined to yield three displays: 
polar near 90°, polar far 180°, and parailel 1£9°, 


corresponding, respectively, to Sectors Near-! -ft 
plus Near-Right, Far-Left plus Far-Right, -nd 
Far-Left plus Far-Right, as shown in Figuic 1. 
Further, during each presentation (trial) the 1- 
lated dotted line swept through its 90° or 180° «« ior 
only four times, beginning at one border and « ig 
at the other. Furthermore, each presentat of 
four sweeps lasted 14.4 sec., representing r y 
speeds of 4.1 and 8.2 rpm for the near- and fa: r 


projections, respectively. To prevent ap 
motion between the end of one sweep 
beginning of the next, a .5-sec. time-out wa fe 
polated between successive sweeps. Each p 


of a dotted line through a sector of either or 
180° was represented in computer core by a s of 
361 “picture frames" which were display. in 
sequence at .01-sec, intervals; hence, the di ys 
did not flicker and the apparent motion ap) red 
continuous. Finally, all the projections were vn 
to the same scale. 

To control for contaminating depth cues su as 
might be provided by binocular and accomm: ve 


vergence, the Os viewed the CRT display not à 
but by means of its virtual image situated at i: 
That is, O looked binocularly through « 
diameter (45-cm.) collimator at a real image he 
CRT display rear projected upon a screen (P< at 
Lenscreen: LS 60 PL U 1) situated in the first | cal 


à e- 


plane of the collimator. The collimator con- -ied 
of a coaxial pair of identical acrylic plano-« vex 
lenses, arranged as in a Ramsden eyepiece; «ich 
lens had a diameter of 45 cm. and a focal le: of 
90 cm. (The lenses were made by Allied Pro: ucts 
Corp. Horsham, Pennsylvania.) The real vage 
of the CRT display appearing on the Lens reen 
was a projection of the light from the CRT efivcted 
by means of a wide-angle Metrogon Lens (//3.5; 
FL: 15.24 cm.) situated between the Lenscrec:! and 


the CRT 25.4 cm. from the CRT and 38.1 cm. from 
the Lenscreen. The circular boundary of the Len- 
screen (45 cm.) was made visible by also flooding 
the entire Lenscreen with dim incandescent light. 
The luminance of the Lenscreen background and 
the stimulus dots were approximately .01 and .! mL., 
respectively. The apparatus was used in a darkened 
room. 

Procedure. Constant projection ratio displays 
were used in Experiment III. Reversed projection 
ratio displays were used in Experiment IV. Each 
experiment consisted of 72 trials, with each O getting 
24 trials with a partial projection of a particular 
type (polar near 90°, polar far 180°, or parallel 180°) 
before proceeding to another type. Within each 
experiment, the three types were presented in all 
possible orders (six) with one sixth of the Os (8) 
randomly assigned to each order. Each of these 8 
Os was assigned a particular trial sequence which 
he received for all three projection types: Four Os 
in each of these sets of 8 Os got 8 trials with the 
equal-interstice line first, followed by 4 trials with 
each of the four variable-interstice lines (16 trials). 


S 


B 


. TABLE 2 


EXPERIMENT III (Constant PROJECTION RATIOS): 
MEANS AND STANDARD DEVIATIONS OF THE 
DURATION (IN sec.) or CLocKwisE (CW) 

AND COUNTERCLOCKWISE (CCW) Jupo- 
MENTS FOR LEFTWARD AND RIGHT- 
WARD RETINAL MOTIONS FOR EACH 

or THREE PROJECTIONS oF EACH 
or Two TYPES OF 
OBJECT LINES 


Type of line 
pe D Ee n E 
Direction of retinal Constant Variable 
(and rotational) motion interstice interstice 
cw ccw | CW CCW 
Parallel 180° 
Right to left 3.24 1.73 3.47 7.90. 
(4.96) | (5.77) | (5.06) | (5.68) 
Left to right 6.56 4.64 7.93 3.79 
(6.04) | (5.59) | (5.87) (5.49) 
Polar far 180* 
Right to left (CW) 3.67 1.63 3.49 7.55 
(5.47) | (5.78) | G.3D | (5-73) 
Left to right (CCW) 7.11 4.46 6.67 4.67. 
(6.08) | (5.70) | (6.05) (5.71) 
Polar near 90* 
Left to right (CW) 6.85 4.35 7.22 4,09. 
(6.08) | (5.64) | (5.77) (5.50) 
Right to left (CCW) 3.57 7.61 3.45 7.61 
(5.39) | (5.66) | (5.08) | (5.60) 


Note. Standard deviations are shown in parentheses. 


The other 4 Os got the 16 trials with the variable- 
interstice lines first and the 8 trials with the constant- 
interstice line last. The order of presentation of the 
four variable-interstice lines was randomized for 
each O for each projection type (polar near 90°, etc.). 
Half of the trials with each of the five object lines 
‘simulated clockwise rotation, and half counter- 
clockwise rotation. Two of the Os in each of the 
‘aforementioned sets of 4 got the 8 trials with the 
constant-interstice line in the order CW, CCW, 
.CCW, CW, CCW, CW, CW, CCW, and the 16 trials 

. with the variable-interstice lines in the order CW, 
CCW, CCW, CW; CCW, CW, CW, CCW; CCW, 
cw, CW, CCW; CW, CCW, CCW, CW. The 
other 2 Os in each set of 4 got them in the comple- 
mentary orders. 

Each O, tested individually, used a crank to 
continuously indicate the direction of apparent 
rotation. He released the switch only when he was 
uncertain. A 1-sec. "ready" light preceded each 
trial by .5 sec. The ready light was a single hori- 
zontal line drawn the width of the CRT at the place 
where the stimulus display would subsequently 
appear. Each trial lasted 14.4 sec. Anexperimental 
session lasted about 45 min. 


PERCEPTION OF SIMULATED ROTATION, DEPTH, AND MOTION 


Resulis and Discussion 


The results of Experiments III and IV 
are summarized in Tables 2 and 3, re- 
spectively. In computing the means for 
Tables 2 and 3, the means for the various 
variable-interstice lines were averaged to- 
gether. (In Experiment III the parallel 
180° projection of variable-interstice line 
No. 1 was mistakenly presented to the Os 
as the polar near 90° as well as the parallel 
180° projection; hence, all data with this 
line were discarded in computing the means 
for Experiment III). Using the tabled 
means for the parallel projections as a mea- 
sure of response bias, the remaining data 
for each experiment may be corrected in 
the manner described above for Experi- 
ments I and II. This was done separately 
for each individual O, and using these cor- 
rected data, the difference between mean 


TABLE 3 


EXPERIMENT IV (REVERSED PROJECTION Ratios): 
MEANS AND STANDARD DEVIATIONS OF THE 
Duration (IN sec.) or CLockwisz (CW) 

AND COUNTERCLOCKWISE (CCW) JUupo- 
MENTS FOR LEFTWARD AND RIGHT- 
WARD RETINAL MOTIONS FOR EACH 

or THREE PROJECTIONS or EACH 
or Two TvPEs OF 
OBJECT LINES 


Type of line 
(Pies Ver A SOS A 

Direction of retinal Constant Variable 

(and rotational) motion interstice interstice 
cw ccw | CW ccw 

Parallel 180° 

Right to left 4.37 6.61 3.62. 7.32 
(5.28) | (5.57) | (4.83) | (5.2) 
Left to right. 5.35 5,65 5.87 5.35 
(5.32) | (5.40) | (5.47) (5.53) 


Polar far 180° 


Right to left (CW) 3.59 7.28 3.11 7.98 
(4.70) | (5.55) | (4.63) (5.39) 

Left to right (CCW) 6.26 4.78 7.07 4,09. 
(5.68) | (5.44) | (5.53) (5.33) 

Polar near 90° 

Left to right (CW) 3.91 7.37 5.12 6.28 
(5.22) | (5.59) | (5.51) | (5.77) 

Right to left (CCW) 5.93 09 4.89 6.44 
(5.52) | (5.55) | (5.40) | (5.68) 


Note, Standard deviations are shown in parentheses, 


TABLE 4 


MEANS AND SrANDARD DEVIATIONS OF THE 
DIFFERENCE SCORES (VERIDICAL-MINUS 
ILLUSORY-JUDGMENT DURATIONS) COM- 

PUTED WITH THE CORRECTED DATA 
FROM EXPERIMENTS II AND IV 
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Type of projection 
Type of object line 


Polar near 90° Polar far 180° 


Experiment III: Constant projection ratios 


Constant interstice 


3 07 2 
Variable interstice 


—.52 (3.74) 


| -00 (6.04) 
1.11 (4.33) 


Experiment IV: Reversed projection ratios 


— Constant interstice 


—3.08 (S.80)*** 
. Variable interstice 


—1,92 & 17)** 


—1.66 652 
—1.83 (5.65)* 


Note. Standard deviations are shown in parentheses. Sta- 
tistical significance was assessed using Student's £ 
* Significantly different from zero, p < .05. 
** Significantly different from zero, p < .01. 
*** Significantly different from zero, p < .001, 


each of the two types of object lines. The 
means and the standard deviations of these 
difference scores for both experiments are 
hown in Table 4. 

__ None of the four means from Experiment 
= II utilizing constant-ratio projections is 
- significantly different from zero. In fact, 
— the means for the constant-interstice line 
are themselves zero to the first decimal 
lace. In contrast, all four of the means 
Írom Experiment IV, utilizing reversed 
_ Projection ratios, are significantly less than 
zero. Further, none is significantly different 
- from any other, / < 1.05, p> .20. 

In all, the results of Experiments III and 
IV closely parallel those of Experiments 
-land IL. (The means in Tables 2 and 3 
are about one third the corresponding 
values of Table 1, for the trial length for 
Experiments III and IV was about one 
third that used in Experiments I and II.) 
"It is noteworthy that the results of Experi- 
ments ITI and IV replicate those of Experi- 
ments I and II despite the different 
methods employed in the two Pairs of ex- 
periments: In the latter two experiments 
Os viewed binocularly the apparent motion 
of the virtual image at infinity of bright 


dots on a dark background, whereas Os in 
the former two experiments viewed monoc- 
ularly the real image of dark dot; actually. 
moving nearby across a bright ba ckground, 


More important, the results . Experi- 
ments I and II are replicable usi projec- 
tions devoid of static texture gra ts, Ley 
reversed-ratio projections of vari. -inter 
stice object lines. Hence, th ;place- 


ment/acceleration gradient appcors des 


finitely to mediate a kinetic de: effect 
(Wallach & O'Connell, 1953). is, it 
apears that displacement/acceler n gra- 
dients in transformations of ti etinal 
projection are perceived as object lepth 
rather than objective motion. rther, 
since the projections of the varia! .- and 
constant-interstice object lines yiel | com- 
parable effects (i.e, they were no: -ivnifi- 
cantly different) it appears not o that 
the static texture gradients co bute 
little or nothing to an appearance c: -lepth 
beyond that provided by the displac. -:ent/ 
acceleration gradient, but that the d: viace- 
ment/acceleration gradient is fui uffi- 
cient, as well as necessary, for me. ating 
this kinetic depth effect. Thus, dis- 
placement/acceleration gradient, as edi- 
ator of perceived depth, appears ele ..-ntal 
in the primal as well as the cons tive 
sense of the term. 
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improved retention of input mode but depressed recognition. performance. 
Allocating attention to input mode thus appears to result in diminished 
attention to semantic aspects of words. When case and color were uncor- 
related with taxonomic category, memory for mode of input dropped to 


1972; Hintzman, Block, & Inskeep, 1972; 
Madigan & Doherty, 1972). The Ss are 
within-modality dis- 
criminations in memory. In the visual 
modality, Ss can remember whether items 
are input as pictures or as labels (Kaplan, 
Kaplan, & Sampson, 1968; Light, Stans- 
bury, Rubin, & Linde, 1973), can keep 
track of type style of printed words 
— (Hintzman et al, 1972), and can retain 
information about the orientation of pic- 
torial materials (Frost, 1972; Standing, 
Conezio, & Haber, 1970). Within the 
auditory modality, Ss can remember which 
items are spoken in a male voice and which 
are spoken in a female voice (Hintzman 
et al., 1972; Light et al., 1973). 
Although our intuition that we remember 
a great deal more about the objects we 
encounter in the course of our daily activi- 
ties than just their names or meanings is 
pe areas 
"Thanks are due to Michael Guerra, Diana 
Saunders, and Sara Schurr for assistance in data 
collection and analysis. Glenn Richmond helped 
in the Preparation of materials for Experiment I. 
This research was Supported by a grant from the 
Pitzer College Research and Development Fund and 
by the Psychology Department of Claremont 
Graduate School, 
? Request for reprints should be sent to Leah L. 
ight, Department of Psychology, Pitzer College, 
"laremont, California 91711. 


thus supported by considerable lal ory 
evidence, a number of questions al our 
ability to remember incidental as; of 
input remain unanswered. One ar hat 
needs clarification is whether in tal 
memory for nonsemantic word ati ites 
is an automatic process or whetlx 18 
under § control. The question of Auto- 
maticity of attribute memory was ap- 
Proached in several different ways the 
experiments described here. 

First, if word attributes are stored ...:to- 
matically, then Special instructions at- 
tend to them should not be necessar for 
remembering them. Bray and Batchelder 
(1972) found no effect of instructi to 
attend to input modality on later modality 
judgments. However, Light et al. (i 73) 


found a borderline effect of instructions on 
memory for sex of speaker, and Postman, 
Adams, and Bohm (1956) reported im- 
Proved retention of item order when Ss 
were forewarned of an impending test on 
this attribute. To make the picture even 
more confusing, Schulman (1973) found 
that retention of a location attribute was 
Worse under intentional than under inci- 
dental learning conditions, though the 
difference was significant only at the .10 
level. In Experiment I of the present series, 
‘Ss were either informed at the outset of the 
experiment that they would be required 
to retain information about the type case 
and color of words presented to them, or 
were given no advance information about 
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the relevance of attribute retention to any 
liter memory task. s 
Second, if storage of word attributes is 
automatic, it should not require realloca- 
tic: of attention (Kahneman, 1973) from 
mening to physical properties of words. 
ı recall and recognition performance are 
kaown to be impaired when Ss are required 
ngage in tasks during list presentation 

t result in lessened attention to semantic 
isoects of words (e.g, Elias & Perfetti, 
1973; Hyde & Jenkins, 1969; Light & 

Sefhorst, 1971). If reallocation of atten- 
| is necessitated by instructions to re- 
nber word attributes, the performance 
nformed Ss on recall or recognition 

os should be poorer than that of unin- 
ned Ss. Evidence on this point is mixed. 

Eray and Batchelder (1972) found poorer 

recall performance for their intentional con- 
ditions than for their incidental conditions, 
; did Madigan and Doherty (1972); un- 
tunately, the design of the Madigan and 
sherty experiment does not permit a de- 

-mination of whether the reduced per- 

ormance of the informed condition is due 
io reallocation of attention or to output 
interference since only the informed Ss 
formed a modality judgment task. 
ht et al. (1973) found no effect of in- 
uctions on recognition, while Schulman 

573) found that word recognition was 

;paired for Ss instructed to attend to 
word location, In Experiment I of the 
present series, the effect of instructions to 
attend to word attributes on recognition 
performance was investigated. 

Third, if attribute storage is an automatic 
process, the nature of the materials studied 
should not affect memory for mode of input. 
Licht et al. (1973) found that retention of 

; picture vs. label discrimination was not 

i/ferent for unrelated words and for cate- 
gorized words, either when input modality 
was redundant with taxonomic category Or 
when it was not redundant with taxonomic 

category. However, in that experiment a 

within-Ss design was employed and Ss may 
not have noticed the presence of cate- 
gorical relationships among some list items. 

Also, the level of performance on the 

picture-label discrimination was so high 
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that ceiling effects cannot be ruled out as an 
explanation for the absence of any effect of 
taxonomic redundancy. In Experiment H 
of the present study half of the Ss studied 
a list of words in which taxonomic category 
was redundant with type size and color so 
that, for instance, all "fruits" appeared in 
small red letters and all "sports" appeared 
in capital green letters. For other Ss, 
taxonomic category and physical attributes 
were not redundant; no-two members of the 
same category were presented in the same 
case-color combination. If attribute stor- 
age is automatic there should be no differ- 
ence in memory for mode of input as a 
function of redundancy. 


EXPERIMENT I 
Method 


Design. The design was a 2X2 factorial combina- 
tion of instructions and replications. Half of the Ss 
were explicitly instructed to attend to the color and 
case of the words they studied and were told of the 
forthcoming modality judgment task, while the 
remaining half of the Ss received no advance infor- 
mation about the modality judgment task. Half 
of the Ss in each instruction condition were tested 
in the fall semester of the 1972-73 academic year 
and half were tested in the spring semester. 

Materials. All Ss studied the same list of 24 
common one- and two-syllable nouns of Paivio, 
Yuille, and Madigan's (1968) high-imagery value 
(greater than 5,5). Words were presented on 3 X 5 
in, white note cards, For a given S 6 of the 24 
words appeared in each of the four combinatiors 
generated by factorially varying type case (upper- 
and lowercase) and color (red and black), Four 
versions of the input list were prepared so that all 
words appeared in all four case-color combinations; 
the four versions of the list were used equally often 
in the four experimental conditions. Within each 
list successive blocks of four items contained 1 word 
in each case-color combination. An additional 24 
words drawn from the same source served as dis- 
tractors on the recognition test. 

For the modality judgment task each word was 
typed in all four corners of a single 3 X 5 in. white 
note card, once in each case-color combination. 
Location of particular case-color combinations on 
the test cards varied from word to word. 

Subjects. The 48 Ss were students enrolled in in- 
troductory psychology classes at Pitzer College for 
whom participation in experiments was a course 
requirement. Twenty-four Ss were assigned to each 
of the two instruction conditions. There were equal 
proportions of males and females in each experi- 
mental condition. All Ss were tested individually. 

Procedure. Those Ss who served in the "in- 
formed” condition were shown a note card with a 


e auc et 


3 


E 


X- _ single word typed in all four case-color combinations 
and were instructed that they would be tested not 
_ Only on the meanings of the words they were about 


—.. to see but also on the case and color in which a word 
was presented. The Ss in the “uninformed” condi- 
tion were simply told to pay careful attention to the 
the words as they were presented since a memory 
test would follow. The study list was then presented 
at a 5 sec/item rate. 

A yes—no recognition test was administered im- 
mediately after presentation of the to-be-remem- 
bered list. The E read aloud each of the 48 test 
words and S responded orally OLD or NEW to indicate 


1 _the status of each word. Following each old word, 


regardless of whether it 
Sor not, E displayed a 
case-color combinations 


was correctly identified by 
card with the four possible 
for that word and S gave 
à modality judgment by pointing to one of the four 
alternatives, This procedure permitted an analysis 
of modality judgments for items which were correctly 
recognized and for those which were not recognized 
correctly. Subjects also rated confidence of their 


= responses on a 9-point scale for old-new judgments 


and for modality judgments. These confidence 
. ratings were not analyzed and will not be discussed 
further, 


S Results 


- Recognition. Table 1 presents mean pro- 
. portions of hits (correct old judgments) and 
false alarms (incorrect old judgments) and 
mean d's for the two instruction condi- 
— tions. A two-way analysis of variance 


. indicated neither significant main effects of 


instructions (F < 1) or replications, F (1, 
44) = 238, p > -05, nor a significant in- 
teraction between these two factors, F (1, 
44) = 2.06, p > :05, for proportion of hits. 
The picture for false alarms is considerably 
different however. The uninformed Ss 
made significantly fewer false alarms than 
did the informed Ss, F (1, 44) = 13.13, 
p< .001. A significant, though inexpli- 
main effect of replications was also 
, F (1, 44) = 10.28, p < .01, though 
the interaction between these two variables 
was not significant, F (1, 44) = 3.58. 
When the d's Were analyzed, the effect of 
instructions was again significant, F (1, 44) 
= 7.67, p < -01, as was the replications 
effect, F (1, 44) = 6.63, p < .05, while the 
interaction was not significant (F< 1). 
These results support the hypothesis that 
Instructing Ss to remember type case and 
color requires reallocation of attention from 
semantic to physical Properties of words 
with a consequent decline in performance 
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TABLE 1 
EXPERIMENT I: RECOGNITION AND ALITY 
JUDGMENTS 
P: rtion 
Recognition task | co odality 
pee given 

Conditions TUE | 5 E. 

Propor- | "tion | Mean | C^ reb. 
mits | itis | | ni. | Se 
Informed 

M 85 14 | 2.45 28 

SD l1 A3 .97 29 
Uninformed | 

M 87 05 3.17 28 

SD A3 06 93 28 
on memory tasks that are pri: y de- 
pendent on semantic analysis. 

Modality judgments. Modai judg- 
ments were conditionalized on . ct or 
incorrect item recognition (see | ' 1 for 
means). For correctly recogniz: ems a 
two-way analysis of variance reve d that 
instructions to attend to case ar or im- 
proved retention of these attrib F (1, 
44) = 14.96, p < .001. No o: flects 
were significant in this analysis. vever, 
both experimental groups wer le to 
identify above chance (.25) the de of 
presentation for items that were rectly 
recognized : (23) = 8.05, p < .001, for the 
informed Ss and 1 (23) = 6.46, » < .001, 
for the uninformed Ss. 

When modality judgments for items that 
were not recognized correctly were ex- 
amined, no effects were significant in the 


analysis of variance, all Fs < 1. Also, the 
hypothesis that the population value of the 
Proportion of correct modality judgments 
is at chance (.25) cannot be rejected for 
either experimental condition (both ts < 1). 
This pattern of results Suggests that re- 
trieval of information about mode of input 
is dependent on semantic recognition. Only 
if a word can be recognized as previously 
Presented can information about mode of 
input be located in. memory. 

It may be noted that in this study Ss 
were tested on two word attributes. Table 
2 gives the distribution of the four response 
Categories for words that were correctly 
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TABLE 2 


Experiment I: Mopatiry Jupoments (MJ) As ^ 
Function OF INPUT MODE CONDITIONALIZED ON 
Correct RECOGNITION 


Responses for un- 


Responses for in- 
informed condition 


formed condition 


Input mode 
R|r|B|b|R|r|B b 
R .64 | .06 | .20 | 11 | .3£ | 18 | .30 | .21 
r 109 | .60 | .08 | .22 | .09 | .32 | .13 46 
B 119 |.05 | .63 | 13 | 14 | .12 | .49 | -25 
b .09 | 11 | .07 | .72 | .09 | .17 | .16 | 58 
Mean FA rate 112 | .07 | 12 | -15 | -11 | -15 |..20 | .31 

Corrected MJ 
proportion .59 | .57 | .58 | .67 | .22 | .20 | .36 | .39 


Nole. Entries in italics are conditional proportion correct 
modality judgments. Abbreviations: R, uppercase red ; r, lower- 
case red; B, uppercase black; b, lowercase black; FA, false 
alarm; MJ, modality judgment. 


recognized. The entries in this table were 
obtained by computing proportions for each 
S and taking means for each cell so that all 
Ss in each instruction condition contributed 
equally to each entry. Entries in italics 
are conditional proportion correct modality 
judgments. There is a quite strong bias 
toward responding “b” (lowercase black) 
for both conditions. The false alarm rates 
tabled here were established for each re- 
sponse category by averaging the error 
rates in each column. True proportions of 
within-modality discriminations which were 
retained in memory were then estimated 
by using the standard correction for guess- 
ing, [P (hits) — P (false alarms) ]/[1 —P 
(false alarms) ], for each input category. 
For the informed group the mean of these 
true scores is .60, while for the uninformed 
group it is about .29. Performance on the 
two-attribute task used here compares 
quite favorably with the .18 value re- 
ported by Hintzman et al. (1972) for in- 
cidental memory of type style, a single 
visual attribute. 


Discussion 


The results of this experiment are in accord 
with the hypothesis that memory for mode of 
input is by no means automatic. Instructions 
to attend not only to word meaning but also 
to type case and color improved performance 
on the modality judgment task at the expense 
of recognition for word meaning (see also 
Schulman, 1973). It may be remembered that 
Bray and Batchelder (1972) and Madigan 
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and Doherty (1972) found poorer word recall 
for informed than uninformed Ss, though Bray 


and Batchelder found no difference on the - 


modality judgment task as a function of in- 
structions. On the other hand, Light et al. 
(1973) found modality judgments but not 
word recognition to be affected by instructions. 
These apparently discrepant results may per- 
haps be accommodated by a single explanation 
if the difficulty of the tasks involved is con- 
sidered. It is likely that recall requires a more 
complex semantic analysis during list presenta- 
tion than does recognition. Also, some types 
of input mode are more easily retained; within- 
modality discriminations are more difficult 


than between-modality discriminations (Hintz- _ 


man et al., 1972). Thus, in general, we might 
speculate that when attention is diverted from 
meaning to input mode, recall will suffer more 
than recognition, and that the effect will be 
greater on within-modality discriminations 
than on between-modality discriminations, 
In the present study, Ss were required to re- 
tain not one but two aspects of input mode and 


even recognition performance deteriorated. — 


The fact that even Ss in the uninformed condi- 
tion performed significantly better than chance 
on the modality judgment task is, however, 
difficult to deal with in this framework. It is 
possible that the mere presentation of words 
in different cases and colors has strong demand 
characteristics, so that some attention to these 
attributes is inevitable. While quite good, 
recognition performance for the uninformed 
condition was by no means perfect. In this 
context it would be of interest to know 
whether recognition per se is worse when words 
are presented in different case-color combina- 
tions than when input mode is uniform. 


EXPERIMENT II 


Method 


Design and materials. All Ss in this experiment 
studied a list of 48 words consisting of 4 instances 
from each of 12 taxonomic categories from the 
Battig and Montague (1969) norms. Instances 
were selected from the sixth- to tenth-most frequent 
responses to each category name. Two additional 
instances from each category served as distractors 
on the recognition test. In most cases these were 
one more-frequent and one less-frequent response 
from each category. All words were presented on 
4 X 6 in. white note cards. 

Half of the Ss were assigned to the “redundant” 
condition. For this condition all words belonging 
to a given taxonomic category appeared in a single 
case-color combination. (In this study words were 
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TABLE 3 
EXPERIMENT II: FREE RECALL, RECOGNITION, AND Mopauity JUDGMENTS 


E No. of 
Conditions 


Recognition task 


Proportion correct mod 
judgments, given: 


words re- 
called 


Proportion of hits Proportion false 


ma: Items recalled | Item 12 


Redundant 
M 19.73 19 14 2.11 43 
SD 5.32 07 11 61 19 
Uncorrelated 
M 18.20 .76 18 2.05 28 
SD 5.81 AS :23 1.03 Al 
typed in red or green ink and in capital or lowercase Results 
letters on an IBM Selectric typewriter equipped with 
Gothic typeball) The remaining Ss were as- Free recall and recognition. Ti: nean 
ES s p nep tans Ah ves numbers of words recalled in the |.» ex- 
cas were tol correla! wil H t * " 
Schone category; no two items from the same  Petimental conditions are given in le 3, 
category shared the same values on these two Although Ss in the redundant group res 
attributes, called a slightly higher number . ords 
.. One oe eater: e amS This order than Ss in the uncorrelated gro, the 
was prepari so at for conditions lere was H Tatio’ , 
case or color longer than four tenes difference Was not Statistically able 
T versions of each list were prepared so that all (¢ < 1). Old items which were not « ified 
in all color-case combinations, as new were considered to be corre: rec- 
paid Volunteer ek ke ognized. Table 3 gives mean pro ions 
oleges who were recruit: H 2 5 "s 
newspaper advertisements amd wee o hits and false alarms and mean c5 P 
dividually. The original intent was the two experimental groups. For n E 
per condition with 4 Ss assigned to these measures did a / test for the -«nifi- 
It was necessary to replace 1.5 in cance of the difference between ti: eans 
condition whose recall performance give a value in excess of 1.00. Thus, may 


_ (see below) was 
_ pletion of the experiment it was also discovered that 


containing all 48 old words plus 24 distractors ina 
random order. 


- appropriate one of the four case-color combinations 
for old words. 


be concluded that the two experimental 
conditions did not differ in terms of n, mber 
of items retained for either free recall or 
for recognition, 

Modality judgments. For each S words 
were classified as recalled or not recalled 
and modality judgments were condition- 
alized on correct recognition for each class. 
A two-way analysis of variance (Redun- 
dancy X Recalled vs. Not Recalled) with 
repeated measures on one factor was per- 
formed on these scores. As suggested by 
Table 3, the only effect to achieve signifi- 
cance was that of redundancy, F (1, 28) 
= 10.10, ? — .01. The Ss studying the re- 
dundant list performed considerably better 
than those studying the uncorrelated list. : 
In fact, the hypothesis that the population 
proportion for correct modality judgments 


15 .25 could be rejected only for the re- 


T 


dundant group, / (14) = 4.54, p < .001, 
while for the uncorrelated group, / (14) 
=1,15, p > .10. 

Corrected modality judgment scores were 
obtained using the method described for 
Experiment I (see Table 4), The results, 
averaged over the four input conditions, 
indicate that Ss in the redundant condition 
retained about .27 of the case-color dis- 
criminations, whereas the corresponding 
figure for the uncorrelated condition was 
only .04. The level of performance on the 
modality judgment task is lower here 
(especially for Ss in the uncorrelated 
condition) than in Experiment I. Possible 
reasons for this include greater list length 
and more confusable items in Experiment 
II, and the fact that the modality judgment 
task in Experiment I (but not in Experi- 
ment II) afforded Ss the opportunity to 
see each word in all four case-color com- 
binations so that study and test contexts 
were more similar. Also, the test was 
administered immediately after list pre- 
sentation in Experiment I while there was 
a delay for the free-recall task in Experi- 
ment II. 


Discussion 


The main finding of Experiment II, that 
retention of case and color attributes for a 
categorized list is better when these attributes 
are correlated with semantic properties of 
words, supports the contention that memory 
for mode of input is not automatic. It may be 
noted that post-experimental questionnaires 
indicated that Ss in the two experimental 
conditions did not differ much in frequency of 
reporting that they “noticed” case and color or 
in their expectations of a test on these attri- 
butes. Thus, differences in expectation of a 
modality judgment task cannot account for the 
Experiment I results. Several Ss reported 
noticing the redundancy of category and input 
mode and claimed that this redundancy helped 
them to remember case and color. Analysis of 
the protocols afforded behavioral support for 
these claims. All categories for which an S 
made at least two old judgments, one of which 
was either a false alarm or c 
dality identification, were termed "consistent" 
if all responses fell into only one of the four 
response classes and “Gnconsistent”’ if responses 
fell into two or more response classes. Cate- 
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TABLE 4 


Experment ll: Mopaury Jupcments (MJ) As A 
FUNCTION oF INPUT MODE CONDITIONALIZED ON 
Correct RECOGNITION 


Responses for un- 


Responses for re- correlated con- 


dunant condition 


Input mode aiton 
R|r|G|g|R|r|G.£ 
R 33 | .22 | .27 | .19 |.25 |.24 | 27 | 25 
E 12 | 42 | 13 | .33 | .19 |.26 | 24 «30 
G 24 | 19 | 42 | 15 |.31 | 19 | 23 | 27 
g 14 | 24 | .14 | .48 | .22 | 29 | 15 | 35 


Mean FA Rate [117 | 21 | 18 | 222 |:24 | -24 | 22 | .27 
Corrected MJ 
proportion 49 |. 


Nole. Entries in italics are conditional proportion correct 
modality judgments. Abbreviations: R, uppercase red ; r, lower- 
case red; G, uppercase green; g, lowercase green; FA, false 
alarm; MJ, modality judgment. 


gories that were completely correct (all items — 
recognized as old having correct modality judg- 
ments and no false alarms) were excluded from 
the analysis to prevent inflation of the con- 
sistent classification for the redundant group. 
Nevertheless, there were about twice as many 
consistent categories for the redundant group 
(23 of 153 or .15) than for the uncorrelated 
group (12 of 166 or .07). These results suggest 
that the superior performance of the redundant 
group may be attributed not only to memory 
for individual items but also to memory for one 
or more members of a taxonomic category, 
supplemented by application of a rule that 
all other members of that category share the 
same case and color. Forming such concepts 
would surely be an easier task than retaining 
case and color by associating them with indi- 
vidual words as in a paired-associates task. 
However, forming a concept about the relation- 
ship between input mode and taxonomic cate- 
gory cannot be said to be the same as automatic 
memory for input mode. 


CONCLUSION 


The results of the two experiments reported 
here lead us to the conclusion that memory for 
mode of input is not automatic. In Experi- 
ment I it was found that memory for mode of 
input was improved by instructions to attend 
to case and color, whereas recognition memory 
performance declined as a consequence of these 
instructions. This pattern of results supports 
the hypothesis that attention to case and color 
diminishes attention to semantic aspects of 
study words with an ensuing loss on memory 
tasks requiring semantic analysis. Experi- 
ment II confirmed this conclusion by demon- 


_ strating that making incidental attributes 
- redundant with semantic attributes improves 
memory for input mode. 

_ Although memory for incidental character- 
istics is not automatic in that it is easily 
brought under experimental control by ma- 
nipulation of instructions or list structure, 
almost all uninformed Ss in Experiment I and 
Ss in the redundant condition in Experiment II 
did perform at better than chance levels in 
"identifying the case and color of words they 
remembered. One possible interpretation of 
- these results rests on the assumption that an 
item to be remembered is represented intern- 
ally as an abstract list of attributes rather than 
as a “literal copy” (see Hintzman et al., 1972). 
_ When a word is presented for study, semantic 
attributes are tagged for storage first and, if 
time permits, incidental attributes associated 
with conditions of presentation may also be 
Stored. Selection of attributes for storage may 
depend on: instructions; fortuitous (or idio- 
. Syncratic) conjunctions of presentation mode 
_ With semantic attributes (e.g., presentation of 
4 the word cherry in red when “red” is already 


a part of the meaning of cherry); the possibility 

f conjuring up an image that incorporates both 
semantic and incidental attributes (e.g., pre- 
- sentation of the word dog in large black letters 
. may lead to imaging a large black Doberman) ; 
and/or the possibility of producing a verbal 
mediator which ties together semantic and in- 
. cidental attributes. Even when Ss are not 
= explicitly instructed to attend to incidental 
. attributes they may utilize one or more of these 
Strategies, and their performance on attribute 
identification tasks is likely to be better than 
chance. 

That Ss do not necessarily engage in these 
activities is suggested by the Experiment II 
finding that Ss studying the unrelated lists 
performed at chance levels in identifying case 
and color. Performance levels on this task 
-— were generally lower in Experiment II than 

in Experiment I for both experimental condi- 

tions, leading us to believe that with cate- 

gorized lists semantic encoding may be the 
- chief concern of Ss, and that incidental attri- 
- butes will not be tagged for long-term storage 

unless there is something particularly striking 

about them, such as redundancy of case and 
- color with taxonomic category. 
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ON TIME ES 


Florida State 


Time estimation was studied 
tention directed to the stimu! 
employed. The 60 Ss were assign 
a 2X2 design. Time estimates were 
attention-demanding task during the 
a task designed to focus attention o: 
of arousing Ss interacted with the 
mates. The index of arousal 
changes in time estimation. 
task did correlate positively with tim 
results are offered as well as some m 
estimation research. 


] used (pu 


Seemingly contradictory results are often 
found in the area of time estimation re- 
search. For example, when investigating 
the effects of stimuli presented during an 
interval to be estimated, Gulliksen (1927) 
found that estimates decrease as the in- 
formation in the stimuli increases. Other 
studies (Buffardi, 1971 ; McNanamy, 1966), 
however, found that increasing the com- 
plexity of the intervening stimuli causes 
estimates to increase. Conflicting results 
have also been reported with respect to 
the effects of arousal on time estimation. 
Some studies (Graef, 1970; Hare, 1963; 
Langer, Wapner, & Werner, 1961; Lock- 
hart, 1967) indicated that estimates are 
positively correlated with the arousal level 
of Ss while other studies (Baddeley, 1966; 
Cohen & Mezey, 1961) have shown no 
relationship between arousal and time 
estimation. 

One possible reason for the contradic- 
tory results could be that there were two 


y GOMA te TESTE 


s based on a thesis submitted to 
the Department of Psychology, Florida State Uni- 
versity, in partial fulfillment of the requirements 
for the master’s degree. : 

? Requests for reprints should be sent to Daniel 
Lordahl, Department of Psychology, Florida State 
University, Tallahassee, Florida 32306. f 

3 Also found by D. S. Lordahl, as reported in 
“Effects of processing external and internal in- 
formation on time estimation,” a paper presented 
at the meeting of the Southeastern Psychological 
Association, New Orleans 1973. 
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n the passage of time. 
tasks employed in tl 
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as a function of two variables, degree of at- 
lus interval and type of arousal treatment 
ed in equal numbers to the four cells of 


liably lower for Ss performing an 
erval than for those engaged in 
The two methods 
heir effects on esti- 
lse rate) did not correlate well with 


rel 
inti 


Performance rates on the attention-demanding 


Interpretations of the 
| suggestions for time 


e estimates. 
methodologica! 


main variables affecting time estimates in 
the studies mentioned. In studies that 
have used physiological measures of arousal 
(Cahoon, 1969; Hawkes, Joy, & Evans, 
1962; Marum, MacIntyre, & Armstrong, 
1972), it has been found that heart rates 
tend to be positively correlated with time 
estimates, at least within Ss and over a 
moderate range of changes in heart rates. 
On the other hand, there are indications 
that diverting Ss' attentional focus from 
the interval to be estimated causes esti- 
mates to decrease (Smith, 1969). It could 
be that many researchers have been study- 
ing the effects of one of the two variables 
(arousal or attentional focus) on time 
estimation without controlling for the 
other one. 

Presenting stimuli during an interval 
that is to be estimated could have à 
number of effects. For example, the 
stimuli could increase the arousal level 
of Ss, causing estimates to increase. On 
the other hand, the stimuli could divert 
Ss’ attention away from the interval, 
causing estimates to decrease. Similarly, 
some studies (Baddeley, 1966; Cohen & 
Mezey, 1961; Hare, 1963; Langer et al., 
1961) have used expectation of a future 
event to produce the arousal without con- 
sidering the fact that the expectation 
might also divert Ss’ attention away from 
the interval. The lack of control for one 
or both of these two important variables 


might have contributed to the inconsistent 
findings in this area, 

- The purpose of the present experiment 
was to manipulate both attentional focus 
and arousal as independent variables and 
i study their effects on time estimation. 
Whether or not Ss were attending to the 
interval to be estimated in the present 
experiment was determined by the type 
- of task they were performing during the 
- interval. Two methods of manipulating 
- arousal were used, and change in pulse 
- rates from baseline was used as a measure 
of the arousal level of Ss, It was expected 
that (a) time estimates would be higher 
- when attending to the interval of time 
to be estimated than when attention was 
- directed away from the interval; and (b) 
time estimates would correlate positively 
- with level of arousal (pulse rates). 


METHOD 


Subjects. A total of 60 ‘Ss, 38 men and 22 women, 
all psychology students, 
tandomly assigned to the four conditions of the 
experiment so that there 
Each S Participated in 
had not participated in a time estimation 
experiment previously. 

During the first half 
. of the experiment, all Ss were tested under iden- 
tical conditions. The Ss were taken into the ex- 


perimental room one at a time and asked to be 
watch was taken and 


an indication 
After S had been seated 
was in place, instructions 


six trials. On the table in 


Properly, 
The first instruction S heard was 
ready. At that time, he turned over the task 
14.0 cm.) so that 
On each of the six sheets used 
trials was a circle of 26 dots, 
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the top one designated by a rando:: jv 
letter. The top dot was always 
letter A. After turning the sheets , 


assigned 
ned the 


given the instruction Start, At that signa! he began — 
to connect the lettered dots in alphat ! order 
until he was given the instruction < At the 
instruction stop, S stopped connecti e dots 
and wrote in the lower right-hand , of the 
sheet his estimate of the number oí is that 
had elapsed between the time he wa: o start 
and the time he was told to stop, T: waited 
until he was again given the inst: ready, 
At that time S turned to the next t; ^t and 
repeated the process, This procedure « peated 
for the first six trials. 

After the sixth trial E reentered experi- 
mental room to give further instructi ^t this 
point Ss were assigned to one of two a: ;roups 
and one of two task groups. 

In one arousal condition (Ai), Ss v :roused 
(their pulse rates increased) by per ig 35 
repetitions of a modified version of i irvard 
Step Test (Brouha, 1943). Each S in t group 
stood in front of a bench 19 in. (48.2 cn height. 
At E's signal, 5 began to step up on: down 
from the bench, one foot at a time, count 
movement. At the end of one complet tition 
of the movement, S had completed i-count 
movement and was Standing once ag front 
of the bench with both feet on the gro The E 
paced S for 30 sec. at the rate of 2' titions 
Per minute. The S was instructed ntinue 
for another 25 repetitions at approxi: cly the 
same pace, 

In the other arousal condition (^. were 
aroused by the threat of shock. Jenk i Deane 
(1963) have shown that heart rate accele:..tes with 
the anxiety that precedes an expe shock. 
Furthermore, Elliot (1966) has shown (hat the 
arousal is greater when Ss do not know what the 
shock will be like. Therefore, each .$ in the As 
group was told that he would receive a mild shock 


once by 
could occur at any time before, during, or after 
any trial. Furthermore, each S was told that as 
time went by the probability of receiving the shock 
would increase so that there would be a low proba- 
bility that the shock would occur during the first 
few trials, but a high probability that it would 
occur about the fourth or fifth trial. A small 
metal plate with two wires attached was then 
strapped to S's wrist and he was told that he 
would receive the shock through that plate. No 
Shocks were ever actually delivered to any of the Ss. 

After the arousal period, Ss in each arousal con- 
dition were further separated into two task con- 
ditions during the five trials in the postarousal 
Portion of the experiment. In one task condition 
(Ti), Ss were Performing the same task that they 
did during the baseline trials. That is, they were 
connecting dots on sheets in alphabetical order 
during the interval to be estimated. This task 


S was i 
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was assumed to be one in which each S's attention 
was directed away from the interval of time that 
was being estimated. The S's attention was di- 
rected to the task by instructing him to concen- 
trate on connecting the dots as accurately and as 
rapidly as possible and instructing him mot to try 
to keep track of time as he performed the task. 
The other task condition (Ts) was one in which 
Ss worked on task sheets which were exactly like 
the ones used for Ti except that the dots were 
numbered consecutively from 0 to 25. For these Ss, 
the instructions were to connect the dots in nu- 
merical order at the rate of one dot per second. 
Therefore, each .S’s estimate of the interval of time 
corresponded to the number of dots he connected 
between the time he was given the start signal 
and the time he was given the stop signal. The 
latter task (Ts), as opposed to Tı, was assumed 
to have caused S’s attention to be focused on the 
interval of time to be estimated as he concentrated 
on counting off the seconds during the interval. 
Just before the arousal period began, each S was 
informed of what his task would be during the 
five postarousal trials. Then, as soon as the arousal 
period was over, the pulse pickup and headphones 
were put back on S and E once again left the 
room, In the adjacent room, E checked the physi- 
ograph and then started the tape recorder. 
Altogether, there were 11 trials during the course 
of the experiment; 6 trials before the arousal period 
and 5 trials afterward. The lengths of the first 
2 trials were 5 sec. and 10 sec., respectively. They 
were used as practice trials to allow Ss to become 
familiar with the experimental procedure. The 
lengths of the next 4 trials were 9, 19, 11, and 
17 sec., respectively, and they were used as baseline 
trials. The average length of the baseline trials 
was 14 sec., which was the exact length of each 
of the trials after the arousal period. This allowed 
the average baseline estimates to be compared 
directly to the postarousal trials to determine what 
changes had taken place in the estimates. Al- 
though the length of the trials changed throughout 
the first part of the experiment, the intertrial 
interval was kept constant at 30 sec. for both the 
pre- and postarousal portions of the experiment. 


RESULTS 


Figure 1a shows the mean pulse rates 
across the five postarousal trials for each 
of the four experimental groups. As can 
be seen, pulse rates started high and gen- 
erally decreased across trials for the two 
groups in which arousal was induced by 
exercise (A). For the two groups in 
which arousal was induced by threat of 
shock (A), the effect on pulse rates was 
not as uniform. After an initial drop in 
pulse rates for both As groups, the pulse 
rates of the Ss performing the task of 
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FicuRE 1. Shown are mean pulse rates (a) and 
estimates (b) as a function of the five postarousal 
trials for the four experimental groups. (Ai = 
arousal by exercise; As = arousal by threat of 
shock; Tı = task of connecting scattered lettered 
dots; Ts = task of connecting consecutive nume 
bered dots.) 


connecting scattered lettered dots (Group 
A;T,) remained relatively constant. The 
pulse rates of Ss connecting consecutive 
numbered dots (Group A:T1), on the other 
hand, increased after the initial drop. 

The mean time estimates across the five 
postarousal trials are shown in Figure 1b. 
The most noticeable effect on estimates 
was the separation of the T, groups from 
the T» groups. 

The significance of the results for both 
the pulse rate and estimate data was 
tested with a repeated measures analysis 
of variance. The scores used in the anal- 
ysis were difference scores which reflected 
a change from baseline rather than the 
actual pulse rate or estimate values. 
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For the pulse rate data there was a sig- 
nificant difference between the two arousal 
conditions, F (1, 56) = 4.75, p < .05, with 
- arousal by exercise having a greater effect 
on pulse rates (M change = 7.8 beats/ 
—min) than arousal by threat of shock 
- (M change = 2.4 beats/min.). There was 
also a significant Trial X Arousal inter- 
action, F (4, 224) = 27.83, p < .001, as 
pulse rates were decreasing across trials 
after exercise, while increasing or remain- 
- ing constant after the threat of shock. 
Because of a significant Arousal X Task 
interaction in the change in pulse rate 
data, F (1, 56) = 4.24, p < .05, the mean 
change scores from each treatment were 
compared with a Newman-Keuls test. 
The means were 11.9, 3.8, 1.3, and 3.5 
- (beats/min) for Groups ATs, ATs, A:T, 
| and A;T;, respectively. The values from 
- Groups AT; and A;T. did not differ 
(p> .05), but all other pair-wise differ- 
— ences were significant, with all ps < .01. 

- In order to further assess the effective- 
- ness of the arousal conditions employed, as 
-indicated by the change in heart rates, 
3 the linear and quadratic trends across 
. trials were analyzed for each of the groups. 
- Both exercise conditions showed significant 
linear and quadratic components: for 
Group AıT;ı the linear trend gave F (1, 14) 
= 64.90, p «.001, and the quadratic, 
F (i, 14) = 28.81, p < .001. The cor- 
responding values for Group AT; were 
F (1, 14) = 20.40, p < .001, and F (1, 14) 
= 36.36, p < .001. The differences in 
these two trend components between the 
groups were not significant. The results 
from the threat of shock condition were 
different. Group A:T, had a significant 
increasing linear trend, F (1, 14) = 6.03, 
P «.05, but the linear component for 
"Group A:T; was not significant—actually, 
a slightly negative slope is present. In 
addition, the difference between these two 
linear components approached significance, 
E (1, 28) = 3.67, p — .07. In neither 
group, by itself, did the quadratic com- 
ponent reach significance, but the curva- 
ture apparent in Figure 1 is significant 
when A; groups are combined, with the 
quadratic trend F (1, 28) = 4.92, p < .05. 
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This minimal effect of threat of sock 
upon change in heart rate was also re- 
flected in tests of the differences iv ‘he 
A» groups’ trial means against a hy: “he- 
sized value of zero, i.e., a test of c^. ves 
from baseline. A significant resi vas 
obtained only from Group A:T, on | 5, 
t (14) = 2.66, p < .05. 

For the estimation data there a 
significant difference between the t isk 
conditions, F (1, 56) = 35.01, p 01, 
as the change in estimates for T: 
groups was higher (X = 5.9 sec.) | he 
change for the T; groups (X = 0. :) 
As in the pulse rate data, there | 8 
significant trial effect in the est ‘ion 
data, F (4, 224) = 3.13, p < .025. we. 
ever, while pulse rates on the ave: de- 
creased across trials, estimates incr lin 
a linear trend, F (1, 56) = 6.51, p 025. 
A further analysis of the line: ends 
showed a significant Arousal X ask in- 


teraction, F (1, 56) = 4.42, p < 95. The 
nature of this interaction was th: © Groups 
A:T; and A,T; both showed «scant 
increasing slopes (ps < .05) in t .: esti- 
mations, while both of the othe: groups 
showed slopes near zero. 


In order to assess the within-5s rela- 
tionships between arousal and time estima- 
tion, a Pearson r was calculated for each S 
between his or her pulse rates «ud esti- 
mates over the five trials of the test 


session. These rs were then treated as 
dependent measures in a 2 X 2 analysis 
of variance. The one significant source 
was arousal, F (1, 56) = 5.86, p < .025. 
The exercise conditions had a mean 7 
= —.23, while the corresponding value for 
the A» groups was r = .11. The first of 
the above means differs significantly from 
zero, F (1, 56) = 5.27, p < .05, while the 
latter does not. 

For each S, a Pearson r was calculated 
between estimates and the number of dots 
connected on the task sheets for the five 
postarousal trials. The correlation coeffi- 
cient for each S was used as a dependent 
variable in order to determine the mean 
correlation coefficient for each group. The 
mean values were then analyzed with a 
two-tailed ¢ test to determine if they were 
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TABLE 1 


MEAN PEARSON r BETWEEN NUMBER oF Dors CON- 
NECTED AND ESTIMATES FOR EACH TASK 1 GROUP 


Group Mean Pearson r t 
ATi 0.4423 3.57* 
AsTi 0.4789 4.29** 


Note. Abbreviations: Ai = arousal by exercise, As = arousal 
by rest of shock, Tı = task of connecting letters. 
01 


«€ 
"D <.001 


significantly different from zero. Since the 
estimates of the Ss in the Tz groups were 
exactly the same as the number of dots 
they had connected, all their correlations 
were 1.0. Therefore, Table 1 gives the 
summary of the analyses for only the two 
T. groups, with the mean coefficients for 
both groups being significantly greater 
than zero (p « .01). 


DISCUSSION 


One of the hypotheses tested in the present 
experiment was that time estimates are higher 
when Ss are attending to an interval of time 
than when they are not attending to that 
interval. Whether or not Ss were attending 
to the interval to be estimated was inferred 
in the present experiment from the type of 
task they were performing during the interval. 
The task for Ss in the Tı conditions was to 
connect the circle of randomly arranged let- 
tered dots in alphabetical order. These Ss 
were told that they were to perform the task 
as rapidly and as accurately as possible. The 
fact that the mean number of dots connected 
was only 8.7 for the 14-sec. postarousal trials 
is taken as an indication that the task was 
fairly difficult for most Ss. Furthermore, if 
the Ss were trying to perform the task well, 
it would have been difficult for them to have 
attended to both the task and the interval 
of time to be estimated. This was in contrast 
to Ss in the Tz conditions who were con- 
necting a circle of numbered dots arranged 
sequentially. Their task was specifically to 
attend to the interval to be estimated and 
connect the numbered dots at the rate of 
i/sec. For those Ss, attending to the in- 
terval helped their performance on the task. 

Therefore, one of the main differences be- 
tween the two tasks was whether or not Ss 
could both perform the task well and attend 
to the interval to be estimated. The Ss in 
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the Ts conditions probably could do both, 
but Ss in the Tı conditions probably could 
not. Since accurate performance on the task 
was stressed for all groups, it is argued that 
Ss in the T» conditions were attending to the 
interval to be estimated, while those in the 
Ti conditions were not. The fact that the 
estimates of Ss in the T» conditions were 
significantly higher than the estimates of Ss 
in the Tı conditions lends support to the 
hypothesis that drawing Ss’ attentional focus 
away from the interval to be estimated causes 
estimates to decrease. 

While there was support for the hypothesis 
concerning the effects of attentional focus on 
time estimation, the data did not seem to 
support the hypothesis that time estimates 
and level of arousal (pulse rates) are positively 
correlated. The method used to study the 
latter hypothesis was to create a situation 
during the arousal period that would cause 
Ss' pulse rates to change during the post- 
arousal trials. Then the changes in pulse 
rates along with the subsequent changes in 
estimates could be analyzed for concomitant 
variation. However, the threat of shock had 
little effect on pulse rates and there was, as 
well, little variation in estimates for those Ss. 

However, the situation is clearly complicated 
in that a variety of interactions was present. 
For example, the mean effect of exercise on 
pulse rate was different for Group AiT, than 
for Group AiTs. For some reason, the per- 
formance of the complex task (Tı) produced 
greater changes in pulse rate than did the 
performance of the simpler task. But, the 
reverse relation held when arousal was by 
threat of shock. Here, the greater changes 
in pulse rate accompanied the performance of 
simpler tasks (T2). One possible reason for 
these results is that the practice trials each 
employed Task Tı. Combining this informa- 
tion with an attentional process approach to 
the experiment might yield predictions con- 
sistent with these data, but the present 
authors have no such model to offer at 
present. 

The results for estimations also present 
problems for a simple explanation, Groups 
Ai1Ts and AsT; showed significant increasing 
linear trends in the estimation test trials, but 
the other two conditions led to insignificant 
slopes. Again, the combination of arousal 
method and task performed needs to be con- 
sidered in any theoretical approach relevant 
to this study. 

The relation between arousal and time 
estimates was clear in one respect, i.e., threat 
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F of shock produced only small changes in pulse 
rate and these pulse rates did not correlate 
ignificantly with the estimation data. The 
arousal produced by exercise did correlate 
significantly with the estimation data, but in 
an inverse manner. This negative correlation 
- js just the opposite from that expected from 
E a simple application of the internal clock 
analogue. 

One possible reason for the unexpected 
= results could have been that an inappropriate 
. measure of arousal was being taken. After 
undergoing the fairly strenous exercise, most 
- Ss were probably fatigued. Therefore, even 

though the autonomic measure of arousal was 
high, the mental arousal or alertness of Ss 
was possibly low. As the postarousal trials 
continued, the decrease in pulse rates probably 
— was an indication of a decrease in fatigue or 
an increase in alertness. Therefore, it might 
be inferred that while the trend in estimates 
‘was opposite to the trend in pulse rates, it 
was in the same direction as the trend in the 
alertness of Ss. 
3 Support for the inference that estimates are 
- positively related to an increase in alertness 
. is found in the fact that estimates were posi- 
- tively correlated with the number of dots 
- connected on the task sheets for Ss in both 
arousal conditions. The Ss were probably 
able to perform the visual search type of task 
best, that is connect the most dots, on those 
- trials in which they were most mentally alert. 
The positive correlation between estimates 
and number of dots connected indicates that 
the trials in which they were most alert were 
also the trials in which Ss’ estimates were 
highest. Therefore, it appears that perform- 


E. ance on a reaction time test on the type of 


- task used in the present experiment would be 
_ a better measure of an arousal that effects 
‘time estimation than autonomic measures 
= such as pulse rate. 
_ Previously mentioned studies (Cahoon, 
. 1969; Hawkes et al, 1962; Marum et al., 
_ 1972) indicated a positive correlation between 
autonomic measures of arousal and time 
. estimation. However, in those studies threat 
of shock, drugs, or biofeedback, rather than 
exercise, was used to manipulate the level of 
arousal. With those manipulations of arousal, 
_ Ss would not be expected to become fatigued 
= and an increase in the autonomic measure of 
arousal might have been an indication of an 
ncrease in mental alertness. 

The results of the present experiment in- 
dicated that the attentiveness of Ss to an 
interval of time has a large effect on their 
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ability to estimate the length of the 
With other variables held constant 


attention is focused on the inte to be 
estimated give higher estimates than <s whose 
attention is focused away from the interval, 


Clearly, researchers in this area s! ! care- 


fully consider whether or not there is any- 
thing happening during the interv;! to be 
estimated that would influence Ss’ ability to 
attend to that interval. Further v varch is 
needed to determine and quantify atten- 
tional variable. 

Pulse rate was shown in the p nt ex- 
periment to be a poor indicator of -he sort 


of arousal that would influence time © ‘i mates, 
The positive correlations between time cstima- 
tions and autonomic measures of a:c'sal in 
past research was probably due to :'^ fact 
that, under some types of manip: tions, 
autonomic measures of arousal corre!:;'« posi- 
tively with the type of arousal tha‘ «ffects 
estimates. In general, it would be v -ful to 
have a more direct measure of ntal” 
arousal than is obtained by aut ic in- 
dices. Moreover, with regard to tin tima- 
tion, the effects of manipulating arou innot 
be predicted without consideration : ie at- 
tention-directing properties of the t ment. 
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CS-UCS PRESENTATIONS AND A LEVER: 
HUMAN AUTOSHAPING ! 


W. GREGG WILCOVE ? anp JOSEPH C. MILLER 
Quincy College 


Six experiments were conducted with humans to investigate similarities and 
differences between animal and human behavior under autoshaping procedures 
Naive uninstructed humans were placed in a room containing a lever, a trans- 
lucent panel, and a slot for pennies. Within an experimental session, the 
translucent panel was lit (conditioned stimulus, CS) for 5-sec. duration on a 
variable-interval 20-sec. schedule for 5 min., and was then paired with penny 
delivery for 12 min. Experiment I demonstrated that Ss who responded on 
the lever came to respond with a consistent temporal relationship to the CS 
when the CS and the unconditioned stimulus (UCS) were paired; hence they 
autoshaped. Experiment II showed that when the CS and UCS were randomly 
presented, Ss failed to show autoshaping. Experiments III-VI examined 
peculiarities of human autoshaping and in general suggested that humans 
test hypotheses about the relationship between the lever and the pennies. 
It was concluded that humans in the present experimental situation (a) brought 
a prepotent response to the situation which became temporally controlled by a 
neutral stimulus predictive of reinforcement, (b) behaved as if environmental 
events (usually the UCS) were under response control and appeared to test 
hypotheses about response production of the UCS, and (c) demonstrated that 
human autoshaping processes are different from rat or pigeon autoshaping 
processes, although both animals and humans show similarities in response 


tendency. 


ANST OREN 


- The autoshaping procedure consists of 
- presenting to a naive organism a neutral 
signal (conditioned stimulus, CS) which 
- predicts the delivery of primary reinforce- 
per (unconditioned stimulus, UCS), and 
E 


serves to elicit some appropriate consum- 
. matory response. If (a) the organism is a 
igeon, (b) the CS is an 8-sec. duration 
keylight, and (c) the UCS is 5-sec. access 
to grain, then key pecking develops after 
about 100 such pairings (Brown & Jenkins, 
E Similarly, if the organism is a rat, 

the CS an &sec. lever presentation, and 
_ the UCS a food pellet, approach and con- 
tact with the lever develops (Ackil, 1971). 

A necessary condition for responding to 
appear seems to be a predictive relation- 
E» between the CS and UCS (Jenkins & 
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Boakes, 1973; Rescorla, 1967). \ this 
condition is met, responses direct the 
CS appear gradually and beco: juite 
stable despite an absence of an; itin- 
gency between the organism's beha and 


the environment. These respon are 
confined to a stimulus positively cor:clated 
with primary reinforcement, while stimuli 
specifically unpaired with primary rein- 
forcement produce avoidance-like behavior 
(Franklin & Hearst, 1973; Gamzu & 
Williams, 1971). 

Autoshaping is not a consequence of 
superstitious responding. Williams and 
Williams (1969) established a contingency 
between a CS-UCS pair so that key pecks 
terminated the CS and omitted the UCS. 
Their pigeons continued to maintain re- 
sponding despite explicit unpairing of rein- 
forcement and response. 

Investigators have studied the develop- 
ment of autoshaping responses by evalu- 
ating the topography of the response. 
Peterson, Ackil, Frommer, and Hearst 
(1972) showed that electronic brain shock 
reinforcement elicited sniffing-approach to 
a lever correlated with brain shock while 
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food-correlated lever presentations: elicited 
biting responses toward the lever. Re- 
sponding may therefore depend, at least 
in part, on the quality of the CS. Thus, 
Moore (1973) showed that thirsty and 
hungry pigeons "drink" a key paired with 
water but peck a key paired with grain. 
Wassermen (1973) has argued that the 
localizability of the CS is also important; à 
punctate, nondiffuse stimulus, when paired 
with a primary reinforcer, will elicit ap- 
proach and contact behavior, whereas 
stimuli which are diffuse do not control 
behavior. Jenkins (1973) has obtained 
evidence recently which demonstrates that 
the response elicited by an autoshapiag 
procedure is simply a response dominant 
in the organism's repertoire of behavior. 
Pigeons previously trained to neck stretch, 
when placed in CS-UCS pairing procedures, 
commenced neck stretching. 

The present experiment was designed to 
extend the animal autoshaping experiments 
into the domain of human performance. 
The major finding in animal autoshaping 
(Brown & Jenkins, 1968) was replicated 
using college students, and served to clarify 
the mixed results obtained by Ragain and 
Anson, in autoshaping retarded children. 
In addition, several other experiments were 
conducted which explored certain peculiari- 
ties of human responding to autoshaping 
procedures. A manipulandum previously 
demonstrated to be effective with primates 
was selected. 


GENERAL METHOD 


Subjects. Thirty 18-21-yr.-old male and female 
students attending a small Catholic midwestern 
college were used as Ss. All Ss were nonpsychology 
majors, had not attended any experimental psy- 
chology courses, and had not previously participated 
in a psychology experiment. 

Apparatus. The apparatus used was a BRS/LVE 
human test console, 53.3 cm. wide, 55.8 cm. high, 
and about 60.9 cm. deep, the face of which tilted 
20? away from S. Mounted on the right-hand side 
of the face was a 13 X 7.5 cm. Plexiglas panel 
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3 R, D. Ragain and J. E. Anson. Autoshaping in 
retarded children: The effects of response contin- 
gency and stimulus reinforcement pairing order. 
Preprint from first author at Stephen F. Austin 
State University, Austin, Texas. 
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divided into thirds and placed in the center of the 
console. It could be transilluminated from behind 
with a high intensity lamp, and panel presses pro- 

duced an audible switch closure. Pennies were - 
stored internally in a coin dispenser and were 
delivered at the center of the front panel into a 
well, which was illuminated during the dispenser's 
operation by a small lamp above it. Immediately. 
to the left of the well was a 4-cm.-long bar movable - 
in four directions: up, down, right, and left. Con- . 
tact closures produced an audible click. The re- 
mainder of the console face was fitted with blank 
panels. 2 

The human test system was placed on a table in 
a small room (about 2 X 2.5 m) illuminated by two 
overhead fluorescent lights. A metal chair was 
placed in front of the table and was the only other 
object in the room. A fan in the console operated - 
continuously and provided a masking noise through- - 
out the experimental session. Electromechanical 
programming and recording equipment necessary to 
operate the human test system was located in an 
adjacent, soundproof room. 

Procedure. ‘The Ss were not required to partici- 
pate in any experiments but did so as a favor to the 
professor. Questions arising concerning the nature 
of the experiment were fended by replying that we 
were sorry, we were not at liberty to give any in- 3 
formation, but Ss would not be shocked or "mis- .—- 
treated." No mention of money was ever made. — 
Upon entering the experimental chamber, the Ss 
were given the following instructions: 

Please make yourself comfortable. I will return 

shortly. Please do not leave the room until I 

return for you (and anything that comes out of 

the machine is yours to keep).! 
The door to the experimental chamber was then 
closed and the 30-min. session began. 

The session was divided into three parts: cs 
alone (baseline), CS-UCS presentations, and CS 
alone (extinction). The baseline period was ap- 
proximately 5 min. in duration during which the 
panel was transilluminated for 5-sec. duration on à 
variable-interval 20-sec. schedule (range, 10-29 sec.). 
During the CS-UCS presentations phase, which 
lasted 12-16 min. (depending on the particular ex- 
periment), a penny was delivered concurrent with- 
the offset of the CS according to a designated 
schedule of reinforcement. The last phase was 10 
min. in duration and was identical to baseline. 

A postsession interview was conducted and 5s 
were asked in a standard questionnaire to state 
their degree of control over the CS and UCS by 
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4 This last phrase (set off in parentheses) was 
added during Experiment III in an effort to reduce 
the number of nonresponders. We felt the addition 
of the phrase to the instructions was not unlike 
magazine training a naive organism and so was an 
acceptable procedure. This instruction did not 
produce the desired effect, however, and, as best as 
we can tell, had no effect at all on the experimental 
outcome. 
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TABLE 1 


- RESPONSES FOR Four Ss DURING 5 MIN. OF BASELINE 
(CS oNLv), 12 min. or CS-UCS PRESENTA- 
TIONS (CS-UCS Pairs), AND 10 MIN. OF 
Extinction (CS oNLY) 
z 


Responses per minute 


Ss 
cs cs 
Baseline 

aoe). 

s 3 4.0 1.9 

E KC 36.0 32.0 

4 4 15.2 9.6 

Ü 5 6.4 8.0 
a E crt iUe item 


A 3 13.3 1.9 
3 KC 198.0 34.9 
2. 4 18.3 2.6 

5 13 44 
Er 


Extinction 


= Note. Abbreviations: CS = 
Ec 7 unconditioned stimulus, CS 


conditioned stimulus, 
7 absence of 


lever responding. Throughout the session, lever 
manipulations (irrespective of direction) and panel 
. responses were recorded on a Harvard cumulative 
recorder and Sodeco counters. Responses during 
the CS presentation and its absence were recorded 
- separately for all three phases of the experiment. 
omparisons between the resulting six rate measures 
- identified when Ss’ responses came under the control 
of (a) the UCS delivery, and/or (b) the CS. In 
addition, the number of CS presentations/phase, 
number of UCS presentations/phase, total lever 
“manipulations, and total panel pushes were recorded. 
5 


EXPERIMENT I 


— The purpose of this experiment was to 
examine the behavior of humans when an 
autoshaping procedure was instituted. 


Method 


— Four Ss and the 


| equipment previously described 
were utilized in the 


| l present experiment. Following 
the 5-min. baseline, CS-UCS pairs were presented 
for 12 min. in which each CS was followed by UCS. 
Extinction followed for 10 min. During the 27-min. 
ession, about 90 CSs and 40 UCSs were presented. 


E im AL E Ed) E ES 


AND JOSEPH C. MILLER 


Results and Discussion 


All four Ss began moving lever 
shortly after the session began, : nding 
in the presence of all CSs. p g the 
5-min. baseline, three of the Ss : onded 
at about the same rate during th esence 
and absence of the CS. The { S re- 


sponded more during the CS | 


absence (CS) (see Table 1) D 
12-min. pairing phase, the resp. 


Ss came under the control of th. -UCS 
contingency. In general, Ss’ 1 f re- 
sponding increased, but more im; intly, 
in three of the four Ss, resp g in- 


creased during CS. The fourth < 


her responses predominantly to light 
off period (CS), and her ove rate 


decreased. During extinction, 


stopped responding. Subject 3, and 

continued to respond at rates lar to 
the pairing phase of the experi with 
a similar distribution of responsc ween 
CS and CS. 

When CS-UCS pairs of a lig! id a 
penny were presented to humane had 
a quadrant lever available for re ling, 
Ss’ responses came under the « l of 
this stimulus contingency. Typical’. their 
responding became controlled by «ic CS 
period, and response rates increase . The 
changes seen in the distribution of r ;ond- 
ing to the CS-UCS pair were accom; anied 
by verbal reports to the effect th: lever 
manipulations did not affect the light, but 
did affect pennies. The lever behavior 
appears similar to autoshaping but dces 
not imply that human and anima! auto- 


shaping processes are identical; it simply 
is a convenience for denoting a CS prefer- 
ence for responding during CS-UCS pair- 
ings in the present Ss. 

Several differences between human auto- 
Shaping and animal autoshaping are ap- 
parent. First, responding in humans did 
not appear after many CS-UCS pairings 
as it does in other species; rather, respond- 
ing with preferences for CS or CS were 
present at the outset, as can be seen for 
S3 and S4 who during baseline gave ap- 
proximately double the number of responses 
during CS as opposed to CS. Second, auto- 
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shaping in humans may apparently occur 
to CS (negative autoshaping). Although 
occurring less frequently, negative auto- 
shaping appears as robust as responding to 
CS presence, and in Experiment UI a 
second CS responder is reported. Finally, 
it appears that extinction procedures do 
not inhibit responding as in animals. Ex- 
tinction apparently promotes a change in 
the hypotheses held by S, as evidenced by 
verbal reports and changes in the distribu- 
tion of lever responses. A typical response 
regarding extinction was “At first I thought 
I had [a system] but after [the pennies 
stopped] I changed the pattern [and] the 
pennies stopped." 


EXPERIMENT Il 


Experiment I indicated that humans as- 
sumed a contingency between a response 
and a penny when in fact the penny was 
contingent on a 5-sec. CS. Rescorla's truly 
random control (1967) is an appropriate 
method for further examining humans’ 
tendency to misanalyze a stimulus-stimulus 
contingency. A complete independence 
between the CS and the penny was pro- 
grammed in order to dissociate the CS and 
UCS and thereby determine the boundaries 
within which humans autoshaped. Previ- 
ous experiments with animals have indi- 
cated that CS-UCS independence does not 
produce autoshaping (Gamzu & Williams, 


1971). 


Method 


Seven Ss previously described were used in the 
present experiment. Baseline was 4 min. ; CS-UCS 
presentations followed for 12 min., during which 
independent variable-interval 20-sec. (range, 10-29 
sec.) tapes presented the CS and the UCS; 10 min. 
of extinction (CS alone) followed. 


Results and Discussion 


Two Ss (S26 and $30, see Table 2), 
failed to respond at all. The appearance 
of nonresponders was not confined to this 
manipulation, and the problem of non- 
responders will be deferred until later. 
Two other Ss (S25 and 529) failed to 
respond during the baseline period, but 
began responding during CS-UCS pairs. 
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TABLE 2 


RESPONSES FOR SEVEN SS DURING 4 MIN. OF BASELINE, | 
12 MIN. OF INDEPENDENT CS-UCS PRESENTA- 
TIONS, AND 10 MIN. OF EXTINCTION 


Responses per minute 
S a 
cs cs 
Baseline 
26" 0 0 
30" 0 0 
25> 0 0 
29^ 0 EU 
24° 2.0 1 
27 3 3.3 
28 5 3.0 
CS-UCS presentations 
26" 0 0 
30* 0 0 
25» 1,2 9 
29^ 16.4 13.8 
24° 17.2 jj 
27 ES 9 
28 1.6 84 
Extinction 

26^ 0 0 
30^ 0 RU 
25v RU 1.2 
29» EU 0 
24° 21.3 E: 
27 A 6 
28 22.2 10,8 


Note. Abbreviations: CS = conditioned stimulus, 
UCS = unconditioned stimulus, CS = absence of 


* Nonresponder. 
» Zero baseline. 
o Autoshaped as in Experiment T 


Neither S confined responses to the CS 
period, and during extinction both stopped 
responding. 

Of the three remaining Ss, S24 auto- 
shaped in a manner similar to that de- 
scribed in Experiment 1, while $27 and - 
28 failed to respond under the control of 
the CS (see Table 2). These results sup- 
port the hypothesis that independent CS 
and UCS presentations inhibit autoshaping. 
Although these data are unlike the animal 
literature (where this procedure fails to 
elicit a response), it is clear that the be- 
havior produced in this experiment is un- 
like the autoshaping seen in Experiment I. 
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. Of the seven Ss run under the present Bolles, 1972; Staddon & Simmelha:, 1971; 
conditions, one autoshaped, two did not Timberlake & Allison, 1974). - 

respond at all, and four failed to autoshape. 1 

Verbal reports of the four nonautoshapers EXPERIMENT lll 

indicated either that the lever controlled 


d 
nothing, or controlled both the CS and Experiment III was undertake; to ex. 
UCS. amine human autoshaping under condi- 9 

The conclusion that autoshaping did not tions in which the relationship be ween the 
occur with the present procedures is further CS and UCS would be less than t^. serfect 
strengthened by the fact that in Experi- correlation of Experiment I but reater 
ments I, III, and V reported here, in which Predictive value than the random uence 3 


the CS and UCS have been Positively corre- Of Experiment II. “Standard” shap- 


ing provides a predictive relatio p be- 
tween CS and UCS that is perfec Inde- 
pendent CS and UCS presentation: »rovide | 
zero predictability about the UCS, given © 
Nonresponders, when placed in the ex- CS, A partial reinforcement Sched!» pro- 
~ perimental chamber, either failed to move Vides for a relationship intermedia‘ i9 the 


the lever at all, or if they did move it, re. two already considered. If the UCSs are 
- sponded at rates less than 1 per minute, delivered intermittently relative to © « pre- 2 
$ Following the results of Experiment II, Ss sentations, the CS-UCS contingency can 
- who failed to respond or responded at be made less clear and, therefor: hould 3 
F rates during baseline and pairing of less foster hypothesis testing about UCS pro- j 
. than 1 response per minute were excluded duction with lever responding, It wis hy- | 
from analysis, pothesized that CS control of responding | 

Nonresponders share Characteristics in Would occur. 


- addition to their failure to respond. F irst, Method 
Four students were run in a 4-min, baseline, 
followed by 16 min, of CS-UCS present 1s and 
0 min. of extinction. During the CS-U( pairings 
phase a UCS was delivered on a 55% rancom basis 


for each CS Presentation, (CS-55% UCS) as deter- 


mined by a Lehigh Valley Electronic probability 
generator. 


Results and Discussion 


i During the baseline hase, two Ss showed 
the Pavlovian reflex P em ç 
(ie, taking the UCS), they could not be ĉ Preference for CS responding (S11 and 
conditioned. However, the absence of 522), one S preferred CS responding (519), 
- penny taking is Probably not the “cause” and S21 showed no preference (see Table 


of zero responding. While it is possible 3). en 55% UCS presentations began, 
at a larger number of Pairings of the three of four Ss showed a higher response 
CS- might produce a responder (as Tate than during baseline, Three became 


there are wide individual differences in -positively autoshaped and one negatively: 
birds in the number of pairings required for During extinction, there was little change 
the appearance of autoshaping), it is doubt. in the response rate ok distribution for 
ful that this is the des Rather, the out. 24 522, S19 showed a shift back to base- 
line rates, and S11 increased his response 
rate while maintaining a CS preference. 


TABLE 3 


RESPONSES FOR FOUR SS DURING 4 MIN. OF BASELINE, 
16 min, or CS-UCS PAIRINGS, AND 10 MIN, OF 


EXTINCTION 
Responses per minute 
E 
cs cs 
Baseline 
AM m 50.0 21 
19 „1 4.0 
21 4.0 34 
22 63.0 31.3 
CS-UCS presentations 
11 56.7 14 
19 En i 
21 d s 
"» 22 190.7 46.2 
Extinction 
11 102.4 2.8 
19 0 5 
21 0 E] 
22 201.6 53.2 


Note. Abbreviations: CS = conditioned stimulus, 


UCS = unconditioned stimulus, CS = absence of 
CS. The CSs were presented on a variable-interval 
20-sec. schedule, ROTE CS-UCS pairings UCSs 
were paired randomly with 55% of the CSs. 


fined to the 5-sec. CS presentations. These 
data are in contrast to Winokur and 
Frank's (1973) data, according to which 
partially reinforced birds in an autoshaping 
procedure took longer to acquire and had 
a lower key pecking response rate than 
did control birds. 

From the present results and Ss’ verbal 
reports, a parsimonious explanation might 
be that humans test hypotheses about 
stimulus-response events. If Ss have be- 
gun to respond and are responding when a 
CS-UCS pair appears, they autoshape; 
hypotheses about response-produced pen- 
nies are tested with lever manipulations. 
Typically, the CS exerts some influence 
over the nature of the hypotheses tested ; 
e.g., responses become confined to either 
CS or CS periods if the CS and UCS occur 
contingently (if they are not contingent, 
autoshaping does not occur). Extinction 
procedures seem to produce a “Jose-shift” 
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response pattern. 
Experiment III it appears that if the CS 


From the results of ^ 


and UCS occur contingently, autoshaping ~ 


performance may be improved by obfuscat- 
ing the (lack of) consequences of responding, 


Thus, a 55% payoff schedule also produces — 


autoshaping. 


EXPERIMENT IV 


A prediction derived from the results of 3 
Experiment I, II, and III is that the addi- - 


tion of information about the role of the 


response will reduce the control of the CS E 


and thus alter human autoshaped behavior. 
Experiments IV and V investigated two 
predictions about the addition of informa- 
tion via the CS and Experiment VI tested. 


the effect of increasing information via the — 


response manipulation. 

Omission training as devised by Williams 
and Williams (1969) utilizes response-con- 
tingent CS termination and UCS omission, 
and therefore provides a signal to S of the 


contingency in effect. Three Ss were run — 3 


under this contingency to determine if 
human Ss responded to this increased in- 
formation in a manner similar to the 
Williamses' Ss. 

The Williamses found that pigeons tended 
to peck on some trials that omitted rein- 
forcement (and produced an extinction 
effect), thereby reducing the tendency to 
peck on the next trial. The UCS delivery 
resulting from a non-responded-to trial pro- 
duced an acquisition effect. Birds oscil- 
lated between responding and nonrespond- 
ing and continued to peck at a rate lower 
than that of birds performing in a standard 
autoshaping procedure. Christoph and 
Hearst (1973) extended these findings by 
showing that birds subjected to delay of 
UCS receipt as a consequence of pecking 
responded in a manner intermediate to that 
of omission birds and autoshaped birds. 

Specifically, it was hypothesized that an 
omission procedure would reduce the num- 
ber of UCSs received and that rate of re- 
sponding during CS would decrease because 
a negative contingency would easily be 
perceived by Ss. This prediction is based 
on the assumption that the CS does not 
elicit lever manipulations (which is further. 


signal, and 
human and animal autoshaping. 


Method 


j _ presentation phase 
the CS terminated 
= for that light; and 1 


All three Ss were responders and showed 


_ a preference for the CS or CS during base- 
- line When reinforcement became avail- 
- able, 531, 532, and $33 terminated the CS 
. on 4, 3, and 4 trials of 48 total CS presenta- 
tions and missed 1, 2, and 2 of 26 scheduled 
reinforcements, respectively. Responses 
— during the CS dropped precipitously during 
- the contingency phase for all Ss, while CS 
. responding continued in two of the Ss, 
_ However, this CS rate was lower than CS 
rate during baseline. During extinction, 
S33 recovered responding, but indepen- 
dently of CS presentation; 532 showed in- 
-creased responding during CS periods, and 
S31 maintained a negative autoshaped re- 
Sponse while recovering his rate somewhat 
. during the CS (see Table 4), 
_ From these data it was concluded that 
— omission training in humans results in be- 
- havior different from animal Ss, 
demonstrated 
_tingency by in 
and verbally 
These results 
hypothesis as 
lowered their 
missed UCSs, 
autoshaping as 


EXPERIMENT V 


In animals, the CS is described as elicita- 
tive (Gamzu & Williams, 1969) and hence 
birds peck despite a negative CS-UCS con- 
tingency. In Experiment I, the CS was 
viewed as cuing a response already pre- 
tent. Experiment IV provided evidence 


ested in Experiment V); if supported it 
‘Provides evidence for the CS's serving as a 
against comparability between 


previously described 
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TABLE 4 
RESPONSES FOR THREE SS DURING 4 Min, op BASE: 
LINE, 16 MIN. OF CS-55% UCS Parris: AND 10 
MIN. OF EXTINCTION 
Responses per r 
s x 
cs | 
Baseline 
31 14.0 7.0 
32 5.0 0 
33 74.0 | 0 
CS-UCS presentations 
31 1.6 | 
32 1.2 
33 1.6 | 
Extinction 
31 5.3 | 
32 10.2 
33 29. 


Note. Abbreviations: CS = conditioned 


ulus, 
UCS = unconditioned stimulus, CS = e of 
C: negative contingency existed «o iat re- 
sponses during the CS terminated the € l the 
UCS was omitted for that trial, 
that the CS may act as a signal for h:::nans; 
If this information analysis is correct, then 
it may be hypothesized that the behavior 
seen in Experiment IV was not due i> UCS 
omission, but rather that CS term: ;ation 
inhibited responding during CS through 


its information content. 

To test this hypothesis an omission pro- 
cedure was instituted whereby the CS was 
left unchanged and only the UCS was 
omitted. It was predicted that without CS 
information regarding a response contin- 
gency, humans would autoshape but less 
so than normally (Christoph & Hearst, 
1973), and would miss reinforcements. 


Method 


Four Ss and th 


e human test system were used 
in Experiment V. 


A 4-min. baseline period, a 16- 
min. CS-55% UCS phase, and a 10-min. extinction 
pl constituted the experimental session. If S 
responded during the CS, and a UCS was pro- 
grammed for delivery at the termination of the CS, 
the UCS was omitted. No signal of this contingency 
was available to S. 
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TABLE 5 


RESPONSES FOR FOUR SS DURING 4 MIN. OF BASE- 
LINE, 16 MIN. OF CS~55% UCS PAIRING, AND 10 
MIN. OF EXTINCTION 


Responses per minute 
S 
cs cs 
Baseline 
34 6.0 37.0 
35 74.0 10.3 
38 28.0 14.0 
41 50.0 29.3 
CS-UCS presentations 
34 2.8(22)* 36.2( 8)» 
35 25.6 (15) 25.5 (19) 
38 53.5 (11) 55.0(28) 
41 110.0( 4) 30.2 (47) 
Extinction 
34 38 33.5 
35 15.2 26.8 
38 1.6 29.1 
AL 96.6 8.3 


Note. Abbreviations: CS = conditioned stimulus, 


UCS = unconditioned stimulus, CS = absence of 
CS. If S responded during CS, the CS remained, 
but the UCS was omitted. The figures in paren- 
theses indicate (a) the number of pennies presented 


(UCS) or (b) omitted (UCS) as a consequence of 
Ss responses during the CS. 


Results and Discussion 


Subject 34 was a negative autoshaper 
and was therefore unaffected by the ma- 
nipulation in the present experiment. She 
preferred CS from the outset, and this 
behavior was brought under temporal con- 
trol somewhat during the pairing. During 
extinction, a gambler's fallacy effect was 
noted (hence even more temporal control) 
and it can be seen that even though S34 was 
responding predominantly during CS, she 
still missed 8 pennies and received only 22 
UCSs (see Table 5). Subject 35 and S38 
both preferred the CS for responding during 
baseline and CS during extinction. During 
CS-UCS pairings, $35 and S38 responded 
equally to CS and CS and subsequently 
missed a large percentage of reinforcements 
(see Table 5). Subject 41 also preferred 
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CS responding during baseline and con- 
tinued that preference into the pairing 
phase. As a consequence, S41 omitted 
UCSs on 47 of 51 occasions. 
tinction, temporal constraints on the re- 
sponse were still evident. 

The hypothesis that human autoshaping 
would occur despite a negative contingency 


between CS and responding was not con- n 


firmed. The present procedure failed to 
produce autoshaping. However, the pres- 
ent procedure produced a large number of 
missed reinforcements (98 total of 124), a 
finding similar to animal omission pro- 
cedures, and did not suppress CS respond- 
ing. Without CS termination, Ss appeared 
to have difficulty discerning a response con- 
tingency in the situation (particularly be- 
cause of the 55% random payoff schedule), 
and therefore did not withhold CS respond- 
ing. This procedure will maintain re- 
sponding even when less than 75% of the 
scheduled UCSs do not appear! 

The fact that two of three Ss failed to 
show autoshaping is troublesome. Neither , 
535 nor S38 could verbally state the con- 
tingency in the present procedure, but both 
Ss appeared to have come under the con- 
trol of the contingency. During baseline 
they both preferred to respond during CS; - 
during pairing the preference disappeared. 
Extinction shifted their preference even 
further so that responses became shifted 
predominantly to the CS. 

Although autoshaping did not appear as 
a result of the present manipulation, an 
information hypothesis still appears viable. 
The low information content of Experiment 
V maintained high response rates, despite 
a negative contingency between responding 
and UCS receipt, and despite a very low 
payoff rate. 


ExPERIMENT VI 


Experiment VI investigated the effect on 
autoshaping of introducing information 
about responding via the manipulandum. 
The lever used in Experiments I-V could 
be moved in four directions, providing the 
possibility of directional reinforcement con- 
tingencies, as well as combinatorial contin- 
gencies. The number of such combina- 
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During ex- .- 


4 
3 


# 
p 
/ 
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TABLE 6 


[ RESPONSES FOR TWO SS DURING 4 MIN. OF BASELINE, 
~ 12 min. or CS-55% UCS PAIRING, AND 10 MIN, 
: OF EXTINCTION 


Responses per minute 
S 

cs | cs 

Baseline 
16 9.0 7.7 
17 163.0 157.3 
CS-UCS presentations 
16 11.0 9.5 
17 168.0 137.6 
Extinction 

16 30.0 18.8 
17 144.4 128.4 


Note. Abbreviations: CS = conditioned stimulus, 


T ucs = unconditioned stimulus, CS = absence of 
CS. The four-way lever was replaced with a 
Scientific Prototype rat lever. 


. tions are almost inexhaustible and it was 
hypothesized that this reduced the infor- 
mation to S regarding response conse- 
^ quences. Experiment VI removed this 
- lever and substituted a standard operant 
` rat lever movable in only one direction. 
It was hypothesized that by removing pos- 
sible response alternatives, information 
5 would be added (i.e., uncertainty reduced), 
k 

: 


therefore increasing the likelihood that Ss 
would perceive responding as having no 

= effect. It was predicted that autoshaping 
would not occur. 


— Method. 


Two Ss and the human test system were used 
with the exception of the following changes. The 
panel described above was placed with an opaque 

- panel. The four-way lever was removed and re- 
placed with a Scientific Prototype pedal lever 

_ (PLS-100) mounted on a translucent Lucite panel, 

.. 1.9 cm. wide and 15.2 cm. high, which was illumi- 
nated from behind by the CS. The pedal lever is a 

. continuously curved, stainless steel lever, which 
projects about 1.9 cm. from the face of the panel. 
The lever could be depressed with a force of 30 gm., 
producing an audible click; it was spring-loaded to 
return to its original position. The session began 
with 4-min. baseline, 12-min. CS-55% UCS pairing 
phase, and 10-min. extinction. 
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Results and Discussion 
Both Ss lever pressed but fail: auto- 
shape. Lever press responses « inde- 


pendent of the CS presentations, >» tem- 
poral control of the response oc 1, and 
no increase in rate to UCS pr itions 
was seen (see Table 6). Both .5 rectly 
reported that the lever had no e: in the 
light or on the penny and repo ! that 
they responded to "help pass i time,” 
It was concluded that the sim; odent 
lever increased the information it re- 
sponse-produced effects and thus raded 
autoshaped behavior. 
GENERAL DISCUSSION 

Autoshaping procedures applied : mans 
in the present experiment did not |. luce a 
behavior homologous to animal a aped 
behavior. Human autoshaped resp: were ^ 
not elicited by CS-UCS pairings: were 
responses confined solely to CS prese ‘ations 
or CS absence. However, both hun ins and 
animals respond and maintain respo ling in 
the absence of any response cont) «encies. 
Further, both sets of Ss show that re: onding 
so produced is under the influence o! ‘he CS. 

Specifically, the major findings of th. present 


set of experiments were the follow:ng: (a) 


Humans subjected to animal autoshaping pro- 
cedures were of two types, responders and 
nonresponders, Responders showed « form of 


autoshaping peculiar to humans (and possibly 
to the present conditions) where responding 
already present in the repertoire became con- 
trolled by the CS or CS. This behavior, 
coupled with the introspective reports of the 
Ss, led to the conclusion that the CS (or CS) 
served a cue function for hypotheses testing 
about response-UCS contingencies (the cs 
serving as discriminative stimulus). (5) A 
necessary condition for human autoshaping to 
occur reliably is CS-UCS contingency. (v) 
Humans faced with a CS-UCS contingency 
and a lever behaved as if environmental events 
were response contingent rather than response 
independent or stimulus contingent. The 
degree to which this was in conformity with 
the experimental contingencies was directly 
related to the amount of information provided 
about response consequences; the less informa- 
tion available, the more firm the conclusion 
and the more robust the autoshaping. This 
was true even for nonresponders who never 
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reported that “J didn't have to do anything" 
but rather stated that they were afraid 
a response would produce an undesirable 
consequence. Beliefs were so strong in the 
present experiment that large numbers of 
responses were recorded despite the absence 
of any programmed consequence of those 
responses; and in one experiment, responding 
was maintained despite an aversive, unsignaled 
consequence. 

Experiment III showed that a 55% random 
pairing was as effective in producing auto- 
shaping as a 100% UCS delivery. This ma- 
nipulation may be interpreted as reducing the 
information available to S-about the conse- 
quences of responding during the CS. Experi- 
ments IV and V were a more direct test of the 
effect of information feedback on autoshaping 
in humans. Termination of the CS and omis- 
sion of the UCS produced an abrupt cessation 
of responding during CS and a correct verbal 
analysis of the experimental contingencies by 
Ss. Only omission of the UCS, although not 
producing autoshaping, maintained high rates 
of responding during CS despite a very low 
UCS delivery rate. These results were seen as 
supportive of conclusion a. The Ss continued 
to test hypotheses regarding response- 
contingencies and appeared to come under the 
control of the negative contingency, although 
they were unable to ṣo report. Experiment 
VI also provided a direct test of an information 
analysis by increasing the information value 
of a response. In doing so, cue control by the 
CS and UCS were eliminated. 

In summary, human autoshaping developed 
around a response already present in the be- 
havioral repertoire and was influenced by a 
neutral cue temporally contiguous with re- 
inforcement. However, human autoshaping 
processes appear quite different from pigeon 
and rat autoshaping processes, as Gamzu and 
concluded about the 
squirrel monkey. similar is 
the tendency in these species to respond in the 
absence of response consequences for pro- 
grammed events. 
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IDENTICAL SUBJECT-GENERATED AND 
EXPERIMENTER-SUPPLIED MEDIATORS IN 
PAIRED-ASSOCIATE LEARNING : 


MARIAN SCHWARTZ? anp MICHAEL F. WALSH 
University of Wisconsin—Madison 
Several previous studies investigating the effect of verbal mediators o: 


paired-associate learning have found that mediators generated by S wer. 
more effective than those supplied by E, 


In four recent paired-associate studies 
(Bobrow & Bower, 1969; Bower & Winzenz, 
1970; Pelton, 1969; Schwartz, 1971), in- 
structing Ss to generate verbal mediators 
- led to significantly better response recall 
than did supplying Ss with verbal medi- 
ators. In the first three of these studies, 
the mediator was a sentence linking the 
stimulus and response terms, which were 
randomly paired nouns. On the study 
trial, S was either furnished a sentence for 
each pair or instructed to generate a sen- 
tence for each pair. On a subsequent re- 
all trial, only the stimulus nouns were 
Shown, and .$ was required to recall the 
Corresponding response nouns, In the 
Studies by Bobrow and Bower and by 
Bower and Winzenz, the sentences supplied 
by E were not the same as those generated 
by S; in the Pelton experiment, a yoking 
Procedure was used so that the sentences 
_ generated by one group were supplied to 
another. In all three of these studies, how- 
HERREN: 


Were used in the present study. 
.... * Requests for reprints should be sent to Marian 
"Schwartz, Department of Psychology, W. J. Brogden 
Psychology Building, 1202 West Johnson, University 
of Wisconsin—Madison, Madison, Wisconsin 53706. 
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It was suggested that 
operating against the Supplied condition 
were, in a substantial proportion of instances, different from those which 
the Supplied Ss would have generated for themselves, 


ever, each S in the Generated con 
free to create his own mediating 
while each S in the Supplied con: 
constrained to use mediators whi: 
cases differed from those he w 
generated for himself. 

The experiment by Schwa: 
made use of materials and i 
Which greatly increased the prob: 
the supplied mediators would 
which the Supplied Ss would | J 
erated. Letter-word pairs (e.g., a— pie; 
D—cat) were used. The Ss in the upplied 
condition were furnished the normatively 
optimal mediators (e.g., apple, dog) for 
each pair; those in the Generated condition 
were instructed to think of a mediator 
word for each pair which started with the 
stimulus letter and was related to the re- 
sponse word. In 86% of all instances, the 
mediators generated in the latter condition 
were identical to those furnished in the 
former, and the critical comparison was 
limited to those instances. This procedure 
greatly reduced the potential bias against 
the Supplied condition but did not eliminate 
it, since one can assume that only about 
86% of the supplied mediators in the 
Critical comparison were mediators which 
the Supplied Ss would have generated for 
themselves had they been given the same 
instructions as the Ss in the Generated 
condition. That is, the Supplied Ss were 


n was 
tences 
n Was 

n most 
| have 


(1971) = 
uctions 3 
ty that 

those . 

ve gen- 
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in some instances prevented from gen- 
erating and using other mediators which 
may have been idiosyncratically more 
effective. 

If the materials and instructions could be 
designed so that all Ss in the Generated 
condition generate for each pair the medi- 
ator which is furnished for that pair in the 
Supplied condition, then it would be fair 
to assume that the supplied mediators 
were, in every case, those which the 
Supplied Ss would have generated for 
themselves. The two experiments of the 
present study were an attempt to achieve 
this goal of 100% predictability of gen- 
erated mediators, so that the comparison 
between the two classes of mediators would 
be free of the potential bias referred to 
above. The pairs consisted of bigram 
stimuli and. bigram responses selected so 
that a five-letter word could always be 
formed by the addition of a vowel between 
the stimulus and response. Only one such 
word was possible for each pair and that 
word was, accordingly, the prescribed 
mediator for that pair. As will be seen, 
Experiment I approached but did not reach 
the goal of 100% predictability of generated 
mediators; Experiment II may be said to 
have attained it. 

It might be noted that the relation be- 
tween the stimulus and response bigrams 
and the mediating word in the present 
study is analogous to the relation between 
the stimulus and response words and the 
mediating sentence in three of the earlier 
experiments (Bobrow & Bower, 1969; 
Bower & Winzenz, 1970; Pelton, 1969) ; 
ie, the mediator may be considered a 
higher-order unit in which the stimulus and 
response terms are imbedded. In contrast, 
the mediator in the Schwartz (1971) ex- 
periment was not a higher-order unit, but 
was a separate term providing an associa- 
tive link between stimulus and response. 


EXPERIMENT I 


Method 


Design. Although the main interest was in com- 
paring the generated vs. the supplied treatments, 
a control condition was added in which Ss were 


neither instructed to generate nor supplied with i 


mediators and sex of S was added as a second 


variable. The design was thereforea 3 X 2 factorial. — 
Mediator condition (Generated, Supplied, and Con- - 


trol) as well as Sex of S were between-S variables. 
Materials. A list of familiar five-letter words 


which have a vowel (A, E, I, O, or U) as the third — 


letter was drawn from Kuéera and Francis (1967). 
Twenty bigram-bigram pairs were constructed by 
selecting 20 of these words and deleting the middle 
vowel; i.e., the first two letters of a word became a 


stimulus and the last two letters became the paired ~~ 
response. The 20 words from which the pairs were —— 


constructed constituted the prescribed mediator 
words. These words were selected to minimize inter- 
word semantic and formal similarity and to insure 
that the bigram-bigram pairs conformed to the 
following restrictions: (a) Other than the prescribed 


mediator, no word likely to be recognized as a word .- 


could be formed by the addition of a single letter, 
vowel or otherwise, between the stimulus and re- 
sponse bigram; (b) no 2 pairs could have the same 
stimulus bigram or the same response bigram; 
and (c) the stimulus and response bigram alone 
could not form a word. In addition, an effort was 
made to minimize the number of pairs in which the 
stimulus and response bigram formed a highly pro- 
nounceable unit. The 20 words were as follows: 
ABOVE, ADULT, ALERT, CHARM, CROWD, DRAMA, 
ENEMY, EVENT, GRASP, IMAGE, IRONY, KNIFE, LAUGH; 
PLANE, PRICE, QUEST, STORY, THUMB, UNITY, and 
warre. Four words each had E, 1, and 0 as the third. 
letter; 5 words had A and 3 words had v as the third 
letter. 

Procedure, The Ss were run individually. The 20 
pairs were presented on a Stowe memory drum for a 
single study trial followed by a single recall trial, 
both at an 8-sec. rate. On the study trial the pairs 
were presented with a space of 45 mm. between 
the end of the stimulus bigram on the left and the 
beginning of the response bigram on the right. In 
the Generated and Control conditions this space 
was blank; in the Supplied condition, the third letter 
was centered in this space so that the complete five- 
letter word was shown. 

The instructions for both the Supplied and 
Generated groups included a statement to the effect 
that a good way to remember the pairs would be to 
form a word by inserting a vowel (A, E, I, O, or U) 
between the stimulus and the response. ‘The 
Supplied Ss were then told that a connecting vowel 
would be shown on the study trial along with the 


stimulus and response, and that the five letters ` 


would form an ordinary English word. The Gen- 
erated Ss were advised to form a five-letter word for 
each pair by mentally inserting a vowel between the 
stimulus and response, and were told that it would 
always be possible to form an ordinary English word 
in this fashion. The Control Ss were simply in- 


structed to try to form associations between the | 


stimulus and response. The Generated and Supplied 
Ss were instructed to spell all five letters aloud on 
the study trial; the Control Ss were instructed to 
spell aloud the four letters shown. As part of the 
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instructions for all groups, a sample pair (SL—DE) 
the Supplied condition, the 
third letter 1 was also shown to form the word 
SLIDE ; for the Generated 
that the word stipe 
adding the vowel 1; 
this pair was shown as an 

pair S would be asked to learn, 
. made of possible word mediators. 

On the recall trial only the stimulus bigrams were 
presented, and S was instructed to spell out the cor- 
responding response bigrams. (The Ss were not in- 
tructed to give the third letter along with the 
. response bigram since this instruction would be in- 
appropriate for the Control Ss, and it was desired 
to keep the recall-trial requirements constant for all 
three conditions.) 

The order of presentation used on the recall trial 
was different from that on the study trial and, for 
generality, four different sets of study-and-recall 
orders were prepared. "These orders were random 
Subject to certain restrictions, such as (a) that no 
more than two consecutive items could have the 
same third letter and (b) that the serial position of a. 

pair on the recall trial be different from its position 
on the study trial. 
Immediatel: 


In the Supplied 
rther instructed 


ial In 
mention was made 


he four study-and-recall orders were balanced over 
‘the mediator and sex conditions, 


5 In the Generated condition, the goal of 
100% predictability was not attained; the 
prescribed mediators were generated 
94% of all instances. That is, 
total of 800 Opportunities (40 


in 
out of a 
Ss X 20 


MARIAN SCHWARTZ AND MICHAEL F. WALSH 


pairs), there were 51 instance: 


in which 
Generated-condition Ss, 


whe ere in- 
structed to say aloud all five lette- of each 
item on the study trial, failed emit a 
third letter or, in a few Cases, itted a 
third letter that produced a nons © word, 
Those 51 pairs were deleted, : re the 
corresponding pairs in the othe: condi- 
tions; i.e, whenever a pair wa scarded 
for an S in the Generated con n, the - 
Corresponding pair was discard or the 
Supplied and Control Ss of the me sex 
who had been run in the same | The 
reported results are based on the ining 
Pairs. 

Recall trial. The proportion o. correct 
recall-trial responses among the Lining 
pairs was calculated for each The 
means of these proportions were .5. 5, .510, 
and .457 for the Generated, pplied, 
and Control conditions, respectivi The 
means for men and women wer: 6 and 
:514, respectively. A 3 X 2 anc! vsis of 
variance performed on an arc sii. trans- 
formation of the proportions indic-.:«d that 
mediator condition was just signi®cant at 
the .05 level, F (2, 114) = 3 while 
F « 1 for sex of S and for the ir. -raction 
between these two variables Se = 
150.31). A Subsequent analysis using 
Duncan's new multiple range test i;--licated 
that the difference between the Generated 


and Control conditions was significant 
(P < .05), but the difference between the 
Generated and Supplied, or between the 
Supplied and Control, was not (p > .05). 

Mediation questionnaire. The Ss were in- 
structed to enter on the questionnaire the 
Same response bigrams they had given on 
the recall trial and whatever mediators 
they had used on the recall trial for those 
responses. The mediator entries were ex- 
amined only for those pairs with a correct 
response entry on the questionnaire. In 
the Generated and Supplied conditions, the 
Prescribed mediators were entered for a 
very high proportion of these examined 
Pairs; the mean Proportions were .981 and 
:956, respectively. In the Control condi- 
tion, the mean Proportions were .709 for 
the prescribed mediators and .217 for other 
Mediators. (Examples of other mediators 


Tox d 
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are "Ireland—New York" for the pair 
IR—NY; “quick start" for QU—sT; and 
“The Mob” for TH—MB.) The Ss reported 
using no mediators for only a small propor- 
tion of these examined pairs (.020, .031, 
and .075 in the Generated, Supplied, and 
Control conditions, respectively). 


Discussion 


Looking first at the results for the Control 
condition, the present findings along with those 
of Schwartz (1971) and Pelton (1969) suggest 
that slow rates of presentation will increase 
the number of mediators generated spontane- 
ously (i.e., in the absence of instructions) and 
will consequently bring the level of response 
recall in the Control condition closer to that 
of the Generated and Supplied conditions. 

The principal result of the present experi- 
ment was the absence of a significant difference 


between the Generated and Supplied treat- 


ments. This outcome is consistent with the 
hypothesis that a bias against the Supplied 
condition, as explained above, accounted for 
the superiority of the Generated condition in 
earlier studies, and that the effect of this bias 
becomes insignificant when the predictability 
of the Generated mediators becomes suffi- 
ciently high (94% in the present case). The 
outcome was not clear-cut, however; even 
though the Generated-Supplied difference was 
not significant, there was a barely significant 
superiority of Generated—but not of Supplied 
—over Control. Furthermore, the present ex- 
periment was not successful in its attempt to 
attain 100% predictability of mediators in the 
Generated condition. Another comparison be- 
tween the Generated and Supplied conditions 
was necessary. 


EXPERIMENT II 


Various procedural changes were in- 
troduced in Experiment II in an effort to 
attain 100% control over the generated 
mediators and to increase the sensitivity 
of the response measure. No Control con- 
dition was used. Mediator condition (Gen- 
erated vs. Supplied) was made a within-S 
variable, in part to reduce error variance 
and in part to allow E to drop Ss who failed 
to generate mediators without having the 
dropping procedure introduce a bias into 
the comparison between the two conditions. 
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This is, if S failed to generate a prescribed 
mediator on the study trial in the Generated 
condition, all data for that S would be dis- 
carded. Various other changes, as de- 
tailed in the Method section, were made 
in an effort to increase the sensitivity of the 
response measure. 

In addition, Experiment II was designed 
to compare the Generated and Supplied 
treatments under conditions of both high 
and low interference. The results of the 
Schwartz (1971) study showed a tendency, 
albeit a nonsignificant one, for the superi- 
ority of the Generated condition to be 
greater on a delayed than on an immediate 
recall test. On the assumption that the 
delayed test allowed greater opportunity 
for interference with recall of the correct 
mediators, such a trend suggested that the 
Generated condition might show greater 
resistance to interference than the Supplied 
condition. This hypothesis was tested in 
Experiment II by interpolating between 
the study trial and the recall test certain 
reading tasks designed to produce high or 
low interference with recall of the ap- 
propriate mediators. The high-interfer- 
ence task involyed the reading of tri- 
grams selected to be maximally interfering ; 
the low-interference task involved reading 
three-digit numbers. The interpolated 
tasks also served to reduce the overall 
level of recall, thus minimizing potential 
ceiling-effect problems that might arise 
from the use of a shorter list than in 
Experiment I. 


Method 


Design. Interference (high vs. low) was a be- 
tween-S variable; mediator condition (Generated vs. 
Supplied) was a within-S variable. All Ss were 
shown two experimental lists, one under each 
mediator condition, with order of presentation 
balanced. Prior to the experimental lists, a practice 
list which included both supplied and generated 
pairs was shown to familiarize Ss with the procedure. 

Materials. The two experimental lists were con- 
structed by dividing the list of 20 bigram-bigram 
pairs used in Experiment I into two lists of 10 pairs 
each, designated List A and List B. The pairs were 
divided so that each third letter would occur about 
as often in one list as in the other, and so that each 
list would include five mediator words of one 
syllable and five of more than one syllable, A 
practice list of 6 bigram-bigram pairs was con- 


Ae SESS ETE SV a eS 


Lon NE ok tet 


EN oe ee 
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structed from six additional words (FRAME, DOUBT, 
IF TREND, GLOBE, SLIDE, and AMONG) by deleting the 
third letter. 
— For the trigram-reading interpolated tasks, a 
. different set of trigrams was used in conjunction 
with each of the three lists (practice list, List A, 
and List B), The task used with the practice list in- 
cluded 12 different trigrams. Each trigram was 
= Constructed by taking a stimulus bigram from the 
practice list and adding as the third letter a vowel 
3 which was not the appropriate third letter for that 
d bigram; e.g., for the stimulus bigram FR, a vowel 
_ other than A would be used since the prescribed 
2 mediator word was FRAME. Two different trigrams 


(e.g., FRE and FRU) were constructed in this way 
‘from each stimulus bigram. The tasks used with 
List A and List B each included 20 different tri- 
grams, constructed in like manner from the stimulus 
- bigrams of their respective lists. Over the entire 
- Set of trigrams constructed from a given list, each 
vowel was used equally often (List A and List B) or 
- approximately equally often (practice list) as the 
_ third letter. 
-.. For the number-reading interpolated tasks, a 
ifferent set of three-digit numbers was used in con- 
unction with each of the three lists. The items were 
- taken from a table of random numbers, excluding 
the digit zero. The task used with the practice list 
included 12, and those used with List A and List B 
included 20, different three-digit numbers. In each 
interpolated task, each item (trigram or three-digit 
number) was shown four times. Accordingly, the 
total number of items shown on the interpolated task 
was 48 (practice list) or 80 (List A and List B), 
Procedure, The Ss were run individually on a 
- practice list followed by two experimental lists. The 
- procedure for each list included a single study trial, 
followed. by an interpolated task, followed by a 
- recall test. 


the lists were presented on a 
Stowe memory drum at a 4-sec. rate. (The rate was 


Experiment I, 
— opportunities for 
Washed out any differences due to mediator condi- 
tion.) The format in which items were presented 
on the study trials was different from that used in 
- Experiment I. 


in the Generated condition, except that the third 
letter was missing and was represented by an under- 
lining bar. The interpolated reading task was pre- 
sented on a mimeographed sheet. The recall test 
Was in written form, on a Separate mimeographed 


8 The practice list consisted of three complete 
(ie, supplied) and three incomplete (i.e., generated) 
items. The instructions for this list indicated that 
in some cases S would be shown five letters spelling 
a complete word; in other cases he would be shown 
four letters representing an incomplete word and he 
should then complete the word by mentally adding 
the missing middle letter, which would always be 
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M ka! 


a vowel. In order to increase the prot 
S would be able to generate the prescri^ 
within 4 sec., he was instructed t 
through the vowels A, E, I, O, and 
trouble identifying an incomplete \ 
the complete and incomplete words 
Pronounce each word aloud as soon 

it and to try to remember the wor 
ment I procedure requiring S to s 


identified 
he Experi- 
t the five 


letters was not used, as spelling wou): © occupied 
too much of the 4-sec. interval.) the study 
trial on the practice list, S was given t! ‘erpolated 
reading task with instructions to reac d as many 


letters (numbers) as he could wit! 
time limit. The S was told that he n. 


1e 30-sec, - 


"t remem- ' 
ber the reading-task items, but that | uld go as 
fast as possible and should start re the first - 
column again if he finished before tim up. On | 
the subsequent written recall test, the stimulus — 
bigrams were shown on a mimeograph: 1cet, and 
S was instructed to write down the re ng three 
letters of each word, or as many of the :emaining. 
letters as he could, within the 30-sec. tis- limit. 

The procedure used for the two experi: ental lists 
followed the pattern of the practice list ept that 7) 
(a) 10 items were presented rather ti , (b) the 7 
study-trial instructions informed S w ondition 
would be represented by the forthco list and 
repeated the practice-list instruction propriate 
to that condition, and (c) the time lin as 60 sec. 
for the interpolated tasks and 45 sec the recall 
tests. (There was no mediation quest aire since : 
the recall test combined the function the recall 4^ 
trial and mediation questionnaire of E> -riment L)- 

On the experimental lists the order o! «+ esentation © 
used on the recall test was different fror hat on the 
study trial and, for generality, two difi: -cnt sets of 
study-and-recall orders were used. These orders 
were random subject to certain restrictions similar 


to those applied in Experiment I. Tw 
the practice list were used; those items which were 
in the Generated condition in one version were in 
the Supplied condition in the other. For generality 
on the interpolated tasks, two different orders of the 
items were prepared for each of the three trigram ~ 
and three number tasks. On each of the 12 inter- 
polated-task sheets, the items were arrayed in four 
columns with the order of the items being random, 
subject to certain restrictions such as that each item 
occur once in each column. 3 
Subjects. The Ss were students from an intro. — 
ductory psychology course, all of whom had English 4 
as their native language. Of the 64 Ss originally - 
run, 11 failed to say aloud a prescribed mediator 
word on the study trial of the experimental list for 
the Generated condition. Those 11 Ss were replaced 
with new Ss of the same sex, from the same pool. 
(It was necessary to run 14 in order to replace the 
11 with new Ss who generated all prescribed media- 
tors) Seventeen men and 15 women were assigned 
to each interference condition according to a ran- 
domized-blocks arrangement. Within each inter- 
ference condition, half the Ss received the two 
experimental lists in the Generated-Supplied order 


and half in the Supplied-Generated order. Within 
each of these two orders, half the Ss had List A for 
the Generated condition and List B for the Supplied, 
and half had the opposite arrangement. Within 
each of these subgroups the two versions of each 
practice list, the two study-and-recall orders for each 
experimental list, and the two orders of the inter- 
polated lists were used by equal numbers of Ss. 


Results 


The goal of 100% predictability of 
generated mediators was almost attained 
with the original set of 64 Ss; each of the 
11 Ss who were later discarded generated 
9 of the 10 prescribed words, so the pre- 
scribed mediators were generated in 629/ 
640 or 98% of the possible instances. With 
the final set of 64 Ss (i.e., after these 11 Ss 
had been replaced), the prescribed medi- 
ators were, of course, generated in 100% 
of the possible instances. Data will be 
reported only for the final set of Ss. 
(Results for the original set were very 
similar.) 

In scoring the number of correct re- 
sponses on the recall test, it was not 
necessary to distinguish between response 
bigrams (last two letters) and complete 
words; i.e., whenever the last two letters 
were correctly entered, the third letter that 
completed the word was also entered. 

The mean number of correct responses 
on the recall test was almost the same in 
the Generated (7.88) and in the Supplied 
(7.83) conditions. With the low-inter- 
ference treatment, mean correct responses 
were 8.28 and 8.19 in the Generated and 
Supplied conditions, respectively; with the 
high-interference treatment, 7.47 and 7.47. 

‘An analysis of variance was performed 
following the procedure of Grant (1949), 
with the two between-S variables of inter- 
ference (high vs. low) and order (Gen- 
erated-Supplied vs. Supplied-Generated) 
and the two within-S variables of mediator 
condition (Generated vs. Supplied) and 
ordinal position of list (first list vs second 
list). The only significant source of varia- 
tion was interference, F (1, 60) — 6.27, 
p < .05 (MS, = 2.99). No other main 
effector interaction approached significance. 
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Discussion 


The finding that the mean number of correct 
responses was significantly greater in the low- 
than in the high-interference condition was 
expected and is consistent with the results of 
other studies (e.g., Corman & Wickens, 1968; 
Pillsbury & Sylvester, 1940) that have found 
amount recalled to be an inverse function of 
degree of similarity between the to-be-recalled 
and the interpolated material. Contrary to 
the hypothesis suggested above, however, 
there was no interaction between interference 
condition and mediator condition, 

The principal result of Experiment II was 
the absence of a significant difference (F < 1) 
between the Generated and Supplied condi- 
tions. This outcome is consistent with that of 
Experiment I, and the results of the two 
present experiments are in conflict with the 
earlier studies (Bobrow & Bower, 1969; Bower 
& Winzenz, 1970; Pelton, 1969; Schwartz, 
1971) which found that instructing Ss to 
generate verbal mediators led to significantly 
better response recall than did supplying Ss 
with mediators. The disparate results may be 
interpreted as follows: In the earlier studies, 
a bias was operating against the Supplied 
condition because the supplied mediators were, 
in a substantial proportion of instances, differ- 
ent from those which the Supplied Ss would 
have generated for themselves. This bias was 
greatly reduced in the present Experiment I 
and virtually eliminated in Experiment II. 
That is, Experiment II not only compared 
identical mediators in the Generated and 
Supplied conditions but also maximized the 
probability that the supplied mediators would 
be the same as those which the Ss would have 
generated had they been so instructed. Once 
these two provisions were met, the effect of 
mediator origin per se could be rigorously in- 
vestigated, and the outcome of this investiga- 
tion was that mediator origin per se had no 
significant effect upon recall, 

It is recognized that this outcome might be 
limited to the materials used, materials which 
were, of course, selected so as to allow gen- 
erated and supplied mediators to be equated 
in all respects save origin. The main con- 
clusion to be drawn from the present results is 
that it has yet to be demonstrated, with any 
materials, that mediator origin per se has any 
effect upon recall. 
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DISCRIMINATIVE RELATIONSHIP BETWEEN COVERT ORAL 
BEHAVIOR AND THE PHONEMIC SYSTEM IN i 
INTERNAL INFORMATION PROCESSING ! i 


F. J. McGUIGAN ? ann C. L. WINSTEAD, Jr. 
Hollins College 


The purpose of this study was to establish a relationship between electromyo- 
graphic (EMG) measures of covert oral response patterns and class of linguistic 
input. The 12 Ss silently performed tasks (reading, viewing, memorizing, and 
recalling) that primarily involved bilabial verbal material (designed to heighten 
covert lip activity); they also covertly performed lingual-alveolar tasks 
(intended primarily to increase tongue activity). The results indicated that 
covert lip EMGs were especially prominent only during bilabial tasks, and 
that covert tongue EMGs were relatively prominent only for the lingual- 
alveolar tasks. Preferred arm EMGs were consistently heightened during both 
kinds of tasks, but left arm EMGs and leg EMGs were not. The speech and 
other musculature may participate in central-peripheral circuits by generating 
afferently carried phonetic codes that retrieve phonemes from a central store. 
While the neural phonetic code is not itself meaningful, it may facilitate 
semantic processing by differential retrieval of phonemes that do make differ- 


ences in meaning. 


Covert response patterns have been suc- 
cessfully measured during the performance 
of various linguistic tasks. These minute 
muscle activities have been hypothesized 
to function as components of complex 
neuromuscular loops during internal in- 
formation processing (McGuigan, 1970b, 
1973b; McGuigan & Pavek, 1972). More 
particularly, complex spatial-temporal pat- 
terns of neuromuscular events, especially 
those in the speech region, could make 
available a large number of parameters for 
the formation of verbal codes that are af- 
ferently transmitted in parallel channels to 
the brain. This afferently carried informa- 
tion could facilitate central coordinatio 1 of 
cortical speech regions by setting off intra- 
cerebral loops ; following this, efferent neural 
impulses would descend as circuit compo- 
nents that further interact with speech and 
other peripheral mechanisms. If the speech 
musculature does function in the genera- 
tion and transmission of abstract codes to 
and from the brain, then there should be a 
discriminative relationship between a spe- 


1 Many grateful thanks to Charles Osgood for 
helpful thoughts about this (and other) research. 

? Requests for reprints should be sent to F. J. 
McGuigan, Department of Psychology, Hollins 
College, Roanoke, Virginia 24020. 


cific pattern of covert oral behavior and 
the phonemic system (McGuigan, 1973a). 
It may be inferred from the limited evi- 
dence available at this time that covert 
oral behavior does respond differentially as 
a function of the class of linguistic input. 
For example, Blumenthal (1959) reported 
that tongue electromyograms (EMGs) were 
of significantly greater magnitude when 
Ss thought of saying lingual rather than 
labial words. In a series of experiments 
Locke (1970, 1971) and Locke and Fehr 
(1970, 1972) established that there is more 
lip EMG activity during the performance 
of various bilabial tasks than during similar 
nonlabial tasks. Furthermore, McGuigan 
(1973a) reported that there was a signifi- 
cant increase in lip EMG activity from 
baseline for one well-relaxed S while she . 
listened to verbal material that was domi- 
nated with bilabials; in contrast, there was 
no noticeable lip EMG increase while 
listening to nonlabial prose. 

While the forementioned experiments are 
quite suggestive that speech muscle be- 
havior is related to phonemic processing 
during the silent performance of linguistic 
tasks, in each study there was a measure 
from only one response area, either the lips 
or the tongue. To test the discrimination 
hypothesis more rigorously, we sought to 
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letermine whether or not two response Ss were administered a comprehensi test. 


“areas systematically change in the same S reading selections, each about 170 v- !> in length 
as function of the class of linguistic task,- Consisting of unrelated sentence: read in 
E g * counterbalanced order: One consi 'imarily of 


_ The hypothesis is that there is relatively — pilabial prose, intended to acces overt lip 
heightened covert oral behavior in the lips behavior, while the other emp! ! lingual- 
-— during labial input, and relatively height- alveolar, designed to heighten t activity, 
ened covert oral behavior in the tongue Mt rone, bes d E 
1 during lingual input. Fi urthermore, since dagger that Darryl lent Sandy loo o dull 
cerebral-somatic muscle circuits appar- cut thin cloth." : 
ently are not confined to the speech After the silent reading period, a | (memori 
usculature, previous reports of heightened oc) er was rp durin. which bh 

n ix sets of slides, each slide containing one worn 

|EMGs in the preferred arm (e.g., McGuigan or design, were visually presented to- h S: (a) a. 
^& Bailey, 1969) should also be confirmed. set of five bilabial words, eg, BOY, P ») a set of 
Ss five lingual-alveolar words, e.g., TOY ; and (d) 
2 a set of five meaningless design slid sisting of 
$ METHOD curves and lines in the format of word he visual 
i materials are available from the senior ‘ior. The 
Subjects. The Ss were 12 right-handed males and stimuli on all slides were equated í: so that 


- females, ages 11 to 20 yrs. reflected light was held approximat. « constant; 
Apparatus. The laboratory consists of four sound- The bilabial and lingual-alveolar wo: re mono- — 
-deadened rooms, all electromagnetically shielded syllabic, concrete, and matched for le length - 
with layers of radio frequency and magnetic liners and frequency of occurrence by the | dike and 
that effectively prevent the entrance of external Lorge (1944) word count. : 3 
signals within the frequency range of psychophysio- Examples of each set of slides \ presented - 
logical variables; two rooms were for Ss and the during an adaptation period prior t> ie testing | 
other two for control, recording, and quantification Periods so that the stimuli would be totally : 
apparatus. Grass gold E5G surface electrodes were novel, an effort to reduce general ar: reactions. - 
placed for EMG on the left and right dorsal fore- Next, during the presentation period,  . three sets 
arms and on the right lower leg (following Davis, of slides were successively viewe ı counter- 
1959). For lip EMGs one electrode was placed in balanced order; specifically, each sc í three $8 - 
he middle of the upper lip and one below on the Was randomly assigned to rows oí x< 3 Latin | 
lower lip. Specially constructed vacuum type elec- squares. The Ss were instructed to morize the 
_ trodes were placed approximately 2.5 cm. from the stimuli within each set in order of oc: nce. Each 
— tip of the tongue and separated from each other slide was viewed for 700 msec. with an 'erstimulus | 
by approximately 2 cm. Each EMG signal from interval randomly ranging from 750 to :,500 msec. 
the lips, arms, and leg was amplified 100,000 times After viewing each set of five slides, cere was à 
and from the tongue 10,000 times by a series of two rehearsal period of 20 sec, followis;; which Ss I 
"Tektronix 122 amplifiers and a Honeywell T6GA-600 recalled the words by writing them (rol period). 
urrent amplifier; the low cutoff filter setting was A relaxation period of about 2 min. loliowed 
.38 Hz. and the high cutoff setting was 1,000 Hz. recall period. 
P E. m wes Mies fonna recorded on a San- 
UY track magnetic data ta 
i recorder at 7.5 in/sec; one TENER Was. used IS RESULTS 
- record event signals that mark stimulus presenta- : 
‘tion, stimulus termination, etc. Standard practice Reading. For the reading session of the 
e a peni is to monitor Ss bcn and to experiment, EMG activity was measu E 
MS yy any inadvertent overt movements by enter- H E iti an 
_ing appropriate signals on one channel of t mag- during each rest (baseline) pei of 
. netic tape; overt responses are thus eliminated from during the following reading peri 
data analysis so that only covert behavior is studied. either bilabial or lingual-alveolar prose. 
‘The data stored on magnetic tape were displayed The measurement made was maximum 
ona Tektronix 564 storage oscilloscope and quanti- amplitude of EMG tracings within 1-seC 
fied, as specified below. F E h of the four — 
-— Procedure. The Ss were assured that they would intervals for each S during each o 
‘not be harmed and the electrodes were attached. 
The ‘Ss then relaxed (at least 1 min.) until a stable . 
baseline was achieved, following which they silently 3 The Ss demonstrated sufficient comprehension 
read a selection of prose placed in front of them on of the reading material (90% of the items of the a 
a reading stand. They signaled completion of the test were recalled) and sufficient recall of the words b 
reading by closing a microswitch with a minimal in the second phase of the study (85% of the items 
movement of the small left finger, following which were recalled). 


ELECTROMYOGRAPHIC MEASURES OF COVERT PHONEMIC RESPONSES 


TABLE 1 


© MEAN RESPONSE INCREASES (uv) FRoM RESTING TO 


SILENT READING PERIODS 


EMG response Bilabial Lingual-alveolar 

region reading reading 
Lips 

x 22.7* 2.2 

$ 17.8 9.7 
Tongue 

X 8.5 30.6* 

s 24.1 15.5 
Right arm 

X 6.8* 4.3* 

s 10.0 6.2 
Left arm 

8 1.6 

s 6.9 6.6 
Right leg 

X 24 2.7 

5 44 48 


*p <.05 


conditions A mean of the maximum am- 
plitudes for each S under each condition 
was then computed, and each mean value 


Table 1. There we may note, for instance, 
that lip EMGs increased from the resting 
baseline condition to the reading of bilabial 
prose by an average of 22.7 uv with a 
standard deviation of 17.8 pv; this increase 
in lip activity was significant, £ (11) = 4.61, 
p < 05. Alpha was set at .05 for all 
statistical tests. However, mean lip EMGs 
increased only 2.2 uv over baseline while 
reading the lingual-alveolar prose (p 
.05) (ns), with a standard deviation of 9.7 
uv. As a further test of the primary hy- 
pothesis, it was found that the increase in 
lip EMGs of 22.7 uv while reading the 
bilabial prose was significantly greater than 
the increase of 2.2 uv while reading the 
lingual-alveolar prose, t (11) = 3.80, P < 
.05. For tongue EMG amplitude, the re- 


NIMES 


4 The EMG signals for four Ss were also integrated 
for 1-sec. intervals (cf. McGuigan, 19703). The 
results of the two measurement pri ures were 
consonant, but since the effect to be reported below 
was more pronounced for the sample of four by the 
maximum amplitude measure, that technique was 
applied to all Ss. 
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verse was the case, viz., tongue EMGs did 
not significantly increase while reading the 
bilabial material, but did significantly in- 
crease while reading the lingual-alveolar 
material, t (11) = 6.82, $p < .05; further- 
more, the increase for the lingual-alveolar 
prose was significantly greater than for the 
bilabial prose, viz., t (11) = 3.32, 2 < .05, 
for the mean difference of 22.1 uv. 

The mean maximum amplitude of right 
arm EMGs significantly increased while 
reading both kinds of prose, £ (11) = 2.33, 
p < 05, and (11) = 2.35, p < .05, but 
the changes in the left arm and right leg 
measures were small and nonsignificant. 
No mean differences in arm and leg mea- 
sures as a function of type of prose ap- 
proached significance. 

Memorization. For the memorization 
session, the maximum amplitude of each 
EMG tracing was measured during a ran- 
domly selected 700-msec. period prior to 
each presentation of the slide; these values 
served as baseline measurements for the 
immediately following conditions of slide 
presentation, rehearsal, and recall. Maxi- 
mum EMG amplitudes were similarly mea- 
sured for each 700-msec. slide presentation 
period, and during randomly selected 700- 
msec. periods within each rehearsal and 
recall period. The amplitude measures for 
each baseline period were then subtracted 
from values during the corresponding pe- 
riods of slide presentation, rehearsal, and 
recall. Group mean differences are pre- 
sented in Table 2 where we may note that 
mean amplitude of lip EMG activity sig- 
nificantly increased over baseline during 
the presentation of bilabial words by 23.8 
uv with a standard deviation of 14.3 uv, 
t (11) = 5.75, P. < .05. During the pre- 
sentation of the lingual-alveolar words, lip 
EMG activity did not increase signifi- 
cantly, the change being only 6.5 uv. Simi- 
larly, during the rehearsal period lip EMGs 
significantly increased over baseline pre- 
sentation of the bilabial words, K er322 
uv, t (11) = 6.87, p < .05, but the change 
during the presentation of the lingual- 
alveolar words (10.1 uv) was not signifi- 
cant. Tongue EMGs behaved in the op- 
posite manner, i.e., the increase during the 
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TABLE 2 


BILABIAL AND LINGUAL-ALVEOLAR WORDS 


F. J. McGUICAN AND C. L. WINSTEAD, Jr. 


MEAN RESPONSE INCREASES (uv) FROM RESTING FOR 


Stimulus pre- Rehearsal 
EMG response ROSE 
region 
Bilabials | Linguals | Bilabials | Linguals 
Lip 
x 23.8* | 6.5 | 322* | 101 
s 14.3 10.4 16.2 18.8 
Tongue 
8.5 26.1* 6.1 33.7* 
s 19.0 22.1 27.0 35.5 
Right arm 
Xx 8.6* | 6.7* | 14.9* | 10.6* 
s 9.2 9.3 14.1 94 
Left arm 
X 54 4.5 6.7* $,2* 
s 11.6 7.2 9.9 47 
Right leg 
X 54 3.9* 6.3* 5.4 
s 8.7 4.6 7.6 10.9 


*p <05 


Presentation of bilabial words was rela- 
tively small, but the increase during the 
presentation of the lingual-alveolar words 
. was large, and significantly so, X — 26.1 
= av,t (11) = 4.10, < .05. Tongue EMGs 
— did not sizably increase during the re- 
- hearsal of the bilabial words, but did in- 
. Crease significantly during the rehearsal of 
t (11) = 3.27, 
Gs significantly 


1 = 3.23, p < .05, and £ 
= 2.49, p < .05, and also during both 
- rehearsal periods, ¢ (11) = 3.52, P < .05, 
and t (11) = 3.91, p < .05. In contrast, 
left arm EMGs did not significantly in- 
Crease during stimulus Presentation, but 
were significantly higher during the re- 
hearsal period than during baseline for both 
sets of words, ¢ (11) = 2.37, p < .05, and 
Ri (11) = 2.31, p < .05. Right leg EMGs 
“significantly increased for the lingual— 
- alveolar presentation and for the bilabial 
rehearsal period, 7 (11) = 2.93, p < .05, 
and # (11) = 2.37, p < .05. 

During therecall. period Ss overtly moved 
as they wrote words; hence, EMG mea- 
surement of covert behavior from the 

limbs is not meaningful during this session. 
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It is, though, a valuable find ;g that whi 
Ss were writing words, lip 1° \iGs si 

cantly increased over baseli:. hy 49,6 n 
for bilabial words, 4 (11) = b < .05 


there was a smaller, but < ignificant, 
lip EMG increase while w i 
alveolar words, X = 13.6 „y 


b < .05. Similarly, tong MGs in- 
creased to a greater extent le writing 
lingual-alveolar words, X = av, t (11, 
= 4.49, p < .05, than while v ig bilabial 
words, X = 14.1 uv, (11) = » P > 05, 
Our previous findings of covert behavior 
while writing words (McGu 1, 19703) 
are thus confirmed and exte. | by this 
differential relationship betwe mount of 
speech muscle activity and cl. of words 
written. 

Further tests of the prima: potheses 
were made as follows: First, i ses over 
baseline as a function of typ ide were 
compared. The increase in | I Gs over 
baseline while viewing lin alveolar 
slides (6.5 uv) was subtrac from the 
comparable mean increase w! |e viewing - 
bilabial slides (23.8 uv); the ...'/erence of - 
17.3 uv was significant, / ( = 5.26, 
b < .05. Comparable inc: ses in lip 


EMGs were also significantly !::zer during” 
rehearsal, 22.1 uv, £ (11) = 3.55, p 05 
and recall, 36.0 uv, £ (11) = 4.27, p < 05, 


for the bilabial conditions than for the E 
lingual-alveolar conditions. In contrast, - 
tongue EMGs increased significantly more 


during the three lingual-alveolar condi- 
tions than during the bilabial conditions; | 
for presentation by 17.6 uv, £ (11) = 257796 
P < .05; for rehearsal by 27.6 uv, t (11) 
= 3.43, b < .05; and for recall by 38.0 avi — 
t (11) = 2.42, p < .05. E 
Mean lip and tongue EMG values while © 
viewing the meaningless slides were sub- - 
tracted from EMG values during the two E 
word conditions. As expected, amplitude 
of lip EMGs was relatively sizable during — 
the three sessions for bilabial words and f 
relatively small during the lingual-alveolar - 
conditions. Similarly, tongue EMGs were 
always relatively large during the lingual- q 
alveolar conditions compared to values 


ELECTROMYOGRAPHIC MEASURES OF COVERT PHONEMIC RESPONSES 


during the meaningless slide conditions and 


t small during the bilabial conditions.* 


A final test was to compare increases 
over baseline during the meaningless slides 
vs. word conditions. It was found that lip 
EMGs increased significantly more over 
baseline while viewing the bilabial words 
than while viewing the meaningless slides, 
X = 29.0 uv, t (11) = 4.00, p < .05; the 
lip EMG comparison for the lingual- 
alveolar slides of 11.8 uv was not significant. 
Tongue EMGs increased 19.3 uv more 
while viewing the lingual-alveolar slides 
than the meaningless slides, / (11) — 4.17, 
p < .05; tongue EMGs increased only 1.3 
uv more while viewing the bilabial than 
the meaningless slides (p > .05). 


Discussion 


The general empirical conclusion is that 
there is relatively heightened covert tongue 
activity when silently processing externally 
presented verbal materials that consist pri- 
marily of lingual-alveolars; but tongue re- 
sponses are relatively reduced when processing 
primarily bilabial verbal material. Similarly, 
covert lip activity is relatively accentuated 
during silent bilabial processing, but is rela- 
tively low when processing lingual-alveolars. 
Thus there does seem to be a discriminative 
relationship between class of covert oral be- 
havior and the phonemic system while process- 
ing externally presented information. This 
conclusion is consonant with the interpretation 
that conditional linguistic sti nuli may evoke 
widespread covert linguistic response patterns, 
and that these neuromuscular patterns con- 
centrated in the speech muscle function in the 
generation and transmission of abstract verbal 
codes to the linguistic regions in the brain. 
More than this, the present results, together 
with consonant data summarized in the intro- 
duction, suggest that the code may be a pho- 
netic one. Hence, the complex volleys of 
afferent neural impulses generated by patterns 


5 The lip EMG differences during rehearsal and 
recall were significantly greater for the bilabial con- 
ditions than for the meaningless slide conditions, 
X = 17.9 pv, t (11) = 3.33, p < 05; and X = 35.3 
uv, t (11) = 4.61, p < .05, respectively. The dif- 
ferences in tongue EMGs were significant during 
presentation, X = 19.5 uv, t (11) = 2.70, p < .05, 
and during recall, X = 35.5 uv, ¢ (11) = 2.88, 
p < .05. 


889 


of covert oral and nonoral responses may carry 
phonetic codes that retrieve phonemes from a 
central store. For example, a neural volley 
with heavy loading from the lip musculature 
may carry a phonetic code that evokes the 
phoneme /b/, while a volley generated largely 
by tongue activity may retrieve the phoneme 
/t/. Though such neural codes may not 
themselves be meaningful, they may be re- 
sponsible for differences in meaning. In this 
example, when a person reads bad vs. lad, the 
information afferently carried by the initial 
phonemes would produce semantic differences 
by differential retrieval from a cerebral lexical 
store. 

An alternative interpretation to that of the 
musculature generating linguistic codes is that 
differential speech muscle activity merely re- 
flects central events, without actually con- 
tributing to the information processing. Even 
if a "reflection" interpretation were true, 
though, precise and sensitive electromyo- 
graphic recording of speech muscle activity 
would still be valuable by indirectly indicating 
the nature of central verbal processing— 
sensitive electromyographic procedures are 
more likely to provide indices of cerebral 
semantic activity than are electroencephalo- 
graphic recordings from the scalp. 

The distinctive oral activity as a function 
of external linguistic input that was demon- 
strated in this study suggests that speech 
electromyograms might also be a function of 
internally generated semantic activity. 

In conformity with previous findings (e.g., 
McGuigan & Bailey, 1969), activity of the 
preferred arm was also relatively heightened 
during linguistic processing. Perhaps more 
precise analyses than those conducted here 
would show that nonoral skeletal muscle, par- 
ticularly in the preferred arm, differentially 
responds as a function of class of internal 
input. This would be particularly so if covert 
responses in the writing arm are conditional 
responses to linguistic stimuli, perhaps ac- 
quired while learning verbal tasks like cursive 
writing. Alternatively, the right arm re- 
sponses might reflect increased activity in the 
verbal regions of the dominant (left) cerebral 
hemisphere that controls the right side of the 
body. 

Various tests of these two interpretations 
are possible. For example, the conditioning 
interpretation would be confirmed if it were 
shown that there are relatively heightened 
EMGs in the left arm of left-handed individ- 
uals, providing their speech areas are in the 
left cerebral hemisphere; or if it were shown. 
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at there is no relatively heightened preferred 
arm activity in those such as young children 
who do not use their preferred arm in writing. 
On the other hand, if the "cerebral control" 
_ interpretation is true, then activity in the 
right leg of right-handed individuals should 
| also be greater than in the left leg. 
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INTERNAL CONTOURS, INTERCONTOUR DISTANCE, 
AND INTERSTIMULUS INTERVALS: 


THE COMPLEX INTERACTION IN METACONTRAST* 


LESTER A. LEFTON? 


University of South Carolina 


Extent of metacontrast was examined as a function of introducing internal 
contours into the target, intercontour distance between the target and mask, 
and interstimulus intervals between the target and mask. Results showed 
that (a) introducing internal contours made the targets more susceptible to 
metacontrast; (b) intercontour distance produced increases in accuracy; 
and (c) accuracy was a monotonic function of the delay of a masking ring. 
The data were discussed in terms of a lateral inhibitory model of meta- 


contrast. 


Metacontrast is the phenomenal suppres- 
sion of one visual stimulus by a second visual 
stimulus, when the stimuli are nonoverlap- 
ping and fall within a critical time period. 
Metacontrast has been shown to be sensitive 
to a large number of variables, each of which 
affects the nature of the results obtained 
(Lefton, 1972/1973). As early as 1935, 
Werner (Werner, 1935) had suggested that 
metacontrast was critically dependent upon 
spatial factors, particularly the amount of 
intercontour distance between the target and 
the mask, Intercontour distance has been 
studied by a large number of investigators 
and the general results have been the same. 
When there is space introduced between the 
target and mask, the extent of metacontrast 
decreases. Estimates have been made of the 
amount of space that can be introduced with 
metacontrast still being produced. These 
have varied from less than .5° of visual angle 
to as much as 2° or 3°. The exact number 
of degrees of visual angle is probably less 
important than the fact that it is influenced 


1 The present project was supported by a grant 
from the National Eye Council, National Institutes 
of Health (1 R01 EY 01201-01). Partial support 
was also provided by the National Institute of Edu- 
cation (NE-G-00-03-0017-01) . 'These data were 
presented in part at the meetings of the South- 
eastern Psychological Associtaion, April 1974. The 
author thanks Douglas Cody for help in data col- 
lection and analysis. 

2 Requests for reprints should be sent to Lester 
A. Lefton, Department of Psychology, University 
of South Carolina, Columbia, South Carolina 29208. 


by a large number of stimulus and task 
variables. 

Intercontour distance produces profound 
effects on metacontrast, but other spatial 
variables affect the nature of the results as 
well. For example, Dember (Cox & Dem- 
ber, 1970; Ellis & Dember, 1971; Sherrick 
& Dember, 1970) has shown that manipulat- 
ing the nature of the target stimulus changes 
the extent of metacontrast. For example, in 
the study by Ellis and Dember, the stimuli 
were disks that were half black and half 
white, or disks with 4, 8, or 16 alternating 
black and white segments. The stimuli were 
masked with black rings. Ellis and Dember 
found that as the number of contours in the 
target increased, there was a decrease in the 
amount of metacontrast that was found. A 
disk with many contours was more difficult 
to mask than a homogeneous black disk or 
one that was half black and half white. 
Dember has interpreted these data (e.g. 
Dember & Stefl, 1972; Ellis & Dember, 
1971) in terms of the extent of inhibition 
that is generated by the targets. He has 
argued that with increasing numbers of con- 
tours more target inhibition is generated, 
thus making the mask less effective, Indeed, 
they found that the mask can have facilita- 
tive effects relative to a no-mask condition 
when internal contours are introduced. 

At present there are no data that examine 
the effects of internal contours on metacon- 
trast when intercontour distance is intro- 
duced. If more inhibition is being produced 
by a target with internal contours, then the 
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Ficure 1. Targets (upper portion) and masks 
(lower portion). (Two masks are presented on 
each trial so that the target falls within either the 
one on the left or the right.) 


effect of introducing intercontour distance 
should be diminished relative to the case 
when there are no internal contours. Most 
theories of metacontrast that argue lateral 
inhibition as the mediating factor account 
for the effect of intercontour distance through 
explanations of the spread of lateral inhibi- 
— tion from the target (e.g., Purcell, Stewart, 
. & Dember, 1968). In addition, these the- 
ories would also predict that both internal 
contours in the target and intercontour dis- 
tance would probably interact with an inter- 
stimulus interval between the target and 
. mask. In the present experiment, Ss were 
— presented with targets that were either 
homogeneous or that had three, six, or nine 


A 


alternating segments. The extent of inter- 
contour distance was varied, as was the in- 
terstimulus interval between the target and 
mask, 


METHOD 


Subjects. Forty students at the University of 
South Carolina served as Ss. All Ss were volun- 
teers; 20 were paid. All Ss had normal or cor- 
rected vision. 

Stimuli and apparatus. The stimuli were disks 
drawn with black ink on white cardboard. The 
masks were rings drawn with the same ink, There 

- were four different types of disks drawn, homoge- 
neous black disks or targets with three, six, or 
nine alternating segments. The disks with seg- 
ments appeared similar to a windmill, with alternat- 
ing black and white segments each of the same 
angle. The targets were .93 cm. in diameter and 
at a distance of 86 cm. subtended .6° of visual 
angle. The rings that were used as masks were 
the same rings used in the study reported by Lefton 
(1973). Figure 1 depicts the stimuli and masks 
used. 
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trial, one 


Two masking rings appeared on each 
to the left and one to the right. Th ter-to- 
center distance of the targets was 4° ° visual | 
angle. These rings were drawn so tha! «he inner È 
diameter of the ring subtended .6° of vi:1 angle 
and was thus adjacent to the target ulus or 
-10°, .20°, .30°, or .40° of visual ang! parated 
from the target—thus creating inte: wr dis- 
tance. The diameter of the ring wa ied de- 
pending on the extent of intercontou ance so 


that the width of the ring was consta t oa 
Procedure and design. Upon int: tion to 
the laboratory Ss were dark adapted { min. to 


the ambient room illumination. Durin: ‘Lis time 
they helped E align the target and m so that 
the target would fall just witbin the « - of the 
masking ring. This procedure was rer d at the 
beginning of each experimental sessi: > insure 
that there was precise alignment of get and 
mask. 

The Ss initiated their own trials ressing 
a switch. The following sequence of ulation 
would then be presented monocularly e right 
eye: fixation, target, interstimulus int: , mask- 
ing rings, and then fixation. The fixat eld was 
always illuminated except during the ! that the 
target or mask was presented. The get was 
presented for 10 msec., the mask fo: V0 msec. 
The interstimulus interval varied from | to trial 
and was either 0, 20, 40, 60, 80, or 10( ec, The 
interstimulus interval was the light f- ion field, 
and the background luminance of this « :nnel was 
equated to that of the other channeds 12 cd/m*. 

On each trial a target was present. either to 
the left or to the right of fixation. Ss were 
required to make a spatial forced cho © decision 
as to whether the target was presente to the left 
or to the right. The six interstimu!:: intervals 
were combined with the left and right presentation 
of the mask; these 12 conditions were randomly 


arranged in a block of trials and repeated in à 
different order 15 times, The first block of trials 
was considered practice and was not included in 
data analysis. The remaining 14 blocks of trials 
therefore provided 28 measurements for each S at 
each interstimulus interval. 

Each S served íor six experimental sessions 
using one target throughout all six sessions. The 
number of internal contours in the target was à 
between-Ss variable. Intercontour distance and 
interstimulus interval were within-Ss variables. 
Each of the experimental sessions was devoted to 
one intercontour distance, The first session was 
considered a practice session and was not included 
in data analysis. The order of the experimental 
sessions was counterbalanced across Ss to reduce 
practice effects. 


RESULTS 


The number of errors for each experi- 
mental condition for each S was computed 
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Ficure 2. Mean percentage accuracy for each interstimulus interval for 
all four types of targets for the intercontour distances of .0°, .20°, and 40°. 
(Each data point represents the mean of 280 observations.) 


and entered into an analysis of variance 
(Number of Internal Contours x Intercon- 
tour Distance X Interstimulus Intervals). 
All of the main effects and interactions 
were significant. Increasing the number 
of internal contours in the target brought 
about decreases in accuracy—the targets 
were more easily masked, F (3, 36) — 4.3, 
p « 0l. Increasing the intercontour dis- 
tance brought about increases in accuracy 
. with the target being more easily detected, 
F (4, 144) = 471, p <.001. Delaying the 
mask by introducing an interstimulus inter- 
val increased accuracy, F (5, 180) = 124.6, 
p <.001. Both the number of internal con- 
tours and intercontour distance interacted 
with interestimulus interval, F (15, 180) = 
22, p < 001, and F (20, 720) = 157, p < 
.001, respectively, Although the Number of 
Contours X Intercontour Distance interac- 
tion just reached significance, F (12, 144) = 
1.8, p =.05, the critical Number of Con- 
tours X Intercontour Distance X Interstim- 
ulus Intervals interaction was significant, 
F (60, 720) = 1.8, p < .001, as can be seen 
in Figure 2. This triple interaction indicates 
that with increasing numbers of internal con- 
tours the effect of intercontour distance as 


a function of interstimulus interval is de- 
creasing. 


DISCUSSION 


The present experiment was designed as a 
parametric investigation of the effect of in- 
troducing internal contours into a target masked 
by metacontrast. Increasing the number of 
internal contours decreased the difficulty by 
which targets were masked; thus a target with 
nine alternating segments was more easily 
masked than a target with three segments or 
one that was homogeneous, This result is in 
direct contradiction to those reported by Ellis 
and Dember (1971). This effect interacted 
with intercontour distance and interstimulus 
interval, suggesting that the ease by which a 
target was masked was relatively greater at the 
shorter interstimulus intervals and the greater 
intercontour distances. 

These results have important theoretical im- 
plications, for Dember (Cox & Dember, 1970; 
Dember & Stefl, 1972) has suggested that in- 
creasing the number of internal contours in a 
target will increase the level of inhibition, thus 
making the target more difficult to mask. In 
a series of studies examining the effects of in- 
ternal contours, Dember (e.g., Ellis & Dember, 
1971) has indeed found this to be the result. 
Yet in the present study increasing the number 
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.of internal contours has increased the target's 
susceptibility to masking, particularly when 
intercontour distance is introduced. Using 
- Dember's assumption of increased levels of in- 
hibition it could be argued that the lateral in- 
hibition that is generated increases the area 
over which the mask might have an effect. If 
this were the case, increases in intercontour 
distance would bring about smaller increases 
in accuracy when there are more internal con- 
tours. This is precisely the result of the pres- 
ent study. In addition, increasing the inhibi- 
tion level could make the target more distinct 
from the background. 

The increase in the number of errors that 
has been associated with increases in the num- 
ber of internal contours has been brought about 
mainly at the shorter interstimulus intervals. 
With increases in the number of internal con- 
tours, the slopes of the different functions be- 
come less steep. It has recently been found 
(Lefton, 1973) for different intercontour dis- 
tances that the slopes of metacontrast functions 
are very different at the short delays of the 
mask, but after about 40 msec. become similar 
in slope. Lefton has suggested that with in- 
creases in intercontour distance at least 40 
msec. are required for the mask to act in a 
similar manner to when the mask and target 
are exactly adjacent. The present results sup- 
port this conclusion, for with increases in the 
number of internal contours (and more inhibi- 
tion generated) all of the intercontour distances 
produced similar slopes—the magnitude of the 
Intercontour Distance X Interstimulus Interval 
interaction decreased. 

When the mask was delayed in the present 
experiments, accuracy of report reached asymp- 
totic levels at about 80-msec. delay. Perform- 
ance was near 100%; a ceiling had been 
reached. Yet, in the nine-segment condition 

. when the mask was delayed 80 or 100 msec., 
` asymptotic performance for all of the intercon- 
tour distances was at about 85%, about a 10% 
decrease in accuracy. A similar result has 
been reported by Cox and Dember (1972) and 
Dember and Stefl (1972); in both studies it 
was found that when the number of internal 
contours reached some level, the target became 
more difficult to see, even without a mask. 

The effect of the interstimulus interval was 
highly significant for all targets. In each case 
monotonic metacontrast functions have been 
obtained, with maximum metacontrast taking 
place at the offset of the target and decreasing 
as the interstimulus interval was increased. 
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Monotonic metacontrast function: have been 


reported in a number of studies (+ v., Eriksen, 
Becker, & Hoffman, 1970; Lefton. 970, 1973), 
and these data provide problem the inter- 
pretation of U-shaped metacon functions 


(e.g, Cox & Dember, 1972; 
Haber, 1965). Both Schurm: 
Lefton (1972/1973, 1973) ha: 
task differences may create di it results, 
for brightness may indeed be pendent of 
recognition accuracy (Eriksen d., 1970). 
The models that have been posi to explain 
metacontrast (e.g. Purcell et al., 68; Weis- 
stein, 1968) have as yet been un to account 
for these results. Weisstein’s m would be 
able to account for the present m onic func- 
tions by arguing that the target-to sk energy 
ratio was greater than 1:10. Ho ver, it has 
recently been shown (Lefton 73) that 
whether the target-to-mask enc: satio was 
greater or less than 1:10, there 10 differ- 
ence in the nature of the result Tonotonic 
metacontrast functions and U-s! masking 
functions are not spurious art of some 
methodological flaw, since both t of results 
have been replicated numero: nes, The 
critical variable or variables th distinguish 
between these factors have yet t specifically - 
identified, f 


\cisstein & 
972) and 
gued that 
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STIMULUS LABELING, ADAPTATION LEVEL, AND TI 
CENTRAL TENDENCY SHIFT? 


DAVID R. THOMAS? 
University of Colorado 


DORIS H. THOMAS 
Colorado Womens College 


Three groups of Ss (n — 20) were presented a 60? training stimulus (TS) line 
and subsequently were tested for recognition (i.e., generalization), either sym- 
metrically with values of 40°-80°, or asymmetrically with values of 40°-60°, 
One of the two asymmetrical test groups was instructed to label the TS line 


in terms of its position on a hypothetical clockface. 


The symmetrical test 


group yielded a decremental gradient peaking at the TS value, whereas the 
asymmetrical control (i.e., no label) group showed a central tendency shift 


with maximal responding displaced to 50°, 


The asymmetrical clockface group 


showed no shift but rather a sharp decremental gradient peaking at the TS 


value, 


adaptation level theory. 


‘subsequent responding. In a study ex- 
plicitly designed to investigate the role of 

— labeling, Thomas and DeCapito (1966) in- 
“structed Ss to make a voluntary finger-lift 

. response to a 490-nm. stimulus, but prior 
to the generalization test they were re- 
"quired to label the stimulus. Those who 
called the TS "green" responded more to 
longer (greener) and less to shorter (bluer) 

d wavelengths than those labeling it blue. 
‘This finding was subsequently replicated 
in a study reported by Thomas, Caronite, 
| la Monica, and Hoving (1968), in which 
- the “blue” or “green” label for the 490-nm. 
- TS was supplied by E rather than selected 
by S. In all of the aforementioned studies, 
the generalization test series was sym- 
metrical around the TS, and the shift in 
the location of the peak or the degree of 


> 
‘This research was performed at the University 
of Iowa during the spring semester, 1973, while the 
authors held visiting appointments in the psychology 
"department there. The writing was supported by 
National Institutes of Health Research Grant 
 H D-03486. 

* Requests for reprints should be sent to David 
R. Thomas, Department of Psychology, University 
of Colorado, Boulder, Colorado 80302. 


The results were discussed in terms of both verbal mediation and 


asymmetry obtained in the gra: nt was 
ascribed to a process of verbal 1. ‘ation, 
It was assumed that if S label he TS 
as, say, green, he would tend to espond 
increasingly to test stimuli to h that 
label was appropriate, perhaps eve- shifting 
his preference to a value “green: r" than 
the TS. 

In all of the examples cited aive, the 
use of a category label enhancec ihe ten- 
dency for S to make errors, i.e., t respond 
increasingly to non-TS values. ;e label 
need not always function in this «v, how- 
ever. If the label associated wiii: the TS 
were uniquely applicable to this stimulus 


(or to a narrow range of alternative values), 
then the resulting gradient should be 
sharpened and should peak unequivocally 
at the TS value. Since gradients normally 
peak at the value of the TS, however, the 
fact that they do so under a labeling con- 
dition could not beattributed unequivocally 
to a labeling effect. An experimental con- 
dition is required in which the gradient 
would peak elsewhere if not for the effect 
of the label. Such a condition is the use 
of an asymmetrical generalization test 
series where more test values are located 
to one side of the TS than the other. 
Giurintano (1972), Hébert, Origlio, and 
McGuirk (1972), Helson and Avant (1967), 
and Thomas and Jones (1962) have reported 
a tendency for Ss to respond maximally to 
a value near the center of the generalization 
test series regardless of the location of the 
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CENTRAL TENDENCY SHIFT WITH STIMULUS LABELING 


TS, This displacement in the locus of 
maximal responding has been called a cen- 
tral tendency shift, and it has been inter- 
preted within the framework of Helson's 
(1964) adaptation level (AL) theory. In 
the present experiment, asymmetrical test- 
ing was used in the "experimental" group 
so that a central tendency shift would 
presumably have occurred if not for the use 
of the label, 

In order to demonstrate that a uniquely 
appropriate label sharpens generalization, 
it is necessary to employ a condition in 
which relatively flat gradients are normally 
found. Finally, it is desirable to employ 
a TS which can be uniquely labeled, yet 
would not be labeled unless Ss were in- 
structed to do so. Unauthorized labeling 
should be held to a minimum so as not to 
contaminate the comparison between ex- 
perimental and control conditions. 

In summary, the purpose of the present 
experiment was to demonstrate that unique 
labeling of the TS would result in a sharpen- 
ing of the gradient and a peak at the TS 
value under a testing condition in which a 
central tendency shift would otherwise have 
occurred. The line angle test dimension 
was selected as meeting all relevant criteria 
for use in this study. Giurintano (1972) 
had already reported a central tendency 
shift following asymmetrical testing with 
this dimension, yet symmetrical testing 
with 5? spacing between test values pro- 
duced relatively flat but regular gradients 
peaking at the TS value. Finally, although 
line angle stimuli are not normally labeled, 
they can be labeled uniquely, following ap- 
propriate instructions. 


METHOD 


Subjects. The Ss were 60 female undergraduate 
students enrolled in introductory psychology courses 
at the University of Iowa in the spring semester, 
1973. 

Apparatus. The apparatus was a Scientific Proto- 
type two-field tachistoscope (Model 800F). 

Procedure. The Ss were divided unsystematically 
into three groups (m = 20). All Ss were exposed to 
the same TS, a black line 3.81 X .32 cm., oriented 
at 60° counterclockwise rotation from horizontal and 
centered in a circular field 7.62 cm. in diameter. 
Two control groups were given a standard set of 
instructions indicating that they were to be shown 
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a given line angle which they were to remember 
because they would be tested for recognition later. 
For the experimental (clockface) group, the in- 
structions were modified in the following way. The 
Ss were told: “Some people find it helpful in trying 
to remember this line to think of it as a hand or 
hands on a clockface. Try this yourself. What 
time would it be if the hand or hands were pointed 
in this way?” (The S’s response was then recorded.) 

One group (symmetrical control) was then tested 
for generalization with a series of nine line angles - 
from 40° to 80° in 5° steps. The second group 
(asymmetrical control) and third group (asym- 
metrical clockface) were tested with a series from 
40? to 60? in 5? steps. The designated stimuli were 
randomized within each series, and six different 
series were presented to each S. The TS was 
exposed for 1 sec. and the test stimuli were each 
presented for .1 sec. A period of 5-10 sec. (M = 7.5 
sec.) intervened between all stimulus presentations. 
During this time a blank white field was present, 
The S's task was to judge each test stimulus as the 
same as or different from the original and to respond 
as quickly as possible. The number of same re- 
sponses made to each of the test stimuli constituted 
a gradient of stimulus generalization. 


RESULTS AND DISCUSSION 


The labels employed in the asymmetrical 
clockface group included seven o'clock 
(n = 4), one o'clock (n = 4), five after 
seven (n = 3), one thirty-five (n = 2), 
two thirty-five (n = 2), twenty till two 
(n = 2), twenty till one (n = 1), twenty- 
five till one (n = 1), and ten after seven 
(n = 1). The Ss who selected the first 
two labels viewed the entire line as an hour 
hand; others used both minute and hour 
hands in their labeling. There was very 
little evidence of unauthorized labeling in 
the two control groups, most Ss reporting 
that they had tried to retain a mental image 
of the TS line angle but that it had not 
occurred to them to label it in any way. 

The mean generalization gradients of the 
three groups of Ss are presented in Figure 1. 
Only one wing of the gradient of the sym- 
metrical control group is presented to facili- 
tate comparison with the other two groups. 
The entire bidirectional gradient peaked at 
the 60° TS value and decreased systemati- 
cally with increasing changes (in both direc- 
tions) from this value. Fifteen of the 20 
gradients in this group showed more re- 
sponses emitted to the 60° TS than to any 
of the other test values shown in the figure. 


SYMMETRICAL CONTROL 


MEAN NUMBER OF RESPONSES 


60° 55° so 
LINE ORIENTATION 


ase 40° 


Ficure 1, Mean generalization gradients of the 
symmetrical control, asymmetrical control, and 
. asymmetrical clockface groups. (TS = training 
stimulus.) 


Note next that the gradient of the asym- 
metrical control group shows the expected 
. central tendency shift. Maximal respond- 

ing is displaced from the 60° TS to the 
|... most central test value, 50°; and the dif- 
ference in responding to these two stimuli 
— is statistically significant, £ (19) = 2.31, 
b < .05. Thirteen of the individual gra- 


3 
5 


... In contrast, consider the gradient of the 
= asymmetrical clockface group. As pre- 
dicted, this group yielded a sharp decre- 
mental gradient peaking at the 60° TS: 
Thirteen of the gradients in this group 
— peaked at the 60° value. To compare the 
— slopes of the symmetrical control gradient 
and the asymmetrical clockface gradient, a 
Group X Stimuli analysis of variance was 
performed. The interaction approached 
_ significance, F (1, 38) = 3.82, p < .06. 
-~ It had been predicted that (a) a system- 
atic decremental gradient would result from 
symmetrical generalization testing along 
the line angle dimension; (b) asymmetrical 
testing would result in a central tendency 
- shift; and (c) labeling the 60? TS would 
_ sharpen the gradient and prevent the oc- 
- currence of the central tendency shift. The 
results were clearly in accord with these 
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Eur = 


predictions, with the excepticn that th 
sharpening of the asymmetri: 
gradient did not quite achi: tatistical 
significance. 

It is appropriate to consid: he possi- 
bility that the lack of a shift he asym- 


metrical clockface gradient w 

the label per se but rather 

attention to the TS by Ss wl 

would be required to label i 
this possibility cannot be ı 

precluded, it should be note: 
were explicitly instructed to : 
line angle because they would 

recognition of this value late: 
unlikely that the labeling ta 

quire more attention than th: 
task had already elicited. 

The failure to find a cent: 
shift in the asymmetrical cli 
is consistent with a verbal 1 
pothesis. Note, however, th 
of a central tendency shift i 
metrical control gradient i: 
other process, i.e., an AL shi 


increased 
new they 
\lthough 
juivocally 
at all Ss 
id to the 
tested for 
It seems 
ould re- 
cognition 


tendency 4 
ce group 
tion hy- 
e finding 
ve asym- 
ites an- 
It is as- 


sumed (cf. Thomas, 1974) t in the f 
asymmetrical control group, © learns to 
respond not to the physical v. ue of the 
TS but rather to AL that cor: ponds to - 
the TS value at that time. As \: ting pro- 
gresses the asymmetrical test stimuli and f 
the TS are pooled to create a new, more 


centrally located prevailing AI. to which 
S now responds maximally. 

It is reasonable to ask whether AL and 
verbal labeling effects are mutually exclu- 
sive or may both occur, and perhaps inter- 
act. Arecent study by Tomie and Thomas 
(1974) presented evidence that peak shifts 
previously ascribed solely to verbal media- . | 
tion may be better interpreted within the 
framework of AL theory, taking into ac- ` 
count Helson's (1959) proposal that AL 
effects occur within but not across concep- 
tual categories. To test this hypothesis, 
in Tomie and Thomas’ Experiment I, $5 
were exposed to a green light of 505 nm. 
and then tested for generalization in one 
of three ranges: asymmetrical green (505- 
545 nm.), asymmetrical blue (465-505 nm.) 
or symmetrical blue/green (485-525 nm). 
Consistent with AL theory, the asymmetri- 
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cal-green group yielded a shift within the 
green category to 520 nm., presumably the 
result of pooling the green TS (505 nm.) 
with the green test values (505-545 nm.) 
to produce a new, longer wavelength pre- 
vailing AL. However, the asymmetrical- 
blue group showed no shift, suggesting 
that the AL could not shift from the green 
TS (505 nm.) toward the blue test values 
(465-505 nm.), since blue is in a different 
conceptual category from green. The sym- 
metrical test group showed a slight shift 
(to 510 nm.), reliably less than the shift 
for the asymmetrical-green group. Note 
that if verbal mediation (via stimulus 
labeling) were the sole process at work, both 
the asymmetrical green and the symmetri- 
cal blue/green groups would have shown 
the same amount of shift. The greater 
shift in the asymmetrical-green group is 
predictable from AL theory, however, on 
the grounds that greater asymmetry of the 
functional test series, i.e., a wider range of 
“green” stimuli, should produce a greater 
shift in prevailing AL for this group. 

With regard to the present experiment, 
it may be argued that those Ss who 
categorized the TS as, say, one o'clock 
showed no shift because the other line 
angles did not fall in the same conceptual 
category as the TS and thus there was 
no change in prevailing AL during testing. 
In conclusion, the results of the present 
experiment demonstrate an important role 
for stimulus labeling and encoding in gen- 
eralization. However, our findings, like 
those of Tomie and Thomas (1974), sup- 
port the view that rather than directly 
affecting responding via verbal mediation, 
stimulus labeling and categorizing defines 
the domain within which AL effects are 
subsequently manifested. 
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INTERPRESENTATION LAG AND REHEARSAL M: 
IN RECOGNITION MEMORY? 


formance on a continuous 


(CR) rehearsal conditions. 


effect of lag, 


A number of recent studies have shown 
at the effectiveness of item repetition in 
© verbal learning is directly contingent upon 


- Atkinson, 1968; Glanzer, 1969; Peterson, 


1963). 
Bjork (1971) has characterized the rela- 


: (a) items receiving spaced repe- 
a higher level 


in some nonmonotonic fashion, ie, an 

ptimal number of intervening items or lag 

.. exists, beyond which performance declines 
(e.g., Young, 1966). 

— While the above findings have in fact 

een reliably reproduced, it is not the case 


- Service. Thanks 
_ Varney, who 


Rice Uni- 


DONALD S. CICCONE axp JOHN W. BRELSFORD ? 
Rice University 


An attempt was made to evaluate the contribution of rehearsals to S's p: 
recognition task. Using three-digit numbers 

stimuli to minimize encoding variability, the spacing between successive i:. 

repetitions was systematically manipulated in variable (VR) and consta 
Performance on the third presentation of criti« 

items in both rehearsal conditions was observed following a constant long-ter: 
retention interval of 25 items, The VR condition resulted in an invert. 
U-shaped lag function. The CR condition, 
produced a higher overall level 
CR and VR conditions paralleled the performance data quite closely, 
findings suggest that when contextual variability is reduced, performance on 
recognition task may be mediated via rehearsal frequency. 


while attenuating any systema: 
of retention. Rehearsals in bo: 


that all have been established | 


g similar 
experimental paradigms. Any ise state- 
ment of the relationship bet spacing 
and retention is complicated the fact 
that it must be based on ti -ollective _ 
findings of studies using a wi wray of - 
experimental paradigms (cf. Mo >n, 1970) 
and differing in a number of "ent pro- 
cedural variables (e.g., single « multiple 
repetitions). An example of this com- 
plexity is encountered when o: :ttempts 
to specify the shape of the lag function. 


Many studies (e.g., Glanzer, 1959; Madi- 
gan, 1969; Melton, Reicher, & Shulman, 
1966) employing a free-recall task have 
found retention to be a monotonically in- 
creasing function of spacing, while others 
using continuous paired-associate tech- 
niques (e.g., Peterson et al., 1963; Young, 
1966) have observed an inverted U-shaped 
lag curve, suggesting the existence of some 
optimal lag value. 

Diverse theoretical accounts have been 
offered to explain the spacing effect. Since 
the spacing of repetitions is an input or 
storage variable, many recent studies have 
investigated it in the context of the en- 
Coding variability hypothesis. This aP- 
proach, suggested by Melton (1967), is a 
rather direct extension of Estes’ stimulus 
sampling theory (SST) (cf. Bower, 1972), 
which treats the experimental stimulus as 
a set of potentially conditionable elements. 
In accordance with SST, the critical item 
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ITEM SPACING AND CONTINUOUS RECOGNITION MEMORY 


and all aspects of its contextual environ- 
ment constitute potentially retrievable ele- 
ments. Any item given differential cues 
during input is then more readily recalled 
and/or recognized, since diverse relevant 
cues have been conditioned to it. 

A recent study by Winograd and Raines 
(1972) illustrates the encoding variability 
approach to the study of the spacing effect. 
In addition to manipulating lag, these in- 
vestigators also varied the semantic con- 
text in which items were presented. They 
concluded that not only semantic but tem- 
poral cues as well may be responsible for 
spacing effects in recognition. Similarly, 
D'Agostino and DeRemer (1973), using a 
free-recall task, were able to show that the 
lag effect is attenuated when items are 
presented in different associative contexts. 
The rationale underlying both studies was 
that contextual differences may serve to 
enhance the subsequent retrieveability of 
an item through the processing of more 
than one semantic cue during input. 
D'Agostino and DeRemer, however, noted 
that effecting a change in the encoding of 
the nominal stimulus may be effective in 
altering spacing effects "only when re- 
hearsal and organization among list items 
is curtailed [p. 113." 

An alternative to the encoding varia- 
bility approach to the investigation of the 
lag variable is suggested by the work of 
Bernbach (1971) and Atkinson and Shiffrin 
(1968), who place primary emphasis upon 
a rehearsal concept. An item is thought 
of as accumulating strength in memory as 
a function of the number of rehearsals it 
receives. According to the Atkinson and 
Shiffrin model, for example, an item ac- 
cumulates strength in long-term memory 
in proportion to its length of stay in a 
short-term buffer in which it is continually 
rehearsed. Using a procedure by which 
‘Ss’ rehearsal processes are made overt and 
hence accessible (cf. Rundus & Atkinson, 
1970), Rundus (1971) has been able to 
show that the lag effect in free recall may 
be plausibly attributed to differential re- 
hearsal. An analysis of Ss’ overt rehearsal 
protocols showed that maximum rehearsal 
occurred at the lag associated with the 
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highest probability of recall. In view of 
the utility of this rehearsal data in the free- 


recall context, it was reasoned that an overt — 


rehearsal procedure would be similarly use- 


ful in an investigation of the lag variable — 


in recognition memory. By manipulating 
Ss' overt rehearsal strategies, an attempt 
was made to test the hypothesis that, given 
an absence of contextual variation, the lag 
effect in recognition may be mediated via 
rehearsal frequency. While Rundus' study 
was primarily correlational in nature, the 
present study involved the manipulation 
of Ss' overt rehearsal strategies directly, 


thereby manipulating the resulting lag - 


curves, In order to eliminate any associa- 
tive aspects of the task, numbers instead of 
words were employed as stimuli. The 
choice of stimulus material was designed 
to reduce any variability of input cues 
(i.e., encoding variability) by providing a 
relatively homogeneous context during Ss’ 
encoding process. The present study was, 
then, specifically designed to render in- 
operative any differential encoding mecha- 
nism while manipulating Ss’ rehearsal 
strategies. 


METHOD 


Experimental design. Using a Shepard and 
Teghtsoonian (1961) type continuous recognition 
task and three-digit numbers as stimuli, Ss received 
three presentations of critical items. Lag between 
the first and second presentations varied from 0 to 
50, with 25 items intervening between the second 
and third presentations. A diagrammatical repre- 
sentation of the experimental design is given below: 


P, (0, 2, 4, 6, 8, 10, 12, 15, 20, 30, 40, 50 items) 
P. (25 items) Ps, 


where P;, Ps, and P; refer to the first, second, and 
third presentations of critical items, The 12 values 


of lag intervening between P; and Py are specified — 
in the above diagram. The 25-item retention inter- 


val was designed to exceed the limits of short-term 
memory and thereby insure a test of long-term 
memory on the third presentation. 

Procedure. The Ss were assigned, according to a 
block-randomized schedule, to one of two rehearsal 
conditions and then to one of two experimental 
lists. Each list was approximately 500 items in 
length, began with a 15-item primacy buffer, and 
contained a total of 8 different items at each of the 
12 values of lag. Buffer items were used to fulfill 
the requirements of the lag sequence. Lists were 
computer generated and had the following char- 


acteristics: (a) the assignment of critical items to — 


02 


g conditions was random; (b) the various lag 
‘values occurred in a random sequence; and (c) the 
robability that an item had never been seen before 
on any given trial was approximately .5. In addi- 
tion, certain constraints were placed upon the 
stimulus pool of three-digit numbers: (a) the con- 
secutive repetition of three identical digits was not 
- allowed; (b) no zeroes were permitted; (c) ascending 
— and descending sequences were not allowed; and 
(d) the items 707, 711, 727, and 747 were excluded. 
Stimuli were presented via a computer-generated, 
= closed-circuit television display at a 6-sec. rate with 
- 1 sec. intervening between trials. The Ss were in- 

structed to respond yes only if they were absolutely 
certain that a repeated item was being presented; 
otherwise, they were to respond no. The instruc- 
tions intentionally imposed a rather rigid criterion 
— for yes responses in order to minimize false alarms. 
The Ss responded by pressing a button on a key- 
- board which was connected to a computer. In 
addition to recording Ss' responses, the computer 
also controlled the rate of presentation. 

In order to directly manipulate Ss' rehearsal 
Strategies, two overt rehearsal conditions were em- 
ployed (cf. Rundus & Atkinson, 1970). In the 
variable rehearsal (VR) condition, Ss were in- 
structed to overtly rehearse pairs of items. More 
specifically, they were told that a pair of items 
€, a rehearsal set) was to be rehearsed during 
each stimulus presentation, i.e., during each pre- 
—sentation interval. In addition, Ss were instructed 
-to rehearse each newly presented item by substitut- 
ing it for one of the two items currently in the 
= rehearsal set. A constant rehearsal set size of two 
was thus maintained. Rehearsals were tape-re- 
corded, and the total number of rehearsals, as well 
) as the number of rehearsal sets, per item were 
tabulated as a function of lag. 

In the constant rehearsal (CR) condition, the 
"size of the rehearsal set was reduced to one, The 
- Ss were instructed to rehearse only the item being 
-.. presented exactly four times at a pace that would 
just fill the presentation interval. In both groups, 
_ Ss were told to make their recognition responses 
immediately upon the appearance of a new item 
- and to use the remainder of the 6-sec. presentation 
- interval for rehearsals. 

Subjects. The 36 Ss were all students at Rice 
University, who volunteered to participate. Al- 
though 18 Ss were employed in each rehearsal con- 
- dition, the total number of data points varied some- 
- what due to the occasional failure of Ss to respond 
during the presentation interval. Each point in the 
obtained retention and lag curves is thus based 
| upon 129-142 data points. 


RESULTS 


The effects of lag and rehearsal mode 
upon long-term recognition, as measured 
- by third-presentation performance, will be 
- presented following a consideration of the 
 second-presentation retention data. The 
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Ficure 1. Probability of a correct 'gnition 
on the second presentation of critical ites in con- 
stant and variable rehearsal conditions. 
second-presentation retention cu: ves for 
both VR and CR conditions are :^own in 
Figure 1. An analysis of variance | i these 
retention data indicated that the ` R con- 
dition was superior to the VR cv «dition, 
F (1, 34) = 8.68, p < .01. A m: effect 
of lag, associated with the declini: . reten- 
tion curves, was also significant, F «| 1, 374) 
= 11.61, < .01. There was no © »parent 
Lag X Rehearsal Condition in‘: “action, 
F (11, 374) = 1.42, p > .05. 

The mean number of rehearsals per item 


prior to its second-presentation iest was 
2.83 in the VR condition, while i: the CR 
condition this value was fixed at 4. It is 
apparent that when Ss are forced to re- 
hearse more, as in the CR condition, the 
slope of the retention curve becomes more 
shallow. Hellyer (1962) has reported simi- 
lar findings with respect to the number of 
repetitions in a free-recall task. 

The manipulation of S’s overt rehearsal 
strategies, in addition to producing differ- 
ential second-presentation retention, was 
also quite effective in producing differences 
in long-term retention on the third pre- 
sentation of critical items. The mean 
probability of a correct recognition, aver- 
aged across lags, was .52 in the VR con- 
dition and .67 in the CR condition. This 
difference was reflected in a significant effect 
of rehearsal condition, F (1, 34) = 8.21, 
Pb < .01. A significant effect of lag was 
observed, F (11, 374) = 10.79, p < .01, as 
well as a significant Lag X Rehearsal Con- 
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Ficurr 2, Mean number of total rehearsals per 
item prior to third presentation and probability of 
a correct recognition on third presentation, both as 
a function of lag (variable rehearsal condition). 


dition interaction, F (11, 374) = 4.81, 
p «.01. 

The principal findings relating perform- 
ance and rehearsal are presented in Figures 
2 and 3, in which the probability of a 
correct recognition on the third presenta- 
tion of critical items in each rehearsal con- 
dition, as well as the mean number of 
total rehearsals per item, are plotted as a 
function of lag. An inverted U-shape char- 
acterizes the lag function in the VR con- 
dition (cf. Peterson et al., 1963; Young, 
1966). The lag curve in the CR condition, 
on the other hand, appears to be a straight 
line, The dissimilarity of the resulting lag 
curves may be attributed in a causal, and 
not merely correlational, sense to the dif- 
ferential rehearsal strategies that were im- 

upon S. It is apparent that the 
rehearsal data parallel the performance 
data quite closely in both rehearsal condi- 
tions, The obtained correlation coefficient 
between rehearsal and performance data 
for the VR condition was .89. 

It is also useful to partition Ss’ total re- 
hearsals into their first- and second-presen- 
tation components (cf. Rundus, 1971). The 
mean number of rehearsals during an 
item's first presentation and prior to its 
second, as well as during its second presen- 
tation and prior to its third, is given in 
Table 1. It is quite apparent that more 
rehearsal occurs following an item's second 
presentation than following its first. Re- 
hearsals during and following an item’s 
first presentation appear to be relatively 
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TABLE 1 


MEAN NuMBER OF REHEARSALS PER ITEM DURING 
AND AFTER FIRST AND SECOND PRESENTATIONS 
(P; AND Ps) IN VARIABLE 
REHEARSAL CONDITION 


X rehearsals | X rehearsals 
X total re- 
Lag during Pa | during Ps |. hearsals prior 
25 uc e RR 
0 1.81 2.32 4.13 
2 3.01 3.24 6.25 
4 2.81 3.88 6.69 
6 3.12 443 1.25 
8 3.32 4.43 7.75 
10 3.03 4.97 8.00 
12 2.94 5.39 8.33 
15 3.13 4.37 7.50 
20 2.88 3.75 6.63 
30 2.64 3.42 6.06 
40 2,69 3.19 5.88 
50 2.63 3.12 5.75 


constant across lags with the exception of 
lag zero, where S's opportunity to rehearse 
is severely limited. It is also apparent 
that the differential rehearsal that occurs 
as a function of lag (see Figure 2) takes 
place following an item's second presenta- 
tion (cf. Rundus, 1971). 

Due to its possible theoretical signifi- 
cance, the rehearsal data were conditional- 
ized upon S's second-presentation response, 
Figure 4 shows the mean number of re- 
hearsals per item following correct and in- 
correct responses on the second presenta- 
tion of critical items in the VR condition. 
The mean number of rehearsals per item 
following a correct response on Presenta- 
tion 2, across lags, was 4.96, while the 


ra (COMMECT Hcet Tim) 


914404994 à m » o ry 


m 

Ficure 3. Mean number of total rehearsals per 
item prior to third presentation and probability of 
a correct recognition on third presentation, both as 
a function of lag (constant rehearsal condition). 
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— _ FIGURE 4. Mean number of rehearsals per item 
- following second but prior to third presentation, 
= conditionalized upon correct and incorrect second 

presentation responses (variable rehearsal condition). 


-. corresponding value for incorrect responses 
- was 2.74. A two-factor within-Ss analysis 
- of variance indicated that this difference 
- was significant, F (1, 17) = 9.76, p < .01. 
- The consistency of this effect across Ss, 
. lags, and items is illustrated by the fact 
- that approximately 82% of those items 
. that were correct on their second presenta- 
_ tion received more and not less than the 
number of rehearsals accorded incorrect 
items. A significant effect of lag was also 
observed, F (11, 187) = 8.92, p < 01, but 
there was no Lag X Response interaction, 
F (11, 187) = 1.39, p > .05. 

Additional evidence concerning the role 
of rehearsals in the mediation of S’s recog- 
nition performance is provided by Figure 
5, in which the probability of a correct 
- recognition is plotted as a function of the 

total number of rehearsals accorded an item 

in the VR condition. The probability of a 
correct recognition is apparently a mono- 

tonically increasing linear function of num- 

ber of rehearsals. 


The number of different rehearsal sets in 
which an item occurs was also recorded as 
-a function of lag. The number of rehearsal 

sets per item, at each value of lag, was 
approximately half the number of re- 
hearsals, and for this reason, parallels the 
total rehearsal data in all essential aspects. 
In fact, any statement made with respect 
to the total number of rehearsals could 
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just as easily be said of the -mber of 
rehearsal sets. 

The false-alarm rate as : 
trials was calculated by divid 
perimental session into quart: 
termining the percentage of : 
to buffer items as well as to í 
tions of critical items in each q 
false-alarm rate was approxi 
stant across trials in both reh 


ction of 

each ex- 
and de- 
esponses 
resenta- 
er. The 
ely con- 
ıl condi- 


tions. The means in each qu (across 

both rehearsal groups) were 08, .09, 3 

and .11 (the overall mean was © 5). 1 
DISCUSSION 


An unambiguous interpretation 
nition performance in terms of t! 
ber of rehearsals accorded critica! : 
proceed until the rehearsal set da 


S's recog- 
tal num- 3 
is cannot 
\luded to 7 


above, are put in proper perspec: Tt may 
be the case, for example, that at | 2, where 2 
the number of rehearsal sets is | st, S en- 3 
codes a maximal number of coi «tual cues 
which serve to facilitate his subs: nt recog- i 
nition performance. This enco'ing varia- 
bility interpretation of the prese: results is | 
rendered somewhat implausible, ho vever, since 


pecifically 
tual varia- 
:d that Ss 
re oppor- 


the use of numbers as stimuli wa 
designed to reduce any such cont 
bility. In addition, it should be : 
in the VR condition were given : 
tunity to process differential cues during input | 

than were Ss in the CR condition. If number 7 
of potential retrieval cues was a salient varia- 
ble, then the overall performance level of the 
VR group should be higher than that of the E 


PRIGORRECT RECOGNITION) 


? 845 6 7 & 9 ON t (5 M Me 


NUMBER OF REHEARSALS 


FIGURE 5. Probability of a correct recognition 
on third presentation as a function of the tota 
number of rehearsals an item receives prior to its 
third presentation (variable rehearsal condition). 
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CR group. As was noted above, however, the 
reverse is in fact the case. It is possible to 
interpret this finding as evidence against an 
encoding variability mechanism being opera- 
tive in the present task. However, since the 
number of rehearsals was not equated in the 
two rehearsal conditions, it may be that a 
higher number of rehearsals in the CR condi- 
tion effectively masked any benefit deriving 
from an encoding variability mechanism. So 
while an encoding variability interpretation of 
the present results is not ruled out, neither is 
it viewed as a plausible alternative. 

It is apparent that when contextual varia- 
tion is eliminated or reduced, as in the present 
study, rehearsal frequency is in fact a critical 
factor mediating the effect of spacing in recog- 
nition, This finding is viewed not so much as 
an explanation as it is an indication of the 
type of empirical phenomenon of which any 
model must take account. Quite obviously, 
the results of the present study suggest a 
model that places considerable emphasis upon 
rehearsals. One such rehearsal model which 
has already been fit to the spacing effect in 
paired-associate learning has been reported 
by Brelsford et al. (1968). Their model is a 
direct application of the Atkinson and Shiffrin 
(1968) memory model to the situation in which 
S receives multiple reinforcements on critical 
items. In general, an item is viewed as ac- 
cruing strength in long-term memory as a 
function of the length of its stay in a rehearsal 
buffer, An item that is presented for study is 
introduced into the rehearsal buffer with some 
probability a if S cannot retrieve it from short- 
or long-term memory. The reasoning is that 
S will not attempt to actively rehearse those 
items that can be correctly retrieved. The 
conditional rehearsal data presented in Figure 
4, however, appear to contradict this expecta- 
tion. If Sis able to correctly retrieve an item 
(i.e., if he makes a nonguessed correct response 
on the second presentation) it appears that he 
rehearses the item more rather than less, con- 
trary to the prediction of the Atkinson and 
Shiffrin model. Since the guessing level is 
very low (the overall false alarm rate is .095) 
this finding cannot be attributed to chance 
factors. In addition, it is apparent from 
Figure 4 that the effect is more pronounced in 
the case of longer lags, where it is clear that 
S must correctly retrieve the item from a long 


term store. 

In the present study, it would appear that 
S elects to give extra rehearsals to those items 
he recognizes as repetitions to the exclusion of 
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those items he does not so recognize. The 
reason for this strategy may lie in the fact 
that the instructions clearly indicated that 
some and not all items were to be given 
multiple presentations, and the obvious impli- 
cation was that these were somehow items 
that should be remembered. In any event, 
it is clear that there must be some point at 


-which an item is so readily accessible from 


long-term storage that it is in fact no longer 
rehearsed (e.g., S does not find it necessary to 
rehearse his name each time he hears it). The 
relationship between an item's status in mem- 
ory (ie., its accessibility) and the subsequent 
pattern of rehearsals which it receives is the 
subject of a series of experiments currently in 
progress in our laboratory. 
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MODALITY AND THE TRANSFORMATION PROBLEM 
IN PAIRED-ASSOCIATE LEARNING OF CHILDREN ' 


SALLY DIVELEY ? anp F. MICHAEL RABINOWITZ * 
Tulane University 


A modified study-test procedure was used to investigate possible modality 
transformation problems in the paired-associate learning of third-grade 


children. 


The Ss were asked to point to the correct test-response item. 


Stimulus mode (picture vs. word), study-response mode (picture vs. word), 
and test-response mode (picture vs. word) were factorially combined on 
both the original learning and transfer tasks. On the transfer test, given 
after S reached original learning criterion, the test-response mode was 
changed from pictures to words or vice versa. Consistent with the con- 
ceptual peg hypothesis, pictures, as compared to words, required less trials 
to criterion in both the stimulus and test-response modes during original 
learning. Evidence of modality transformation difficulties was obtained in 
the transfer analyses, as different response modes on the study and test trials 


interfered with transfer performance. 


The present experiment was designed to 
investigate intermodality transformation 
problems in paired-associate learning and 
to test further Paivio's (1970) conceptual 
peg hypothesis. The experiment is an 
extension of studies reported by Dilley and 
Paivio (1968; preschool, kindergarten, and 
first-grade children were Ss) and Paivio 
and Yarmey (1966; adult Ss). In the 
Paivio experiments, stimulus mode (pic- 
ture vs. word) and response mode (picture 
vs. word) were factorially combined. The 
Ss were required to verbally recall re- 
sponses. Pictures of objects led to faster 
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Louisiana 70118. 


paired-associate learning when they oc- 
curred as stimulus items, but slower learn- 
ing when they occurred as response items. 
The response-item effect was largely re- 
stricted to the children. Paivio offered 
the conceptual peg hypothesis in order to 
explain the superiority of pictures to words 
as stimuli. The hypothesis is that high- 
imagery terms should function as better 
stimulus pegs from which associates can 
be hung and retrieved. If the conceptual 
peg hypothesis is correct and backward 
(response-stimulus) as well as forward 
(stimulus-response) associations facilitate 
learning, then pictures also should be 
superior to words as response items since 
both forward and backward associations 
are formed during paired-associate learning 
(e.g., Cole & Kanak, 1972). It is assumed 
here that Paivio and his colleagues failed 
to find a facilitative effect of pictures as 
response items because Ss are deficient at 
transforming a representation stored in 
one modality to a different retrieval mo- 
dality in the test situation employed. 
There is ample evidence demonstrating 
that both children and adults have dif- 
ficulty transforming modalities in some 
situations, but not in others (e.g., Jenkins, 
Neale, & Deno, 1967; Jenkins, Stack, & 
Deno, 1969; Tversky, 1969, 1973). Since 
it is often presumed that younger children 
are inferior to older children and adults 
in their ability to transform modalities — 
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(eg. Paivio, 1970), it is instructive to 
examine Tversky's (1973) experiment. She 
— required preschool children to identify the 
- second of two consecutive stimuli, inde- 
pendent of stimulus modality, as either 
the same as or different from the stimulus 
that preceded it. For example, the child 
— was instructed to indicate whether a pic- 
- ture of a box following the word box was 
the same or different. The stimuli were 
four pictures and their four aurally pre- 
sented verbal labels. Each child expe- 
rienced 80% of the test stimuli in one 
- modality and the remaining 20%, the 
surprise test stimuli, in the other modality. 
The children responded to the test stimuli 
in the surprise modality more slowly than 
_ they responded to the other test stimuli, 
_ independently of the modality of the prior 
_ or study stimuli. Tversky concluded that 
- "either pictorial or verbal codes can me- 
diate memory of either pictures or words 
"in accordance with task demands 
[p. 153].” 

It might be possible to abstract from 
Tversky’s (1973) results the conditions for 
successful performance in situations in 
which items are studied in one modality 
and tested in a different modality for Ss 

at most age levels because her Ss were 
= quite young. These conditions appear to 

be (a) an expectation of being tested in a 

particular modality, and (b) an exposure 

to the items in the test modality. Both 
these conditions should tend to increase 
the probability that S stores a stimulus 
in more than one modality and rehearses 
the stimulus in the test modality, (Note 
that rehearsal is not necessarily assumed 
to be verbal or overt.) Accordingly, the 
two conditions promote successful per- 
formance not because they directly facil- 
itate the transformation processes, but 
because they eliminate the necessity of 
transforming across modalities during test- 
ing. Paivio and his colleagues did not 
present verbal labels for the response items 
to Ss that experienced pictures in the 
response mode. Children are less likely 
to spontaneously produce labels for re- 
hearsal than are adults (eg., Flavell, 
Beach, & Chinsky, 1966). This probably 
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accounts for the greater rement in 
children’s than adults’ perf. 
pictures as compared to wo: 
items. 

In order to investigate ir: 
formation problems and to 
Paivio's (1970) conceptual ; y 
a modified study-test proce. ve 
vised in which response lea g was un- 
necessary.4 The S was ask » point to © 
the correct responses on te ials. The% 
design of both the origina! . ;rning and 
transfer portions of the ex;. ‘ment was 
a2 X 2X 2 X 2 factorial: $ :lus Mode 
(picture vs. word) X S: -Response 
Mode (picture vs. word) X ‘| -Response 1 
Mode (picture vs. word) X After S 
reached criterion during origi :| learning, 
the transfer task was adminis «d. There 
was no change from origina! -arning to 
the transfer task in either stimulus- 7 
response pairings or the ulus and 


study-response modes, bu: test-re- T 
sponse mode was changed froi. picture to | 
word or word to picture. 

Since Ss seem to be able use either 
Pictorial or verbal codes to m: 'iate mem- 4 
ory when tested in a familiar «> expected 
modality, the only occasions in he present 
experiment that different, as ..mpared to 
the same, study-response and :-«t-response 
modes should adversely affect performance 
are early in original learning and early in 
transfer. On the first test trial of both 


the original learning and transfer tasks, 
the test-response mode would be unex- 
pected and unfamiliar to those Ss ex 
periencing different study-response and - 
test-response modes. As training prog- 
resses, these Ss should begin to store the |) 
Tesponse items in both modalities and 
rehearse in the test-response modality: 
Since the transfer task occurred after as- 
sociation learning was presumably com- 
pleted in original learning, the early trans: 
fer trials should provide a more sensitive - 
test of transformational difficulties than 
the early trials of original learning. The | 
latter should reflect both association learn- - 


ing and transformational processes. 

eU e Dr +f 
“Lynch and Rohwer (1971, 1972) used a similar 
rocedure, 


EFFECTS OF CHANGING STIMULUS AND RESPONSE MODES WITH PAs 


During original learning, but not during 
transfer since association learning should 
have been completed, the picture stimulus 
mode should facilitate acquisition com- 
pared to the verbal stimulus mode, repli- 
cating earlier findings and providing ad- 
ditional support for the conceptual peg 
hypothesis. It is necessary to consider 
the early trials of original learning and 
overall original learning separately when 
discussing the study-response and test- 
response modes. As noted above,.it was 
expected that Ss would rehearse using the 
study-response mode early in original 
learning and switch to the test-response 
mode as original learning progressed. If 
both this expectation and the conceptual 
peg hypothesis are accurate, then pictures 
should facilitate performance compared to 
words in the study-response mode early in 
original learning and in the test-response 
mode over all of original learning. 


METHOD 


Subjects. The Ss were 48 boys and 48 girls in 
the third grade. They ranged in age from 7.9 to 
9.3 yr., with a mean of 8.6 yr. The Ss were drawn 
from a predominantly middle-class school district. 
Approximately 9096 of the Ss were white; the 
remainder were black. An additional 5 Ss were 
tested and dropped from the experiment for reasons 
enumerated below. Since superior performance in 
both original learning and transfer is positively 
correlated with age on paired-associate tasks (e.g., 
Rabinowitz & McClinton, 1971), the youngest age 
group with sufficient reading skills for the method 
employed was chosen. (Half of the second graders 
tested in a pilot experiment did not have sufficient 
reading skills.) It was thought that older Ss would 
make very few errors on the transfer task, a par- 
ticularly important part of the experiment. 

Materials. Five red line drawings of familiar 
objects and their noun labels printed in red were 
used as the stimulus items. The study-response 
and test-response items were five black line draw- 
ings of familiar objects and their noun labels 
printed in black. The stimulus and response items 
were colored differently in an attempt to minimize 
Ss’ confusion about the task. The pairs for both 
original learning and transfer were BIRD-SHOE, 
CAR-FLOWER, HAT-STAR, MAN-CHAIR, and TREE- 
HAND. These pairs were chosen to approximate 
those used by Dilley and Paivio (1968). Each 
study pair consisted of a stimulus item and a 
study-response item appearing side by side on 
separate study cards (84 X 11 in.). Each stimulus 
item appeared on separate test cards (5 X 7 in.) 
as did each test-response item. A separate deck 
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of 20 pretest cards (5 X 7 in.) was also constructed, 
with each card consisting of a single item. The 
cards depicted the five stimulus items in red and 
the five response items in black in both word and 
picture form. A clicking device was used to signal 
the timed presentation rates. 

Procedure, Six boys and six girls were randomly 
assigned to each of the eight groups determined 
by the factorial combination of Stimulus Mode 
(picture vs. word) X Study-Response Mode (pic- 
ture vs. word) X Test-Response Mode (picture vs. 
word). Each S$ was tested individually in a room 
at his school. To begin the session, S was asked 
to name each of the pictures and read each of the 
words one time on the 20 pretest cards at his own 
pace. The S had to correctly identify all 20 items 
to remain in the experiment. Two Ss were dropped 
because they could not read all the words. 

Each § was then instructed about the paired- 
associate task. The E said: 


I am going to show you some pictures and/or 
words. I am going to show you them two at 
a time, two things go together, and you should 
try to remember them together, like partners. 
After you have seen them all, then I am going 
to show you just one of the partners to see if 
you can point to the other partner. The partners 
will always be the same and you will have plenty 
of tries to get them right. 


A study trial was defined as the successive 
presentation of the five study cards for 5 sec. each. 
On the test trials each of the five stimulus cards 
was presented for 5 sec. and S’s task was to point 
to the correct one of five test-response cards which 
were mounted on a bulletin board. The test- 
response cards appeared in constant positions across 
the test trials during original learning; however, 
the test-response board was not visible during the 
study trials. Prior to the start of a test session 
with S, the test-response cards to be used during 
original learning (transfer task) were shuffled to 
determine where each card would be mounted on 
the bulletin board used for the original learning 
(transfer) test trials. The only restriction on the 
randomization was that every S experienced a dif- 
ferent arrangement of the test-response cards 
during original learning and transfer. Furthermore, 
the study cards were not visible on the test trials, 
nor was information feedback provided on the test 
trial. Therefore, S only had the opportunity to 
learn about the item pairings on the study trials. 
However, it was possible that S could have inci- 
dentally learned the positions of the test-response 
items on the bulletin board. In order to ensure 
that the stimulus-response associations acquired 
during original learning, but not a chain linking 
stimulus-response association to test-response item 
position, could facilitate transfer performance, the 
test-response cards appeared in different positions 
during original learning and transfer. 

Each S viewed the same study cards (stimulus 
cards) during each study trial (test trial) in both 
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TABLE 1 
Group MEANS FOR EACH OF Four DEPENDENT VARIABLES 
Variable Group 1 | Group 2 | Group 3 | Group 4 | Group $ | Group 6 | Groun 7 | Group 
"5 Stimulus mode (original learning | 
and transfer) Picture | Picture | Picture | Picture | Word | Word | Wor | Word 
Study-response mode (original ; | 
learning and transfer) Picture | Picture | Word | Word | Picture | Picture | Wor? | Word 
-.— Test-response mode (original | 
Y learning) Picture | Word |Picture| Word | Picture | Word | Picture | Word 
 Test-response mode (transfer) Word | Picture | Word | Picture | Word | Picture | Word | Picture 
Errors for Original Learning | 
Trials 1 and 2 .233 2.79 3.88 347 3.08 3.58 3,1 | 3.38 
"Trials to criterion (original TE 
learning) 3.33 5.83 5.67 6.92 6.08 8.67 6.17 847 
Errors for Transfer Trials 1 and 2 45 71 50 1.38 1,25 38 .92. | M3 
"Trials to criterion (transfer) 1.67 1.67 1.08 2.08 3.83 .58 1.8 | 2.08. 
original learning and transfer. In transfer the took at least two trials to ain the 
modality (word vs. picture) and the location of criterion. The mean performance of each 
= the test-response cards on the bulletin board Etke eht Mur ndo 
changed. Study and test trials were alternated opuereigtiugroups.on the four oe 
2 during original learning and transfer. The inter- Variables appears in Table 1. 5 
trial intervals between study and test and test Error analysis: Trials 1 and 2 c; original 
f E E= me Mia o T Seay ena learning. The Ss experiencing the same 
stimulus cards i intertrial à 
interval preceding each study trial (test trial) to study-response and test-respo: modes 
randomize the presentation order and prevent made fewer errors than did Ss ex :«riencing 
serial learning. different modes, but the Stud; Lesponse 
ponens leering was Perana after m rae Mode X Test-Response Mode i»‘eraction / 
the criterion ol consecutive correct trials or after failed to reach significance, " (1, 80) 


15 trials were completed. However, if S failed to 
reach criterion on or before Trial 15, but correctly 
matched all the pairs on Trial 15, he was given 
an additional trial. Three Ss were dropped from 
the experiment because they did not reach the 
original learning criterion. The test response mode 
was changed and the transfer test began imme- 
diately after S attained the original learning cri- 
terion. The one S who failed to reach the transfer 
criterion of 2 consecutive correct trials within 15 
trials was not dropped from the experiment and 
was assigned an arbitrary score of 15 trials to 
criterion. 


RESULTS 


Analyses of variance were performed on 
the number of errors on Trials 1 and 2 of 
original learning, the number of errors on 
Trials 1 and 2 of transfer, and the trials 
to criterion measures, excluding the cri- 
terion trials, obtained in original learning 
and transfer. In each analysis the be- 
tween-Ss variables were stimulus mode, 
study-response mode, test-response mode, 
and sex. Trials was the within-Ss factor 
in the error analyses. Trials 1 and 2 were 
selected for analysis because the data for 
all Ss were available on these trials; it 


= 2.13, p < .15. Pictures were 
with fewer errors than were wor 
the stimulus and study-respon 
but in neither case was the related main 
effect significant, F (1, 80) = 1.06, p > 20, 
and F (1, 80) = 3.25, p < .10, respectively. 
The Stimulus Mode X Trials interaction 
effect approached significance, F (1, 80) 
= 3.53, p = .06, reflecting the fact that 
approximately the same number of errors 
was made with picture and word stimuli 
on Trial 1 (M = 3.58 and 3.56, respec 
tively), while fewer errors were made wit 
pictures than words on Trial 2 (M = 2.50 
and 3.02). Errors decreased across trials, 
F (1, 80) = 31.75, p < .001. Unexpec 
tedly, the Stimulus Mode X Study-Re 
sponse Mode interaction was significant, 
F (1, 80) = 4.61, p < .05. The Ss made 
fewer errors if the stimulus and study- 
Tesponse modes were the same rather that 
different. 

Trials to criterion in original learnings 
Consistent with expectation, only the main 
effects of stimulus mode and test-response 
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mode were significant, Fs (1, 80) — 7.61 
and 9.83, p < .01, respectively. Pictures 
produced faster learning than did words 
in both the stimulus and test-response 
modes. The mean trials to criterion rele- 
vant to the stimulus (test-response) mode 
effect were 5.44 and 7.27 (5.31 and 7.40) 
for pictures and words, respectively. 

Transfer analyses. In the trials to cri- 
terion analysis, only the Stimulus Mode 
X Test-Response Mode and Study-Re- 
sponse Mode X Test-Response Mode in- 
teractions were significant, Fs (1, 80) 
= 4.77 and 6.04, p < .05, respectively. 
'These interactions also were significant in 
the analysis of errors in Trials 1 and 2 of 
transfer, Fs (1, 80) = 4.00 and 7.12, 5 
< .05 and «.01, respectively. Since Ss 
reached the transfer criterion quite rapidly 
(M = 1.85 trials), it is not surprising that 
the trials to criterion analysis and the 
errors analysis yielded the same significant 
between-Ss contrast effects. 

As expected, the Study-Response Mode 
X Test-Response Mode interactions re- 
sulted from the fact that Ss experiencing 
similar study-response and test-response 
modes made fewer errors and reached 
criterion faster than did Ss experiencing 
different modes. The Stimulus Mode 
X Test-Response Mode interactions re- 
flected the fact that dissimilar stimulus 
and test-response modes led to fewer er- 
rors and trials to criterion than did similar 
modes. The mean number of errors de- 
creased from Trial 1 (M = 1.08) to Trial 2 
(M = .67), F (1, 80) = 10.67, p < .005. 
For some reason, the girls experiencing the 
word test-response mode did not have 
fewer errors on Trial 2 than on Trial 1, 
unlike the remaining Ss. This was re- 
flected in a significant Test-Response Mode 
X Sex X Trials interaction, F (1, 80) 
= 6.00, p -< .05. 


DISCUSSION 


Intermodality transformation difficulty. Since 
the test-response modality was switched for 
all Ss on the transfer task and associative 
learning was presumably completed during 
original learning, the significant Study-Re- 
sponse Mode X Test-Response Mode inter- 
action obtained in the transfer analyses would 
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seem to indicate that Ss who experienced the 
same study-response and test-response mo- 
dality in original learning stored the response — 
items in only this modality. The poorer - 
transfer performance of these Ss as compared 
to those Ss experiencing different study- 
response and test-response modalities in origi- 
nal learning probably reflects the fact that 
the transformation involved in going from . 
the storage to the retrieval modality inter- — 
fered with performance. However, the trans- 
fer performance of Ss experiencing different. 
study-response and test-response modalities 
during original learning was not perfect. They 
took an average of 1.29 trials to criterion, — 
54% of the trials it took Ss experiencing the 3 
same study-response and test-response mo- ~ 
dality in original learning to reach criterion, 
Therefore, errors on the transfer task might - 
reflect a combination of three factors: change 
in contextual cues from original learning to | 
transfer (these might include both modality — — 
changes and changes in location of the test- , 
response items on the bulletin board); trans- [ 
T 


formation difficulties (if the test-response - 
modality has not been experienced prior to 
the transfer task); and a switch from the - 
most available test-response mode, the one 
experienced in training, to a different sur- 
prising test-response mode. 

The conceptual peg hypothesis and response — 
availability. On the basis of Tversky's (1973) 
findings it was suggested that conditions for . 
successful performance in situations in which 
items are studied in one modality and tested 
in a different modality appear to be (a) an 
expectation of being tested in a particular — 
modality, and (b) an exposure to the items — 
in the test modality. Although the problem — 
of assessing S's expectation was indirectly — 
approached in the present experiment, the - 
evidence obtained does suggest that the hy- 
pothesis merits further refinement and direct 
evaluation. Early in original learning the 
study-response mode, the only response mo- 
dality S experienced prior to the first test - 
trial, influenced. performance as reflected in 
the Stimulus Mode X Study-Response Mode 
interaction obtained in the error analysis. 
Over-all of original learning the test-response : 
modality, the mode in which S presumably 
learned to expect to be tested, influenced — 
performance as reflected in the main effect 
of test-response mode obtained in the trials — 
to criterion analysis. Thus, the transition 
from using the study-response mode to using 
the test-response mode might reflect, in part, — 
the development of an expectation of being 


tested in the test-response mode. 3 


If it is accepted that the test-response mode 
became more available to Ss than the study- 
_ response mode sometime during original learn- 
ing and that the response members were 
rehearsed in the most available mode, then 
-.Ss' performance generally was consistent with 
“the conceptual peg hypothesis and the notion 
that both forward and backward associations 
are formed during paired-associate learning. 
Both main effects of stimulus mode and test- 
response mode were significant in the analysis 
of trials to criterion during original learning, 
reflecting the fact that pictures function as 
better conceptual pegs than do words in both 
forward and backward associations. Since 
association learning should have been com- 
pleted during original learning, neither the 
main effects of stimulus mode, study-response 
»mode, nor test-response mode should have 
- been, nor were, significant in transfer. 
-. In the Dilley and Paivio (1968) and Paivio 
and Yarmey (1966) studies, words led to 
. faster learning of a paired-associate list than 
did pictures when they occurred as response 
items. The Ss who experienced the picture 
response mode in these studies were required 
to respond verbally. It is likely that pictures 
were inferior to words as response items 
because Ss have difficulty in transforming a 
response stored in one modality to a different 
. modality to which they were not exposed. 
Furthermore, if the nonexposed test-response 
modality is verbal, children, who are less 
` likely to spontaneously produce the words for 
rehearsal, should have greater difficulty than 
adults. In the present experiment and in 
three other recent experiments (Jones, 1973; 
- Lynch & Rohwer, 1971, Experiment 2; Lynch 
& Rohwer, 1972) in which the effects of 
study-response and test-response modes were 
not confounded, pictures as compared to 
words as response items facilitated the asso- 
ciation learning of preschool, third-, and sixth- 
- grade children. 

Stimulus Mode X Response Mode inter- 
actions. In the original learning error anal- 
ysis, the Stimulus Mode X Study-Response 
Mode interaction was significant, reflecting 
the fact that similar modes produced fewer 
‘errors than different ones. In both transfer 
analyses, the Stimulus Mode X Test-Response 
Mode interaction was significant. The Ss who 
experienced different stimulus and test-re- 
sponse modes on the transfer test performed 
better than Ss experiencing similar modes. 
Alternatively, this interaction may be viewed 
as reflecting the fact that Ss who experienced 
the same stimulus and test-response modes 
during original learning made fewer errors on 
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different modes during origina! 
Neither of the interactions was expe: 
any interpretation is necessarily spe 
and post hoc. One possible inte: 
that merits further evaluation is th 
better able to generate a useful m 
the modality of the stimulus anc 
items is the same (see Reese, 1970). 


REFERENCES 


Cole, L. E., & Kanak, N. J. Pair 
learning and bidirectional associati: 
first, third, fifth, and seventh grader: 
of Experimental Child Psychology, 
128-137. 

Dilley, M. G., & Paivio, A. Pictures 
as stimulus and response items in | 
ciate learning of young children. 
Experimental Child Psychology, 1968, é 

Flavell, J. H., Beach, D., & Chinsky, 
taneous verbal rehearsal in a memory k 
function of age. Child Developmeni 
283-299. 

Jenkins, J. R., Neale, D. C., & Deno, * 
ferential memory for word and pictur 
Journal of Educational Psychology, 
303-307. 

Jenkins, J. R., Stack, W., & Deno, S. L. 
recognition and recall of picture and w 
AV Communication Review, 1969, 17, : 

Jones, H. R. The use of visual and verb! 
processes by three-year-old children 
of Experimental Child Psychology, 
340-351. 

Lynch, S., & Rohwer, W. D., Jr. Effect 
and pictorial elaborations on associati 
and response learning in a childr 
associative task. Journal of Education: 
ogy, 1971, 62, 339-344. 

Lynch, S, & Rohwer, W. D., Jr. Grade ini 
action with words and pictures in a pair 
associate task: A proposed explanation. Jou 
of Experimental Child Psychology, 1972, % 
413-421. 

Paivio, A. On the functional significance of i 
agery. Psychological Bulletin, 1970, 73, 385- 

Paivio, A., & Yarmey, A. D. Pictures versus word 
as stimuli and responses in paired-associate leart 
ing. Psychonomic Science, 1966, 5, 235 

Rabinowitz, F. M., & McClinton, S. 
selection as a function of letter color and age! 
paired-associate learning. Developmental Psychol- 
ogy, 1971, 5, 364. 

Reese, H. W. Imagery and contextual meaning.” 
Psychological Bulletin, 1970, 73, 404-414. —.— — 

Tversky, B. Pictorial and verbal encoding in 
short-term memory task. Perception & Psyd 
physics, 1969, 6, 225-233. a 

Tversky, B. Pictorial and verbal encoding " 
preschool children. Developmental Psychologii 
1973, 8, 149-153, : 


(Received February 21, 1974) 


1967, 


5 


Journal o) erimental Psycholo, 
3974, val Tose No. 5, 913-921 ui 


OR: SOME USES* 


SAMUEL FILLENBAUM ? 
University of North Carolina at Chapel Hill 


It is shown in terms of performance on a variety of tasks that Ss are sensi- 
tive to differences in the use of the operator or. They are sensitive to 
differences between or sentences malformed because there is no topical rela- 
tion between the disjuncts and well-formed or sentences which satisfy the 
constraint of common topic. In the case of well-formed or sentences, Ss 
are sensitive to differences between the ordered or asymmetric use of or, 
as in threats, and its unordered or symmetric use, and in the latter case 
between its use as an exclusive and exhaustive term, as an exclusive term, 
and as a (possibly) inclusive term, Such results suggest that any attempt 
to discover the unique conceptual representation of an operator such as or 
is misguided, and that the generalizability of any findings obtained by study 
of some particular use of or must be called into question; this is particularly 
the case as most studies of disjunctive concepts by psychologists have involved 
an unordered, exclusive use of or, with the disjuncts chosen quite arbitrarily, 
as though any p and any q might be entered and related equally well in the 


disjunctive formula. 


Function terms or operators such as and, 
or, if, etc., play a crucial role in language in 
that they permit the construction of complex 
propositions out of simpler propositions, 
specify the nature of the conceptual relation 
obtaining between these constituent proposi- 
tions, and control or affect the sorts of 
inferences that may be drawn from the re- 
sulting complex propositions, It must be ob- 
vious that these terms are used in the vernac- 
ular in ways which overlap only partially 
with their specification in logic (see, €g., 
Strawson, 1952). To consider just one ex- 
ample, the or of logic is unordered, inclusive, 
and may connect any two propositions what- 
soever, and its interpretation is completely 
specified, say in terms of a truth table. The 
or of ordinary usage may be unordered (“He 
will drive to Washington or fly to New 
York”) or ordered (“Do your job properly 
or you'll get fired”), is generally exclusive, 
and can only connect propositions between 
which there is some bond or constraint of 
common topic (“He will eat an orange or the 
office is comfortable” is surely strange). An 
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operator as used in everyday speech may not 
just be different in sense from its namesake 
in logic, something which has often been dis- 
cussed by psychologists (as when they 
wonder whether the if of ordinary language 
is better interpreted as a biconditional than 
as the if of material implication [see, e.g., 
Taplin, 1971]) but rather, as the above ex- 
amples suggest, it may be that there is no 
single sense in which the operator is used, 
but a whole family of various if related 
senses, with a particular sense selected as a 
function of some properties of the content of. 
the propositions connected. Thus, it will be 
necessary first to consider various uses to 
which a term may be put, and second to seek 
to determine the circumstances or conditions 
that control these uses, This article is ad- 
dressed principally to the first and easier 
question in the context of an examination of 
some uses of or. The main concern is to 
make some elementary distinctions with re- 
gard to some important different uses of or 
and to show, with reference to performance 
on a considerable variety of tasks, that people 
are sensitive and appropriately responsive to 
such differences in use. 

In attempting to say something about the 
uses of a term such as or in everyday speech, 
perhaps the first contrast should involve the 
distinction between malformed sentences in 


or and those that are (variously) well- 
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formed. As Lakoff (1971) has argued, it 
would appear that or cannot connect just any 
two propositions but, “that it requires a com- 
mon topic between the two conjuncts . . . 
this common topic may be overtly present or 
derivable by presupposition and deduction 
[p. 142]." While it is very difficult to 
specify what is involved in this notion of 
common topic, it should be possible.to find 
or contrive cases which do not satisfy such a 
condition, and thus violate one of the basic 
presuppositions of the normal use of or, and 
to determine whether they are responded to 
differently than sentences which in some 
rough way are topically coherent. Actually, 
.. we shall consider two kinds of malformed or 
at least strange or sentences: (a) those that 
are disjoint because there appears to be no 
(simple or obvious) connection between the 
disjuncts, e.g., sentences like “He will wear 
= Sandals or sell Cokes,” and (b) those in 
which there is a topical connection between 
the two propositions involved, but that con- 
nection is somehow perverse or opposite to 
the one that holds normally—consider, eg., 
the perverse threat, “Get out of my way or 
I won't hit you." With regard to well- 
formed, topically coherent or sentences, we 
shall distinguish between (a) those involving 
an unordered or symmetric use of or, and 
(b) those involving an ordered use, threats 
in particular, as, e.g., the well-formed kin of 
. the sentence above, “Get out of my way or 
I'l hit you." As to well-formed sentences 
involving an unordered use of or, we shall 
distinguish between (a) sentences that are 
exclusive and exhaustive, eg., "He will stay 
home or go out," (b) sentences that are ex- 
clusive but not necessarily exhaustive, eg., 
“He will drive to Washington or fly to New 
York,” and (c) sentences that are (possibly) 
inclusive, e.g., “He will write his father or 
call his mother." The caution represented by 
"possibly" reflects the fact that in natural 
language it may, ordinarily, be quite difficult 
to interpret or in an inclusive sense ; this, as 
will be seen, is reflected in various ways in 
our results. Tt must be very clear that the 
above by no means exhausts the various pos- 
sible uses of or, but at least it would seem 
to represent some of the common cases that 
might be of interest, and some common dis- 
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tinctions that might be made by the la: 
user. 


lage 


METHOD 
A variety of tasks were employed to det aine 
whether or not Ss do in fact respond differ to 
the various kinds of or sentences described se 
tasks may perhaps be arranged on some of 
continuum of directness-indirectness, rangi at 
the direct end, from tasks where Ss were ask | to 


make some judgment of strangeness/normal: on 
sentences or to say whether or not a pair o! cn- 
tences was equivalent in meaning, to tasks, 1e 
indirect end, involving memory (intentional an in- 
cidental) for sentences or time freely tako to 
commit various sorts of sentences to memory. S me 
of these tasks were embedded in a variety of © n- 
texts; thus, e.g, there were a number of diffe nt 
experiments in which judgments of strangen: s/ 
normalcy were required. Insofar as possible, 11 
tasks were posed as studies of Ss’ knowledge of 
English and of their feel for the language. il 
Ss were undergraduates who participated in or ^r 
to satisfy a class requirement. 

An overview of the tasks employed and of : 
order in which they were presented (when a p 
ticular group of Ss served in more than one ta 
is given in the display on the following pac 
Our strategy was to determine first whether, in 
terms of various performance measures, malform: | 
sentences violating the presuppositions of or can be 
differentiated from well-formed or sentences, and 
then whether the various kinds of well-formed c 
sentences can be differentiated from each other, and 
in plausible ways, 

Judgments of strangeness. The Ss were pre- 
sented with sentences and asked to indicate for each 
one whether it was reasonable or Plausible in that 
one might actually encounter such a sentence, or 
whether in some regard it was extraordinary so 
that it would be quite unlikely that anyone would 
say such a thing or that such a sentence would be 
encountered under normal circumstances. There 
were three experiments in which such judgments 
were demanded : (a) once for simple questions, (b) 
once in the context of judgments as to whether or 
not sentence pairs (which did not involve ques- 
tions) were or were not equivalent in meaning, 
and (c) once in a context where Ss were required 
to provide some explanatory or justificatory con- 
text if they deemed a sentence strange. In a, 
Group 1, eight items represented each sentence type; 
in b, Group 2, two items or item pairs represented 
each sentence type; and in €, Group 3, some item 
types were represented by two sentences, others by 
five or six sentences, 

Equivalence judgments, The Ss in Group 2 

were presented with sentence pairs and asked to 
indicate whether or not the two sent 


y ences in a pair 
were equivalent in meaning. The first sentence was 
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I. Judgments of strangeness 
A. Simple questions 
B. Sentence pairs 
C. Sentences 


II. Equivalence judgments 


III. Informativeness judgments 
A. Paper-and-pencil version 
B. Timed version 
1. judgments 
2. latencies of judgments 


IV. Paraphrasing 


V. Memory 
A. Intentional 


C. Incidental 


VI. Time taken to memorize 


| VII. 


ORDER OF TASKS 


| Group 1: IA then VC then IIIA 


| Group 2: II for each sentence pair, then IB for each sentence in each pair 
Group 3: IC then VII (if needed) for each sentence 


| Group 7: VI then VB 


I. Malformed 
A. Disjoint or unrelated 
B. Perverse 
II. Well-formed 
A. Unordered a 
1. exclusive and exhaustive (E + E) 
2. exclusive (E) . 
o: ibly inclusive (I) 


or IIB. 


TASKS AND ORDER OF PRESENTATION 


B. Intentional (free time to commit to memory) 


Provision of justifying contexts (if sentences judged strange) 


| Groups 4, 5, and 6 served in one task only (with two measure taken for Ss in Group 4) 


Each group of Ss encountered examples of all the different sorts of or sentences of interest, viz. 


B. lered— threats, with the following exceptions: Ss in Groups 1 and 4 did not enounter IB 


Group 1 (n = 33) 
Group 2 (n = 38) 
Group 3 (n = 48) 


Group 2 (n = 38) 


Group 6 (n = 47) 
Group 7 (n = 42) 
Group 1 (» — 33) 


Group 7 (n — 42) 


Group 3 (n = 48) 


always an or sentence of the form P or q, and the 
second sentence was the related sentence phrased 
either as q or p, if not p, q, or if not q, p. (where 
if not was sometimes realized as unless). 
Informativeness judgments. The Ss were pre- 
sented with simple yes/no questions, each of which 
was answered yes or no. Their job was to decide 
for each question-and-answer pair whether or not 
the answer given was appropriate and informative 
with regard to the question asked. They were told 
that an 
... answer may be considered appropriate and 
informative if the answer is not evasive, so 
that knowing the answer you know more than 
you would without it, and if the answer does 
not leave you in any necessarily ambiguous or 
inconsistent position with regard to the in- 
formation requested in the question. 


There were four items representing each item type, 
ie, four questions of each type answered yes, and 
four answered no. This experiment was run in a 
paper-and-pencil version (Group 1) and also using 
an exposure apparatus which permitted recording 
of the latencies of the judgments (Group 4), with 
Ss urged to make their judgments as promptly as 
possible. 

Paraphrasing. The Ss in Group 5 were pre- 
sented with a booklet, each page of which contained 
a single or statement. They were told to para- 
phrase or rephrase each sentence “as accurately as 
you can conserving its meaning as completely as 
possible.” They were told to work on the assump- 
tion that they were trying to communicate each 
statement to someone else so that the other person 
might get the sense of it as fully and exactly as 
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possible, and that their job was "not to improve the 
sentences or make them more sensible, but to para- 
phrase them, rewording each in a way that captures 
- its meaning as accurately as possible" Eight sen- 
tences represented each sentence kind. 
^ Memory. "There were three memory tasks, two 
of which involved intentional memory instructions, 
and one which involved incidental memory. In 
one of the intentional tasks (Task A), Ss in Group 
6 were told that they would be presented with a 
taped series of sentences and that their memory for 
the sentences would later be tested, During the 
Presentation series, each sentence occurred on two 
occasions on the tape. In the other intentional task 
(Task B), each sentence was typed on a separate 
card of a deck, and Ss in Group 7 were told that 
their memory would later be tested and were asked 
to take as much or as little time as they needed to 
commit each item to memory. In the incidental 
task (Task C), Ss in Group 1 who had previously 
judged the strangeness/normalcy of each of a series 
of questions were unexpectedly tested for their 
memory for these questions, In all three cases, the 
memory task was presented in the format of a 
completion test, Ss being provided with the first 
part of the sentence through the or and required. 
to supply the remainder of the sentence. In each 
- of the three studies, there were eight items repre- 
senting each sentence type employed, 

Latency task. This task indexed the time Ss in 
Group 7 took to commit each of a series of sen- 
tences to memory, where they were free to take as 
. much or as little time with each item as they felt 
- they needed (see Memory, 'Task B). 

Provision. of Justifying context. As indicated 
earlier, Ss in Group 3 were required to evaluate 
- each of a series of sentences as normal or strange, 

and, if they believed a sentence to be of the latter 
— kind; to provide some explanatory context which 
_ might justify the use of that sentence. 


RESULTS 


Malformed or sentences contrasted to well- 
formed ones. Consider first the most direct 
data with regard to judgments of normalcy/ 
Strangeness. For simple questions, 96% of 
the judgments of disjoint sentences charac- 
terized these as Strange or weird (with eight 
Such items, the lowest number of strange 
judgments for any item was 30 out of a pos- 
sible 33). The next closest figure was 2696 
for the case of the possibly inclusive sen- 
tences; other item types received only a scat- 
tering of such judgments. Ina setting where 
Ss were required to identify strange sen- 
fences and provide a justifying context, on 
he average, 94% of the disjoint items and 
9% of the perverse threats were judged 
frange; the next closest figure was again 


2 


SAMUEL FILLENBAUM 


vhere 
dged 
icited 


that for possibly inclusive senten 
on the average 25% of the items we: 
strange (again, other sentence type: 


almost no strange judgments). Wi n Sg 
were required to make judgments of ige- 
ness/normalcy in the context of . ling 
whether or not a pair of sentences w liv= 
alent in meaning, on the average 58° the 
disjoint or sentences were judged ge, 
77% of the perverse threats were ed 
strange, and in the case of threats, 65: re 


judged strange when the order c: ‘ir 
clauses was permuted (as in "I' ca; ihe 
police or stop that noise"). Other sent: S, 
this time including possibly inclusives, 
ited only a minimal scatter of strange re- 
_Sponses. Clearly, and perhaps not sur; 
ingly, disjoint or unrelated or sentences 
perverse threats are characteristically jud 
Strange and thus different from well-for: 
or sentences, 

But this is not the only task on which s- 
joint or perversely connected or senten 's 
are differentiated from other or sentenc s. 
If such sentences are strange or extra: -- 
dinary, this might be expected to have con:-- 
quences for memoria] performance also. Tie 
Ss might find it more difficult to cope wii 


threats (M 


longer than exclusive and 


= 163 sec, p < 01) than exclusive ones 
(M = 184 sec., 


cantly longer than possibly inclusives (M= 


sentences. 

Consider next performance at time of Te- 
call, with the recall task in each of these 
instances being a completion task, For the 


— — 
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TABLE 1 


PROPORTIONS OF VERBATIM OR GIST 
CORRECT COMPLETIONS 


Item class Task 1 | Task 2 | Task 3 
Exclusive and exhaustive .86 .82 
Exclusive .67 .68 
Inclusive 53 .57 
Disjoint 26 42 
l'hreat .56 ER 
Perverse threat 37 AS 


Note. Task 1 = incidental memory task, Task 2 = inten- 
tional memory task (each item presented twice during learning), 
and Task 3 =intentional memory task (with free time to 
memorize each item). 


incidental memory task, examination of Table 
1 reveals that only .15 of the responses to 
disjoint sentences were verbatim or gist cor- 
rect; .59 of the responses were different class 
completions, almost all of these being nor- 
malizations of one sort or another. Perform- 
uce on the disjoint sentences was substan- 
ally worse than that for any other sentence 

pe (where proportion of verbatim or gist 
orrect responses ranges from .67 to .92). 
Vor the intentional task where Ss had lis- 
ened to a taped presentation of the sentences, 
we again find that performance on the dis- 
joint sentences was substantially worse than 
for the well-formed ones, with only .26 of 
the responses verbatim or gist correct; .52 
of the responses were different class comple- 
tions, usually normalizations. For perverse 
threats .37 of the responses were verbatim or 
gist correct, and again there were many 
(.52) completions of a different class, typ- 
ically representing normalization. Perform- 
ance for both sorts of malformed or sentences 
was worse than that for the well-formed ones, 
where the proportion of verbatim or gist cor- 
rect responses ranged from .53 to .86. Table 
l also presents the completion or memory 
results when Ss were permitted as much 
time as they wished to take to memorize 
each sentence. The substantially greater time 
taken to memorize perverse threats than nor- 
mal threats seems to have paid off in some 
measure, for while performance on these 
two classes of items was still lower than that 
for all other items except for disjoint sen- 
tences, there was little difference in verbatim 
or gist memory for these two sorts of sen- 
tences: indeed, performance on perverse 
threats (.45) was very slightly better than 
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that for well-formed ones (.43), and in gen- 
eral, performance on these two kinds of items 
was very similar. Despite the longer initial 
memorization time, performance on the dis- 
joint sentences was still poor (.42 for ver- 
batim or gist correct responses) and there 
was still a substantial proportion of different 
class responses (.21), generally involving 
normalization. Overall, considering all three 
memory tasks, but particularly the two tasks 
where Ss could not control initial exposure 
to the items, performance for the malformed 
or sentences was substantially worse than 
that for well-formed or sentences. 

With regard to the response to malformed 
or sentences, we shall cite data only from one 
other task—paraphrasing. For perverse 
threats, 5796 of the paraphrases represented 
normalizations which turned these sentences 
into more conventional threats (see, eg., a 
paraphrase such as "I'll jump if you come 
any closer" for the source sentence “Don’t 
come any closer or I won't jump," or the 
paraphrase "If you tell me what I want to 
know I won't hit you" for the source sen- 
tence "Tell me what I want to know or I 
won't hit you").* Such results indicate not 
only a sensitivity to the circumstances gov- 
erning well-formedness, but also the enor- 
mous role of preexistent knowledge of the 
ways of the world in assimilating or trans- 
muting strange propositions to more conven- 
tional ones. As will be recalled, such nor- 
malization also occurred with great frequency 
on the memorial tasks, about half of the time 
on a conventional intentional memory task, 
and a quarter of the time in circumstances ' 
where Ss had been permitted to take as long 
as they wished to memorize each sentence 
(and where they had, in fact, taken signifi- 
cantly more time to do so for perverse 
threats). Even in the case of disjoint sen- 
tences, where it is much harder to turn the 
sentences into conventional ones, about 14% 
of the paraphrases involved some changes 
toward normalization (as when “He will 
wear sandals or sell Cokes” became “He will 
sell Cokes while wearing sandals"). It 
should be mentioned that the paraphrases of 


8 These results are very similar to those reported 
by Fillenbaum (1974), where 54% of the para- 
phrases of perverse threats involved normalization. 
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- well-formed or sentences almost never turned 
"these into perverse or disjoint ones (the 
perversion rate was 1% or less). 

All the preceding may perhaps be taken 
as a demonstration of the obvious: Ss do dis- 
tinguish between malformed and well-formed 
or sentences, and among malformed ones 
which are malformed in different ways.* 

Differences among well-formed or sen- 
tences. First we shall attempt to show that 
ordered or asymmetric or sentences, threats 
in particular, are distinguished from unor- 
_ dered or symmetric or sentences, and then 
- that Ss respond differentially to various un- 
ordered uses of or. As mentioned earlier, 
65% of the threat sentences that involve an 
ordered use of or were judged to be strange 
when the order of their clauses was per- 
X muted. Further, if one considers equivalence 
|J judgments on pairs of sentences, one finds 
- that for 75% of these pairs in the case of 
_ ordinary threats and for 82% of the pairs for 
|J perverse threats, the statements making up 
- 8 pair are judged to be different in meaning 
~ when the order of clauses in the second state- 
ment is permuted from that in the first state- 


ES ey 
4 It also appears to be the case that S's can pro- 
duce well-formed and malformed or sentences on 
demand. Some 52 additional Ss were given sen- 
tence fragments, each essentially consisting of a 
- simple sentence plus or (see, eg., “The dog will 
bark or .. -") and asked to complete these. First 
they were asked to complete each sentence frag- 
ment so as to “make an ordinary, sensible sentence 
out of it.” After they were finished, they were 
- given the series of fragments again, and now asked 
- to complete them "in such a way that even though 
“each of the clauses joined by the or is itself per- 
fectly normal and sensible the resulting sentence 
will be a strange and extraordinary one that you 
would be very unlikely ever to encounter.” It was 
stressed that they were not to supply some bizarre 
or weird clause to complete each sentence, but 


obtain between the two parts don't hold or are 
violated" Each $ had to deal with 17 such sen- 
tence fragments, Inspection of their productions 


ment, When this is done for oth. 
involving an unordered use of or, i 


percentage of different responses ; ly 4% 


(for exclusives). The paraphrase : 
also quite revealing here, in a num 
spects. While permutation of claus 

or is involved in about 10% of 
phrases for the various unordered « 
never occurs in the case of simpl. 
and occurs less than 146 of the tim: 
verse threats. For well-formed thre 

of the paraphrases involve negativ 
tionals, essentially going from p or qt 
bq; thus, “Get out of my way or I'll | 
might become “If you don't get out 
way I'll hit you." For the various it 
volving unordered uses of or, such cl 
from or q to if not p,q average about 
or 11% (going from about 8% to 1 


This finding is reasonable enough i: 


note that if paraphrased as a condit 
the latter sort of sentence, just because t! 
1s unordered, really requires a conjuncti 


conditionals, such that or q is equivale: 
if not p, q and if not q, Pp—see, e.g., “He 
fly to Washington or drive to New Yo: i," 


although they seem to find it a little harder to p:o- 


duce sentences of the latter sort, 


used. (a) special circumstances, as €&, drunk, 
dream, bet, joke, etc. (7%); (b) perversity, as 
masochism (895); (c) redefinitions of particular 


words and sentence (7%) ; (d) corrections, 


misprints and slips of tongue (4%) ; (e) fantastic 
elaborations (10%) ; and (f) mundane elaborations 
(59%). This last and largest category included all 
sorts of additional information that tended to 
make the original sentences more plausible in the 


fered were quite various and defied any attempts to 


set up revealing subcategories, About the 
thing to be said is that, in fact, most of 
mundane elaborations really did succeed quite 


in taming and contextually normalizing wild 
tences, 


ences 
ghest < 


ts are 
if re- 
ound 
ara- 
this 
eats, 
per- 
77% 
ndi- 
f not 
ou” 
my 
in- 
ges 
0% 
6). 
we 
nal, 
or 
1 of 
to 
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as of 


only 
these 
well 
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which can be rephrased as “If he doesn’t fly 

_to Washington he will drive to New York 
and if he doesn’t drive to New York he will 
fly to Washington.” Clearly, there are some 
very gross differences between the para- 
phrases of ordered and unordered or sen- 
tences. 

Next, let us examine the data to see if they 
reveal any differences in the response to the 
three kinds of unordered uses of or, viz., ex- 
clusive and exhaustive (E + E) sentences, 
exclusive (E) sentences, and possibly inclu- 
sive (I) sentences. On two of the three 
tasks involving judgments of normalcy/ 
strangeness, I sentences elicited rather more 
strange judgments than did the other two 
kinds of sentences—26% and 25%, respec- 
tively, while the figures for E -- E and E 
sentences were about 8% and 4% in the first 

ase, and about 1% and 4% in the second 
ise. In the context of equivalence judg- 
rents, all three kinds of sentences yielded 
ery few strange judgments (approximately 
Jo-2%). 

The data with regard to informativeness 
of answers to yes/no questions are revealing 
with regard to differences in the way in 
which E + E, E, and I or sentences are under- 
stood. We shall focus on the data yielded by 
the paper-and-pencil version of this task, 
where Ss could take as long as they wished 
in arriving at their decisions—the data from 
the version where Ss made their judgments 
as rapidly as possible, using a response ap- 
paratus that recorded the latencies of their 


` judgments, fall into essentially the same pat- 


tern (with one possible exception that will be 
noted). Questions answered affirmatively 
for half of the Ss were answered negatively 
for the other half, and conversely, as some 
control for item content; but since quite 
parallel results were obtained, we shall pre- 
sent only the pooled data. Given an E + E 
item (eg, “Did he accept or reject the of- 
fer?”), Ss tended to regard the answer as 
uninformative whether it was yes (88% of 
the responses) or no (92%) ; in the second 
(speeded) version of the task, the corre- 
sponding figures are 95% and 94%. This is 
reasonable enough since the alternatives in 
an E + E item exhaust the relevant universe 
of discourse, and thus neither a simple af- 
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firmative nor a simple negative answer pro- 
vides any information. Given an E item 
(eg., “Did he stay home or go to New 
York?"), a yes answer is characteristically 
regarded as uninformative (6496), while a 
no answer is regarded as uninformative in 
only 40% of the responses. (The corre- 
sponding figures in the speeded version are 
yes-uninformative, 70% ; and no-uninforma- 
tive, 61%—while the ordering of responses 
is still the same, the absolute level of “unin- 
formative" responses to a no is higher here, 
constituting the one place where there is 
some divergence between the data for the 
two versions of the task.) If one considers 
that a yes response to an E item still leaves 
it open as to which of the two exclusive 
alternatives actually occurred, it seems rea- 
sonable that such an answer should generally 
be regarded as uninformative since it leaves 
matters where they were and does not re- 
solve the dotibt posed in the question (except 
perhaps to affirm that indeed one or the other 
of the two alternatives holds). On the other 
hand, a no response may be understood as 
ruling out both of these alternatives, and on 
those grounds, providing some real informa- 
tion; just this may be reflected in the fact 
noted above that in 60% of the responses to 
an E item answered mo, such an answer was 
considered informative. Given an I item 
(e.g., “Did he see Mary or talk with John at 
the party ?"), Ss tended to regard the answer 
as informative whether it was yes (74%) or 
no (82%) ; the corresponding figures for the 
second task are 60% and 64%. In this case, 
if the question is understood with or in its 
inclusive sense, an affirmative answer may 
in fact be informative, viz., both of the dis- 
juncts occurred, and a negative answer would 
be informative in the same way as a negative 
answer to an E item, i.e., it provides informa- 
tion by ruling out both disjuncts. Thus, the 
data for this task reveal a discrimination 
between three sorts of uses of or, and further, 
the particular pattern of results obtained is 
sensible, given the conceptual properties of 
the various kinds of or questions employed. 
Inspection of the paraphrasing data also re- 
veals some differences in response to E + E, 
E, and I items. For E+E items, about 
1196 of the paraphrases involve fusion into 
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a single sentence which functions as a sort 
of superordinate (e.g, “He will accept or 
reject the offer" gets paraphrased as *He 
might accept the Offer"), while such para- 
phrases account for only about 2% and 496 
of the responses for E and I items, respec- 
tively. For I items, about 10% of the para- 
phrases involves a change from or to and ; 
this never happens for E + E items and hap- 
pens less than 1% of the time for E items, 
Finally, about 40% of the paraphrases of I 
items explicitly change these to exclusive 
items by adding an either in the paraphrase.’ 
Thus, there is some indication that Ss have 
difficulty in really treating I items as inclu- 
sives, for while about 10% of the responses 
do just that by substituting and for or in the 
paraphrases, far more (40%) of the re- 


sponses turn the Possibly inclusive sentences 


into explicitly exclusive ones by introduction 
of either in the paraphrases, 

When Ss are allowed as much time as 
they wish to commit 
tences to memory, 
ences between E 
mean time for E 

E items 184 Sec., and for I items 20.8 Sec., 
with E+E items 
time than E or I 
case), and E items 
time than I items (2 <.01). These results 
are intelligible if one considers that E + E 
items are in a sense redundant, since the 
second part of such an item can be con- 
structed given knowledge of the first part, 
and if one recalls the difficulties Ss often 
seem to have with I items, which sometimes 


than for E or T items, 


particularly 
easy to understand if one 


recalls that the 


5 Either is also often introduced in the para- 
hrases of E T E and E Sentences (the figures are 
9% and 47%, respectively) ; in these cases, how- 
ver, the addition of either involves no clarification 
" change in Conceptual category membership. 
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memory test was given in a com I 
mat and notes that for E + E iten 
ond clause can often be constructed 
knowledge of the first clause; thus, 
rior performance on E + E items 
be so much a memory effect per se 
Sequence of Ss’ knowledge of the c 
nature of such items. On the incid 
there is little difference in perforn 
E and I items—indeed performance 
gard to verbatim or gist correct con 
is slightly better for the latter, but ti 
rather more different class completion 
for I items than for E items (.03). 
two intentional tasks, performance on 
items is rather better than that for | 


(.67 vs. .53 and .68 vs. .57 verbatim o 


Correct), but otherwise there are no 
differences, 


We shall mention just one further fin 


n for- 
e sec- 
given 
supe- 
y not 
con- 
ptual 
task, 
e for 
h re- 
tions 
are 
12) 
the 
eE 
ems 
gist 
reat 


ing 
with regard to differences in respons: to 
E+E, E, and I items, citing the re: ults 
with regard to the latencies of the infor na- 


simple questions of these three kinds, 
latency 


ways, using 
and log latencies, 


data were analyzed in a numbe: 


to 
The 
of 


raw scores, standardized sco: es, 
All analyses yielded 


roughly the same general results, and the 
results based on the log transformed latencies 


tween I and E items 
significance (? = .06). 


was only of marginai 
There was also 
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fined, since usually in such cases the disjuncts 
are quite arbitrary and ad hoc, and there is no 
~ topical or coherence relation between them, i.e., 
in the formula p or q any p and any q may be 
substituted; further such. studies have almost 
always used or in an unordered sense, perhaps 
most commonly as an exclusive. Obviously, re- 
sults of such studies cannot be simply extra- 
polated toward an interpretation of the common 
uses of or in the vernacular. To take but one 
example (Trabasso, Rollins, & Shaughnessy, 
1971), if Ss tend to interpret an experimentally 
denned unordered exclusive or as an inclusive 
cr, on: if we know that in the vernacular or is 
hardiy ever used as an inclusive, then we must 
he ' worries about the bearing of such re- 
sults f derstanding of the function of or 
in natural |:nguage. Second, we need to be 
very cautious with regard to any claim as to 
the specific natural language representation of 
ov, not so much because a particular representa- 
on offered is wrong but because it may be 
ited to and appropriate only in particular 
itexts (for a similar point with regard to the 
Pie of if, see Wason & Johnson- 
uird, 1972). 
One important caution obviously needs to be 
voiced with regard to the interpretation of the 
present results. There is no statistical warrant 
for generalizing beyond the specific samples of 
linguistic materials actually employed, and it 
must be recalled that, in fact, relatively few sen- 
tences instantiated each sentence type, and these 
were chosen or constructed in an ad hoc man- 
ner, responsive to the linguistic intuitions of 
E. However, it should be noted that the major 
differences found were substantial and con- 
sistent over a variety of tasks, and sensible in 
that the nature of the results and of the differ- 
ences in results was such as might have been 
expected given the conceptual properties of the 
sentence types under consideration. Perhaps 
these results should be taken not so much as 
discovering anything about properties of or, but 
rather as corroborating what in a rough way is 
already known to us as knowledgeable users of 
the language. Finally, it should be pointed out 
that even if the particular distinctions made 
here with regard to or are not the only ones that 
might have been made or may not have been 
drawn quite properly, nevertheless the results 
are sufficient to make the weak point that there 
are constraints on the use of or and concep- 
tually distinct uses of this term. It seems most 
unlikely that further work would demonstrate 
that there are really no constraints on the uses 
of or and that there is but a single representa- 
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tion for this term. Rather, it appears much 
more likely that further work will show that 
distinctions above and beyond those suggested 
here are also necessary. The present results 
are therefore of cautionary value in arguing 
against the common procedure of the psychol- 
ogist, which appears to have ignored the possibil- 
ity of constraints on or and assumed that it is 
possible to discover a unique representation or 
meaning for this operator. 

The fact that there are appropriateness con- 
ditions governing any use of a connective such 
as or and that there are various distinguishable 
uses of this term constitutes basic preliminary 
information about linguistic and conceptual or- 
ganization which poses serious problems for 
anyone seeking to build a model of semantic 
memory with any claims to realism. Such a 
model will have to characterize the circum- 
stances controlling the use of or and selecting 
the particular sense that becomes operative. 
It must indicate how the semantic properties of 
the two clauses to be connected by the or are 
to be specified—how they may be related to each 
other to determine whether or not they satisfy 
conditions of relevance or common topic, either 
directly or via some presupposition or deduc- 
tion-based derivation. And, if the clauses do 
satisfy conditions of common topic, the model 
must identify the conditions that select the par- 
ticular sense of or that is relevant, to determine 
whether in a particular instance an ordered or 
unordered sense is involved, and, if the latter, 
which particular unordered sense. - Obviously, 
these are critical questions if one is interested 
in how the language user is able to make the 
distinctions that he in fact makes. 
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We perceive events, patterns, and con- 
figurations, These aggregates, constructed 
in time and space, have both-qualitative and 
quantitative aspects, "The aggregate in its 
qualitative structural aspects can be thought 
of as composed of interrelated and interde- 
pendent parts that are self-closed and self- 
delimited. The aggregate in its quantitative 
aspects can be thought of as composed of 
dimensional and variable Properties which 
_ pool or average energy. The qualitative and 
quantitative aspects are interlocked, as each 
- Provides a "format" for the other and both 
- must be combined in any complete model of 
_ the perceptual act. 
___ The above statements represent a distilla- 
tion by Floyd Allport (1954) of classic per- 
ceptual theories, Unfortunately, Allport’s 
“theory about the nature of perceiving is 
couched in terms not easily translatable into 
experimentation, The Statements are intui- 
gol 
1This research Nas supported in part by Na- 
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investigate the 
I, the pattern elements differed along one 
intensity, duration, 
ments). For these patterns, the pattern. 


PERCEIVING MELODIC AND RHYTHMIC 
AUDITORY PATTERNS: 
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University of Tennessee, Knoxville 


sults suggest that although the organization of different types of temporal 


set of principles will 


tions, metaphors, or even possibly trui: ns 
about perceiving, not experimental hypo‘. ie- 
ses. It is probably for this reason that 
port's classic book has not provided a str. ng 
goad either to perceptual theory or resear<h, 

It is Possible, however, to investigate e:- 
pirically how qualitative and quantitative 
aspects of patterns do determine an c 
server’s Perceptions. And here the goal 
must be analytic: how does each aspect, 
uniquely and in combination, lead to one out 
ofa multiplicity of Possible structures? By 
maintaining a common qualitative structure, 
while varying the Sensory elements compos- 
ing the structure, it may be possible to dis- 
entangle the qualitative and quantitative as- 
Pects of perceiving, 

The stimuli chosen for the present experi- 


dichotomous elements, 
repeated continuously, it could be started at 
any one of the elements and still generate the 
Same sequence (ie, xxo generates the same 
Sequence as does xox or oxx: XXOXXOXXO 
*- 2). Subjects listened to the sequence and 
then were asked to describe the pattern; Ss 
could organize and describe the sequence 
as any one of the possible patterns (i.e., 
XXOXXOXXO. . . could be correctly described 
aS XXO Or XOX or OXX). In general, for a 
Sequence generated by a pattern n elements 


y 


| 
j 
| 
| 
| 
F 
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ot 


in length, there were » possible pattern 
descriptions. : 

Patterns of this type possess both qualita- 
tive and quantitative aspects. The qualita- 
tive aspect relates to the sequence of ele- 
ments, with the structure specifiable in any 
one of several ways: e.g., as a hierarchical 
tree (Restle, 1970) or in terms of predict- 
ability (the informational constraint) be- 
tween the elements (Vitz & Todd, 1969). 
The quantitative aspect relates to the differ- 
ence between the elements: the elements 
may differ on one sensory dimension (eg., 
auditory pitch), or may differ on two or 
more sensory dimensions (e.g., auditory 
pitch, intensity, and duration). 

In this context, perceiving consists in hear- 
ing the element sequence as a repeating pat- 
tern. This pattern is self-closed and self- 
delimited in Allport’s terms, and both the 
pattern structure and the sensory elements 
lead the observer to perceive a particular 
organized pattern. By varying the structural 
patterning for the same sensory elements, the 
qualitative aspect of organization can be in- 
vestigated. By varying the type of sensory 
difference between elements for the same 
structural pattern, the dimensional quantita- 
tive aspect of organization can be investi- 
gated, And by varying the structural qualita- 
tive and dimensional quantitative aspects 
orthogonally, the interaction can be investi- 
gated. Using the above rationale, two ex- 
periments were performed, the first in- 
vestigating the organization of patterns in 
which elements differed along one sensory 
dimension and the second investigating the 
organization of patterns in which the ele- 
ments differed along two sensory dimensions. 


EXPERIMENT I 


The purpose of this experiment was to in- 
e the perception of repeating eight- 
nt patterns in which dichotomous ele- 
ments differed along a single dimension. 
More specifically, pattern elements differed 
along one of four different dimensions: (a) 
frequency, (b) intensity, (c) duration, and 
(d) interval between elements. 


Method 


Eight-element patterns. Ten different eight- 
element patterns were used. The 10 patterns 
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were chosen to represent a range of complexity: 
XXOOXXOO, XXXX0000,  XXXOXOXO,  XXXXOXXO, 
XXXXOOXO,  XXXOOXXO,  XXXOXXOO,  XXOOXOXO, 
XXxoxooxo, and xxoxxoxo. 

Type of pattern. There were four types of pat- 
terns. Frequency patterns were composed of two 
elements: 800 Hz. for the low element (L) and 
1,300 Hz. for the high element (x). All elements 
were of equal intensity (65 db.) and of equal dura- 
tion and temporal spacing. Each element was pre- 
sented for one half of the interelement interval, 
For example, at the rate of four elements/sec, the 
duration of each element was 125 msec. with a 
blank stimulus interval of 125 msec., 

Intensity patterns were composed of two elements 
differing in intensity with the soft element (x) at 
60 db. and the louder element (X) at 75 db. Both 
elements were 800 Hz. and were equal in duration 
and spacing. Each element was presented for one- 
half of the interelement interval (as for frequency 
patterns). 

Duration patterns were composed of elements dif- 
fering in duration: a short (.) and a long element 
(-). All elements were 800 Hz. and 65 db., and 
the blank interval between elements was equal. The 
ratio of the short to long duration was 1:5, and the 
blank interval between successive elements was 
equal to the duration of the short element. For 
example, if the sequence .- was to be presented in 
1 sec., the timing would be as follows: (a) a short 
element (.) of 125-msec, duration; (b) a 125-msec. 
blank interval; (c) a long element (-) of 625- 
msec. duration; (d) a 125-msec. blank interval. ' 

Interval patterns were composed of identical 
elements with the temporal interval between suc- 
cessive elements differing. All elements were 800 
Hz. 65 db. and of equal duration. The ratio of 
short interval (xx) to long interval (x/x) was 1:5, 
with the duration of each element equal to the 
short temporal interval. For example, if the 
sequence xx/ was to be presented in 1 sec, the 
timing would be (a) an element of 125-msec. dura- 
tion, (b) a 125-msec. blank interval, (c) an ele- 
ment of 125-msec. duration, (d) a 625-msec. blank 
interval. 

The translation of a structural pattern—repre- 
sented as x's and o's—into frequency, intensity, 
and duration patterns was straightforward. The 
xs and o's represent different elements (ie, high 
and low pitch, loud and soft intensity, short and 
long duration). For these types, each pattern has 
a complement with the complement obtained by 
exchanging the elements (e.g. the complement of 
—..-.... would be .—.--—-). The translation into 
interval patterns rests on the Gestalt notion that ^ 
identical elements should be temporally contiguous, 
and differing elements should be temporally sep- 
arated. The pattern xooxoooo becomes x/xx/x/ 
xxxx/. For interval patterns, no complement pat- .. 
tern exists. 

Apparatus. An optical tape reader, operating a 
set of relays, was used to produce the patterns, 
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Resonant filters minimized onset and offset tran- 
sients. Patterns were recorded on audiotape and 
presented monophonically. 

Method of presentation. In order to remove the 
effect of the initial elements on pattern organiza- 
tion, a procedure originated by Royer and Garner 
(1970) was utilized. At fast presentation rates (5 
elements/sec or greater), the initial pattern ele- 
ments do not affect pattern organization. The ele- 
ments occur so quickly that it is impossible for Ss 
to use initial elements for organizing. The pattern 
organization is based on the structure of the pat- 
tern. Phenomenally, one hears the element se- 
quence recycling, although it is very difficult to 
describe the actual sequence of elements. If the 
presentation rate is gradually reduced (to 2 or 3 
elements/sec), the organization remains identical 
but now the element sequence can be learned as the 
elements occur more slowly. For this approach, 
organizing into a repeating pattern occurs at the 
fast presentation rates, and learning the elements 

occurs at the slower rates, 

All patterns were presented for 60 sec. The ele- 
ments were presented for 5 sec. at the rate of 6 ele- 
ments/sec, 10 sec. at 5 elements/sec, 20 sec. at 4 ele- 
ments/sec, and 25 sec. at 3 elements/sec, making 
a total of 235 elements, 

Experimental design and subjects. For fre- 

- quency, intensity, and duration. patterns, 30 pat- 
terns were presented. 'The 30 patterns consisted 
of the 10 patterns, the 10 complements, and 10 
randomly chosen filler patterns. For interval pat- 
terns, 24 patterns were presented: the 10 original 
patterns plus 14 filler patterns, 

The Ss identified all patterns by writing out the 

element sequence. For frequency, intensity, and 
duration patterns, the pattern elements were writ- 
ten on a blank line. The Ss were encouraged to 
use any code they wished. For example, some Ss 
used tall and short vertical lines to indicate the 
loud and soft intensity elements. For interval pat- 
terns, the answer sheet had horizontal lines of 
typed x’s. The Ss used slash marks to indicate 
long temporal intervals. There was a 15-sec. break 
between patterns, and Ss were instructed to write 
the entire pattern during this interval. They were 
cautioned against writing one element at a time 
during pattern presentation. 

The Ss were run in small groups. A total of 
45 Kansas State University undergraduates were 
presented the frequency patterns, 20 University of 
Tennessee undergraduates were Presented the in- 
tensity patterns, and 50 and 60 Kansas State Uni- 
versity undergraduates were presented duration 
and interval patterns, respectively. The Ss were 
pretrained using simple patterns composed of six 
elements. The Patterns were presented in random 
order with the restriction that a pattern and its 
somplement be Separated by at least five other 
atterns, Across Ss, the order of presentation was 
ounterbalanced, 
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Results 

The measure of organization was the 
percentage of times the pattern cription 
started at each pattern element, -hile the 
measure of pattern difficulty vw 1e per- 
centage of correct pattern descrip: s. The 
preferred organizations and perc re cor- 
rect for each pattern are shown i ble 1.8 

Pattern organization, Pattern aniza- 
tion was analyzed on the basis o: iciples 
generated by Garner and co-workers Preus- 
ser, Garner, & Gottwald, 1970) t scribe 
the organization of frequency pati: A 
pattern of two elements is though. to be 
constructed of two interlocked one ment 
Patterns (HHLHLLHL is constru of 
HH-H--H--F--L-LL-L). One ment 
becomes the “figure” element and Ss ti a or- 
ganize the entire pattern around that el- nent 
according to one of two principles: («the 


run principle, which states that the Ic gest 
run (of identical elements) of the figur. cle- 


ment begins the pattern (HHLHLLE or 
LLHLHHLH); or (b) the gap prin: ple, 
which states that Ss tend to end the pa: ern 
description with the longest run of the ground 
element (HLEHLHEL or LHLLHLHH). Note 
that for gap organization, the figure ele: ent 
still begins the pattern description, 


In order to assess à preference for a fg- 
ure element and a preference for run or gap 
organization, the 10 patterns were broken 
into four groups (in Table 2). For Patterns 
1 and 2, the pattern and complement are 
identical and run and gap organization are 
identical for both elements (RHHHLLLE or 
LLLLHHHH, HHLL or LLHH). These pat- 
terns can assess figure element preference, For 
Pattern 3, the pattern and complement are 
identical but run and gap organization differ 
(run organization: LLHLHHLH, HHLHLLHL; 


3 Explicit statistical Comparisons are not pro- 
vided, as the overall consistency of the results is 
important, Nevertheless, pairwise comparisons can 
be made using a conservative estimate of the stan 
dard error of the difference between two propor- 
tion. Assume b=q=.5; assume that the re- 
sponses are independent; and use a two-tailed, .05 
significance level. Due to differing numbers of Ss, 
differences in Percentage correct of 21%, 31%, 
20%, and 18% would be significant for frequency, 


intensity, duration, and interval patterns, respec- 
tively, 
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TABLE 1 


PERCENTAGE OF PREFERRED DESCRIPTIONS AND PERCENTAGE CORRECT 
FOR EIGHT- ELEMENT PATTERNS 


Type of pattern 


Pattern Frequency Intensity Duration Interval 
structure 
Description | % 2] Description | 76997 | Description | 659 | Description |% £0" 
»9xxoo rA 91 XXxx(86) 93 «.—-(88) 49 xx/xx(100) 75 
HHLL(30) 
à 5000 LLLLHHHH rl 94 XXXXxxxx (91) 78 62 xxxx/xxxx/ (100) 75 
HHHHLLLL (26) 
KXOX y LHLLHLHH d 56 XxXXxXxx(45) 55 24 ET 57 
LLHLHHLH (18) XxxXxXXx(41) x/x/xx/ (29) 
HLHHLHLL(15) XXxXxxXx(14) | 
HHLHLLHL(10) 
LHLHLHHH (84) 89 XxXxX: 93) 70 53 x/x/x/x/x/xxx/ (60) 60 
iP e EAN Xe Rx) 
nea 81 Sp 80 61 
LLLHLHLH (20) XXxXxXxX (15) 
0000 LHHLRHEH(A 81 | XxxXxxxx(92) 65 13 |xxxx/x/xx/x/ (54) 43 
HHHHLHHL(10) x/xx/x/xxxx/ (33) 
oxxoxxxx | LLLLHLLH e 70 |XXXXxXXx(58) 78 
HLLHLLLL (35 XXxXXXXx(33) 
XOOXOOXO M OE 64. | XxxXxxXx(50) 23 xx/x/xx/x/x/x/ (14) 38 
LHLHHLHH 2 XxXxxXxx(35) 
HHLHHLHL(21 
H. OXXOXXOX | LLHLLHLH G2 65 eae 65 41 
LLHLHLLH x 
g XXXXxXXx(23) 
A, XXOX 84) 80 xX. 71 67 39 xxxx/xx/x/x/ (10) 50 
XX0X0000 | LLHLHHHH (84) XXx Ed dex 13) 
7B. OOXOXXXX | HHLHLLLL. E 70 |XXXXxxXx(45) 55 40 
LLLLHHLH(37, XxXXXXxx(45) 
8A, xxooxooo | LLHHLHHH(63 71 XXxxXxxx(53) 75 37 xxx/xx/xx/x/ (66) 68 
HHLHHHLL (24) XxxxX Xxx (40) xx/xx/x/xxx/ (24) 
8B.ooxxoxxx| LLHLLLHH(S53 69 |XXxXXXxx(67) 75 31 
HHLLHLLL (23, XXXxxXXx(20) 
LLLHHLLH(19, 
9A. xxxoxxoo | LLLHLLHH (82) 74  |XXXxXXxx(88) 80 22] 53 xx/xx/xxx/x/ (66) 63 
HLLHHLLL(14) XXxxXXXx(12) x/xx/xx/xxx/ (21) 
9B.oooxooxx| HHHLLHHL! 32) 69 XxxXXxxx(85) 65 25 
LHHLLHHH (35. 
LLHHHLHH(27) 
10A. xxoxoxoo | LLHLHLHR (62) 75. |XXxXxXxx(67) 75 41 | xx/xx/x/x/x/x/(53) | 58 
HLHLHHLL (30) xxXXxXxX (13) x/x/x/x/xx/xx/ (39) 
10B. ooxoxoxx | LHLHLLHH (61) 75 XxXxXXxx(67) 60 45 
HHLHLHLL(27) XXxxXxXx(25) 


gap organization: LHLLHLHH, HLHHLHLL). 
* This pattern can assess both figure element 
| and organization preference. For the re- 
maining patterns, the pattern and comple- 
| ment differ. For Patterns 4—6, each element 
| can be organized in only one way. Consider 
Pattern 4A; HHHLHLHL. Since the low 
element occurred only in runs of one ele- 
ment, the high element can only be organized 


Note. Descriptions with a frequency of less than 10% are omitted. 


by the run principle (HHHLHLHL) and the 
low element only by the gap principle 
(LHLHLHHH). The opposite is true for its 
complement (Pattern 4B, LLLHLHLH): the 
high element can be used only for gap or- 
ganization while the low element can be used 
only for run organization. For Patterns 7- 
10, run and gap organization are identical 
for one element but differ for the other ele- 
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TABLE 2 
PERCENTAGE OF RUN, GAP, AND RUN-GAP ORGANIZATIONS 
Type of pattern 
Frequency Intensity Durat 
m Organization Organization Or on 

Element Element Element E À 

Run | Gap Pu Run | Gap rd Run | | P 

L = p= 669 X — | — | 89 . — 86 

fe E |—|-—]28] x eae Se AE il 
3 L 18.| 42. | — X 14 | 45 | — ` 13 — 
H 10 15 = x 0 0 — - 2 — 

4A,5A,6A. L exce] oci d e X — 91 — . — 7 — 
H 15 — — x p, E 5 * 15 3d 

4B,5B,6B L 41 —|— X 62 | — — E 86 : = 
H — 41 — x — 8 = m zu 8 5 

7A,8A,9A,10A L e-ÉI—ES X =] — 75 ` — - 87 
H 5 18 | — x 7 S| — - 7 2 = 

7B,8B,9B,10B L 19 | 41 = X 19 66 | — . 46 36 "m. 
H — — 33 x — — 4 K = c. 14 


ment. Consider Pattern 7A: LLHLHHHH, 
Run and gap organization are identical for 
the low element (LLELHHHH), but run or- 
ganization (HHHHLLHL) and gap organiza- 
tion (HLHHHHLL) differ for the high ele- 
ment. The reverse is true for the comple- 
ment (7B): run and gap organization are 
identical for the high element but differ for 
the low element, Therefore, Patterns 4-10 
can be used to investigate the trade-off be- 
tween preference for a figure element and 
preference for a type of organization. The 
average percentages for each pattern type 
are presented in Table 2. 

For frequency patterns, the preferred fig- 
ure element was the low pitch tone, and the 
preferred organization was gap organization ; 
but the structure of the high pitch tone also 
affected organization, For Patterns 1 and 
2, the low tone was preferred (69% to 
31%). For Pattern 3, the low tone was 
again preferred, and for both tones gap or- 
ganization was preferred to run organiza- 
tion. F urthermore, for Patterns 4A-6A, 
low tone — Sap organization was preferred to 
high tone run organization, although for 
Patterns 4B-6B, where low tone— gap or- 
ganization was impossible, high tone— gap 
organization and low tone — run organization 
were equally preferred (4196). Similarly, 
for Patterns 7A-10A, where low tone — gap 


| 


-a 


and run organization was identical, th’. or-- 
ganization was much preferred (73%), hile | 
for Patterns 7B-10B, where high tone- run | 
and gap organization was identical, thi- or- 


ganization was intermediate (3396) between 
low tone — gap organization (41%) and low 
tone—run organization (19%). In sum, 
element preference and pattern structure 
jointly determined organization, 

For intensity patterns, the more intense 
element was the figure element, and gap or- 
ganization was Preferred. In contrast to 
the possible organiza- 
element (ie. the softer 
tone) had little or no effect on Organization. 
Overall, 71% of the Organizations were in- 


patterns, the figure element 
was the short element, 88% of the organiza- 
tions began with the short element, and run 
organization was the preferred organizing 
principle. As for intensity patterns, the or- 
ganizations of the ground element (ie, the 
long element) had little or no effect on or- 
ganization. In contrast to frequency and 
intensity patterns, however, run organization 
predominated. For Patterns 7B-10B, where 
tun and gap organization differed for the 


2 


ccu A-a 


"and 36% were gap organizations. 
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short element, 4696 were run organizations 
More- 
over, there was a greater percentage of run 
organization than gap organization using the 
short element for Patterns 4—6, in which only 
ne organizing principle could function 

26% to 73%). The exception to this 

ieralization was Pattern 3; here gap or- 

ization was more frequent. 
henomenally, interval patterns are like 
d: rhythms of identical elements grouped 

E ed in time. For this reason pattern 
i, ‘tion was analyzed as a function of 
ing of the pattern elements. Across 

s, the major organization principle 

egin the pattern description with 

„vest run of contiguous elements. This 
was true for simple patterns with two 
[e.g., xxxxxxx/x/ (100%), xxxxxx/ 
(83%), xxxxx/xxx/ (53%)], as well 
for more complex patterns [e.g., xxxx/ 

x/x/ (54%), xxx/xx/xx/x/ (68%), 

/xx/x/x/x/x/ (53%)]. Patterns with 

ly one short run, however, were organized 

ith that run at the end of the pattern: 

/x/x/x/x/x/xx/ (66%); x/x/x/x/x] 
cxx/ (6090); x/x/x/x/xxxx/ (3970); 

/x/x/xxxxx/ (55%) ; but xxxxxx/x/x/ 
(8996). 

Pattern difficulty. The measure of pat- 
tern difficulty was the percentage of correct 
pattern descriptions. Two analyses will be 
discussed: (a) differences in difficulty be- 
tween each pattern and its complement, and 
(b) the similarity in rank order of pattern 
difficulty for frequency, intensity, duration, 
and interval patterns. 

For frequency and intensity patterns, the 
difficulty of a pattern and its complement 
were quite similar. For frequency patterns, 
the average absolute difference was 5%, and 
for intensity patterns the average was 10%. 
For duration patterns, the difficulty of a 
pattern and its complement differed sharply 
for Pattern 5 (13% to 78%) and Pattern 9 
(53% to 25%). For the difficult representa- 
tion, the short element appeared three times 
as a single element so that runs of short ele- 
ments appear necessary to easily identify 
duration patterns. Therefore, difficulty for 
duration patterns was not merely due to the 
structural complexity of the pattern, as found 


927 


for frequency and intensity patterns, but also 
depended on how sensory magnitudes were 
assigned as pattern elements. 

On the basis of these results, it appears 
reasonable to average pattern and comple- 
ment difficulty for frequency and intensity 
patterns. These averages may be compared 
to each other, to difficulty for interval pat- 
terns, and separately to difficulty for each 
pattern and complement for duration pat- 
terns. 

The rank order of pattern difficulty was 
quite similar for frequency, intensity, and in- 
terval patterns. All Spearman rho’s were 
above .75 (n = 10), and the average correla- 
tion was .82. Furthermore, the correlation 
between these three pattern types and the 
duration patterns in which the short element 
could be unambiguously organized by the 
run principle (Patterns 1-3, 4B-10B) was 
nearly identical and averaged .73. The cor- 
relation between duration patterns in which 
the short element could not be unambiguously 
organized by the run principle and fre- 
quency, intensity, and interval patterns was 
less, averaging .48. What this means is that 
in spite of varied organizational tendencies, 
the rank order of pattern difficulty was rela- 
tively similar. The major exception was the 
duration patterns, where a pattern and com- 
plement may differ greatly in difficulty. 


EXPERIMENT II 


The results of Experiment I demonstrated. 
that figure element preferences along with. 
organizational rules based on runs of iden- 
tical elements could account for pattern de- 
scriptions produced by Ss. For all of these 
patterns, elements differed along one dimen- 
sion only, and this is not very representa- — 
tive of natural patterns, i 


Even the simplest. 2 
children's song has both melodic and rhyth- — 
mic patterning. For this reason, the purpose 
of Experiment II was to investigate the or- 
ganization of complex patterns consisting of 
two types of patternings in which constituent 
elements differed along two dimensions. 
Two types of patterns were constructed: 
(a) frequency-duration, and (5) frequency- 
interval. These patterns were constructed 
by overlaying two types of patterning, one 
in time (frequency) and one of time (dura- 


"n 
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tion or interval). Each pattern was there- 
fore patterned in two ways; and the com- 
ponent patternings were those repeating 
eight-element sequences used in Experi- 
ment I, 

In order to determine the role of each 
type of patterning in temporal organization, 
frequency and interval or frequency and 
duration patterning were placed in conflict 
and Ss were required to describe the fre- 
quency element sequence, To place the pat- 
ternings in conflict, the sequence was pre- 
sented so that frequency organization would 
result in keeping runs of identical pitch ele- 
ments together but breaking runs of identical 
duration elements or cutting across long 
temporal intervals between elements. Dura- 


tion or interval organization would result in - 


keeping runs of identical duration elements 
together or keeping contiguous elements to- 
gether while breaking 
quency elements. Consi 
ings HHHHLLLL and 
patternings are 


gether, while Ss organizing by the interval 
patterning would describe the sequence as 
LLLHHHHL or HHHLLLLH, keeping tem- 
porally contiguous elements together. By 
placing the two types of patternings in con- 
flict, it becomes Possible to determine the 
percentages of frequency and interval (or 
frequency and duration) organization used 
by Ss. 


Method 


Eight-element Patterns, Six eight-element pat- 
ternings were used for frequency, duration, and in- 
terval Patterning : xxxxoooo, XXXXOXXO, XXXXOOXO, 
XXXOOXXO0, XX00X0X0, xxoxxoxo, In addition, for 
duration and interval Patterning, two extra pat- 
terns were used Gates =; «——.--, and 
XXXXXXXx/, XX/xx/xx/xx/). These patternings, 
along with ... and XXXX/XXxx/, 

Tange of simple periodic rhythms, 
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Apparatus, sensory elements, sthod of 
presentation, The apparatus, sen elements, 
and method of presentation were ide l to those 
used in riment I with one exc In the 
second segment of the experiment issed be- 
low), the two frequency elements 595 Hz, 
and 795 Hz. These elements were < to pre- 
clude stream Segregation found for w lifferent 
frequencies (Bregman & Campbell, 19 

Experimental design and subjects. experi- 
ment was run in two segments. The { egment 
used all possible combinations of freq -dura- 
tion and frequency-interval patterns, wi ie sec- 
ond investigated selected combination as to 
replicate and assess the generality of initial 
conclusions, 

The first Segment involved all 48 po ` fre- 
quency-duration and all 48 possible í iency- 1 
interval patterns, For each frequency patter: «2, one 
Tepresentation was used throughout: Li: IHH, 
HHLHLLLL, LHALHHHH, LLEHLHHH, LHL LHH, 
and LLHLLHLH. These were chosen to bal e the 


number of high and low pitch tones, In . tion, 


one representation was used for each durati pat- 
tern: ===, Tm) meme mmm, s ui, 
These were chosen because the pre- 
anization beginning with a run oi short 
was highly preferred The specific nter- 
Tings were xxxx/xxxx/, XX/x/x/x » xx/, 
XXXX/, XX/xx/x/xxx/, XX/xx/x /x/ - /x]f, 

and XX/x/xx/x/x /x. 
In addition to the 48 patterns generated by com- 
bining frequency and duration Patterning or by 
combining frequency and interval patterning, the 
six frequency Patterns (as in Experiment I) were 
also presented. For both frequency-duration and 
requency-interva] patterns, the tota] of 54 patterns 
Was broken into three Sets of 18 each. In every 


oc- 
with 6 


were run in small 
Presented the three 
sets of frequency-duration patterns, while 53, 48, 
three sets of fre- 

S were Kansas 


ee ee NET m 
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TABLE 3 
FREQUENCY-INTERVAL PATTERNS: PERCENTAGE OF FREQUENCY/INTERVAL ORGANIZATIONS 
= 
Frequency patterning 
Interval patterning Average 
HHHHLLLL HHLLHLLL HHLHLLLL LHHLHHHH LHLHLLHH LLHLLHLH 
LLLLHHHH LLHHLHHH LLHLHHHH HLLHLLLL HLHLHHLL HHLHHLHL 
xxxxxx/ 23/14 6/94 6/94 0/100 3/91 3/91 8/89 
x/xxxx/ 30/70 14/79 7/80 4/93 3/97 3/97 11/86 
xx/xx/xxJ 57/40 49/49 15/75 21/68 41/59 10/85 32/53 
x/xxx] 56/34 56/32 22/65 12/76 21/60 18/51 32/53 
x/x /xxxx/ or 
xx/x /x/xxxxJ. 88/7 53/23 71/22 59/38 33/45 41/53 58/31 
x/x/xjv./ cx] xx) 88/6 71/13 59/39 71/15 49/28 67/23 68/20 
x/x/ 94/3 75/20 93/4 78/13 91/9 72/20 84/12 
62/33 47/44 38/54 36/58 36/56 31/60 41/51 


: only one way. Given this small number of 
nations, any result might be due to the par- 
iar patterning or overlay used. For this reason, 
second segment (although not using all pos- 
> combinations) used at least two new ways of 
laying frequency, duration, and interval pat- 
ings and used both representations of frequency 
| duration patternings. For example, in the first 
pment, the frequency pattern LHHLHHHH and in- 
'val pattern x/xx/x/xxxx/ were combined to 
oduce the frequency-interval pattern H/HL/H/ 
:«HL/. In the second segment, four different pat- 
rns were presented: H/LH/H/HHLH/, L/HL/L/ 
L.HL/, H/HL/H/HLHH/, and L/LH/L/LHLL/. For 
all patterns, frequency and interval organization 
liffered. 

There was a total of 60 frequency-duration pat- 
terns generated from 4 patterns for each of 15 fre- 
quency-duration combinations. The 60 patterns 
were split into two balanced sets of 30 patterns, with 
each group presented to 14 Ss. There was a total 
of 72 frequency-interval patterns resulting from 4 
patterns for each of 18 frequency-interval com- 
binations. The 72 patterns were split into two 
groups of 36 patterns, with each group presented 
to 10 different Ss. The S's task was the same as 
in the first segment. All Ss were University of 
'Tennessee undergraduates. 


Results 


The two most preferred organizations based 
on the frequency patterning and the two 
most preferred organizations based on the 
duration or interval patterning were identi- 
fied from Experiment I (in Table 1). For 
each pattern, the percentage of frequency 
and the percentage of duration or interval 
organizations were calculated by summing 
organizations at the two preferred points. 
"These percentages were calculated separately 


for the two experimental segments as well as 
for the various combinations of each pattern 
in the second segment. The average differ- 
ence in the percentage of frequency and 
duration or interval organizations between 
the two segments and between the different 
overlays of the patternings in the second seg- 
ment was less than 12%. For this reason, 
the experimental segments were combined 
and the percentages were averaged. The 
percentages of frequency/interval organiza- 
tions for each pattern are shown in Table 3, 
and the percentages of frequency/duration 
organizations are shown in Table 4. The 
percentages of frequency/interval organiza- 
tion were similar for interval patternings 
xxxx/xx/x/x/ and xxxx/x/xx/x (61%/ 
27% and 5496/3390, respectively) and the 
percentages of frequency/duration organiza- 
tions were similar for duration patternings | 
su and l2 (5795/2806 and 59%/ - 
27%, respectively). These patternings were 
therefore combined in the tables. As the 


average percentage correct was 46%, these —— 


percentages were based on an average of 32 
descriptions per pattern.* 


4 Again, the overall consistency of the results is 
important. A conservative estimate of the standard 
error between two proportions can be made by as- 
suming p=q=.50 and that responses are inde- 
pendent. The percentages of frequency, duration, 
and interval organizations were based on an aver- 
age of 32 responses (with an absolute minimum of - 
16 responses), so that differences of 2596 would 
be significant at the .05 level, two tailed. 
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TABLE 4 


FREQUENCY-DURATION PATTERNS: PERCENTAGE OF FREQUENCY/DURATION ORGANIZ 


NS 


Frequency patterning 
PERNS ees L LLHLHHHH HLHLHHLL HHLLHLLL HLLHLLLL HHLHHL&H E 
XE HHLHLLLL LHLHLLHH LLHHLHHH LHHLHHHH LLHLLHI 

V ——— | sops sojas | 28/66 — ass — se] 17/74 | 40/48 

76/24 36/56 84/4 54/36 38/64 63/25 58/35 

74/26 85/15 43/25 60/40 53/29 35/24 38/21 

38/10 79/21 46/26 85/15 73/21 55/45 | 71/24 

87/8 69/7 63/25 75/20 58/19 63/37 | 9/20. 

80/8 82/0 69/19 74/23 82/0 69/19 | 75/15 

mem n; 90/10 78/19 63/25 11/23 85/14 63/10 | )/17 

Average 79/16 68/21 67/27 67/29 59/31 52/34 5/26 
Frequency-interval patterns. For fre- first row and soon. Therefore, for aiv fre- 


quency-interval patterns, organization was 
a trade-off between the two types of pattern- 
ing. The six frequency and seven interval 
patternings could be ordered as to “strength” 
of organization, and this ordering used to 
predict organization of all frequency-interval 
patterns. If a frequency patterning ranks 
above an interval patterning, then frequency 
organization should predominate for that frc- 
quency-interval pattern; if the interval pat- 
terning has the higher rank, then interval 
organization should predominate for that pat- 
tern. Furthermore, the dominance of one 
type of organization should increase as the 
difference in rank of the frequency and in- 
terval patterning increased, 

To demonstrate this relationship, a matrix 
representation was used in which frequency 
patterning was represented by columns and 
interval patternings by rows (see Table 3). 
Each cell of such a matrix contains the per- 
centage of frequency/interval organization. 
"The columns (ie, frequency patterning) 
were permuted so that the frequency pattern- 
ing which produced the highest percentage 
of frequency organizations across all interval 
patternings became the first column. Fol- 
- lowing this, all remaining columns were or- 

dered in the same way. Simultaneously, the 

rows were independently permuted so that 
the interval patterning which produced the 
highest percentage of interval organizations 
across the frequency patternings became the 


pf 


i 


quency patterning (a column), going down 
the rows should increase the percentaze of 
frequency organizations and decreas the 
percentage of interval organizations. Simi- 
larly, for any interval patterning (a vow), 
ecrease 


1 Of 


The order of the frequency and interval 
patternings is shown in Table 3. The order- 
ing, achieved by interleaving frequency and 
interval patternings, which represented the 
dominant organization WaS XXXXXxxX/, 
XXXX/xxxx, LLLLHMHH, XX/XX/xx/xx/, 
LLHHLHHH; 
LHHLHHHH, X/XX/x/xxxx/ or xx/x/x/ 
XXXX/, LHLHLLHH, LLHLLHLH, x/x/x/x/ 
xx/xx/, XX/x /xx /x [x /x ]. i 
perfectly predicted the dominant organization 
for all frequency—interyal patterns. The 
line within Table 3 Separates frequency and 
interval organization. Above the line, in- 
terval organization predominated; below the 
line frequency organization predominated, 
Moreover, the degree of difference in rank 
in the ordering predicted the relative degree 
of frequency or interval organization, This 
result is most clearly seen by considering the 
frequency patterning. For each frequency 
patterning, going down the rows produced a 
nearly monotonic increase in frequency or- 


tions - 


XX/xX/X/xxx/, HHLHLLLL, - 
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ganization and a nearly monotonic decrease 
in interval organizations. The results for 
interval patterns were not as clear, although 
identical trends were in evidence. Going 
across the columns decreased the percentage 
of frequency organization and increased the 
of interval organization. 


ring of the patternings in Table 
3 was post hoc, Nevertheless, the orders 
correlated with ways of describing pattern 


complexity ; simple patterns have fewer per- 
ceptual organizational points than complex 
patterns (Garner, 1970). The order of the 
frequency patterning correlated .66 with the 
percentage of organizations accounted for by 
the two preferred organizations (from Table 
1) and —.83 with the uncertainty of the dis- 
tribution of descriptions found in a study by 
Royer and Garner (1966). The order of 
the interval patterning correlated .73 with 
the percentage of organizations accounted for 
by the two preferred organization, There- 
fore, the orders go from simple to complex 
patternings. 

To summarize, the frequency and interval 
patterning may be ordered in such a way as 
to predict the dominance of frequency or 
interval organization. The order reflects 
the simplicity of patternings and suggests 
that pattern organization follows the sim- 
plest patterning, 

Frequency-duration patterns, The or- 
ganization of frequency-duration patterns 
was by the frequency patterning. Despite 
this, frequency and duration patterning could 
be ranked, with differences in rank reflecting 
only the degree of dominance of frequency 
organization. 

To demonstrate this relationship, a matrix 
was formed in which frequency patternings 
were ordered as columns, and duration pat- 
ternings as rows, These orders are shown in 
Table 4. The ordering, combining frequency 
and duration patterning, which optimally 
represented organization was LLLLHHHH, 
LLHHLLHH; sree ——————--, LHLHLLHH, 
LLHHLHHH,  LHHLHHHH,  LLHLLHLH, 
4 Of usum m, emm mm, emm, 
ao, . This ordering predicted 
all but two of the frequency-duration patterns, 
and, with the exception of the ........ 
duration patterning, there was no overlap 
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between frequency and duration patternings. 
The heavy line in Table 4 separates fre- 
quency and duration organization, Differ- 
ences in rank did predict dominance of fre- 
quency organization. The percentage of fre- 
quency organizations decreased across col- 
umns (79% to 52%) and increased across 
rows (40% to 76%), while duration organ- 
izations increased across columns (1696 to 
3495) and decreased across rows (4896 to 
17%). 

Again, the ordering of columns (fre- 
quency patterning) and rows (duration pat- 
ternings) was post hoc. As found for fre- 
quency-interval patterns, the orders reflect 
pattern complexity, with simple patterns 
being highly ranked. The order of the fre- 
quency patterning correlated .94 with the 
percentage of organizations accounted for by 
the two preferred organizations (in Table 1) 
and —.73 with the uncertainty of the dis- 
tribution of descriptions (Royer & Garner, 
1966). The ordering of the frequency pat- 
ternings was similar for frequency-interval 
and frequency-duration patterns (Spearman 
rho— 72). The ordering of the duration 
patterning correlated .26 with the percentage 
of organizations accounted for by the two 
preferred organizations. 

To summarize, for this set of patterns, fre- 
quency organization dominated with the 
amount of frequency organization predictable 
on the basis of patterning simplicity; simple 
frequency patterning brought about a very 
high percentage of frequency organization, 
and simple duration patterning reduced the 
percentage of frequency organization, 


Discussion 


The organization of patterns in which ele- 
ments differed along one dimension seemed to 
be determined by a figure element preference and 
organizational principles based on runs of iden- 
tical elements. Although the specifics differed 
for each type of pattern, these factors did serve 
as a framework for describing all pattern or- 
ganizations, Pattern difficulty was due pri- 
marily to element structure, with the two repre- 
sentations for each structure differing in diffi- 
culty only for duration patterns. 

The four types of patterns can be categorized. 
in several ways. One categorization splits 
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these patterns in terms of the time domain: 
Frequency and intensity patterns are patterns 
in time—elements do not differ in terms of any 
temporal characteristic and the pattern simply 
Occurs across time, i.e, the pattern extends in 
time. Duration and interval patterns, on the 
other hand, are patterns of time—elements dif- 
fer temporally. This distinction can be used to 
differentiate the principle used to organize pat- 
tern elements. Patterns in time—frequency 
and intensity—were organized by a gap prin- 
ciple. That is, the longest run of the ground 
element was placed at the pattern end. The 
ground elements maximally set apart pattern 
repetitions. Patterns of time—duration and 
interval—were organized by a run principle. 

That is, the longest run of the figure element 

began the pattern description. On this basis, 

it appears that patterns in time were organized 
by the ground elements, while patterns of time 
- were organized by the figure elements, 

A second categorization splits these patterns 
in terms of sensory dimension. For intensity, 
duration, and interval patterns, elements (or 
intervals between elements) are of different 
magnitudes, while for frequency patterns ele- 
. ments are of different kinds, not really of dif- 
. ferent magnitudes. Stevens (1957) has char- 
acterized the former dimensions as prothetic— 
having to do with how much—and the latter 
dimensions as metathetic—having to do with 
what kind. This classification does not pre- 
dict which pattern element will become the fig- 
ure element, but rather seems to differentiate 
the role of the ground element. Only for fre- 
|. quency patterns does the ground element sig- 
- nificantly affect organization. The pattern of 
the ground element (here the high element) 
determined the probability of various organiza- 
tions based on the figure element, and for 
certain patterns the figure-ground relation 
changed, with the ground element becoming the 
- figure element. Thus, as Royer and Garner 

(1970) have argued, organization of frequency 

patterns is holistic with all pattern elements 
. contributing to the perceived pattern. For in- 
tensity, duration, and interval patterns, how- 
ever, elements are quantitatively different. For 
these patterns, one element was always the 
ground element and the structure of this element 
never did influence organization. The figure 
element was not necessarily the element of 
greatest sensory energy, since the short element 
served as the figure element for duration pat- 
terns, For these patterns, organization was not 
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a function of all elements—figure round— 
but of the figure elements alone. 

These two classifications of ten; patterns 
therefore relate to different aspect pattern 
organization, The nature of the t« ral pat- 
terning relates to the type of organi: 1, while 
the nature of the element differen: ites to 
the role of each element in organiz R 

Patterns constructed by overlayin o dif- 
ferent patternings were organized o basis 
of the organizing “strength” of the « nents, 
Simple patternings, in which descri, were 
concentrated at one or two pattern nents, 
had high organizing strength. More: these 
patterns were easier to identify as t! pear- | 
man correlation between organizing ngth 
and percentage correct averaged .63. two 
patternings—írequency and interval fre- 
quency and duration—could be placed in a 


combined ordering, with the rank of eac com- 


ponent used to predict the dominant or. iza- 
tion as well as the percentages of each t e of 
organization. For frequency-interval pa rns, 
the frequency and interval patternings were 
about equal in organizing strength, as th. pat- 
ternings were interleaved in the combine. or- 
dering. For frequency-duration patterns. fre- 


quency patterning was a stronger orga: izer 
than duration Patterning, as the combine: or- 
dering was essentially overlapping. 

The present research has a close paralle! in 
work done by Fraisse (see review by Ehrlich, 
1960). In this research, Ss manually repro- 
duced a sequence generated by a short repeat- 
ing pattern in which the elements differed in 
frequency, intensity, or duration. Although 
results in the present experiment differ in par- 
ticulars from those of Fraisse (1956), it is 
almost self-evident that differences in stimulus 
presentation and in response mode should and 
do generate different organizational principles. 
Sa 

5A second difference between metathetic and 
prothetic dimensions can be suggested. Although 
the low pitch element was the figure element for 
all Ss in the present experiment, in other work the 
high element was found to be the figure element 
(Royer & Garner, 1970), or varied preferences 
were found for different Ss (Preusser et al., 1970). 
Probably secondary characteristics of the tones 
(eg, volume or brightness) brought about figure 
element preferences, Thus, the frequency element 
Preference does not seem to be predictable in terms 
of frequencies themselves. This conclusion would 
not seem to be true for intensity, duration, and in- 
terval patterns. For these patterns, in which ele- 
ments differ quantitatively, the preferred figure 

element does seem to be predictable on the basis of 
the sensory magnitudes themselves. 


mm 


"hat is of more importance; however, is that 
Fraisse was able to discover a set of factors 
which could be used to describe the organiza- 
tion of different types of patterns. Similarly, 
in the present experiment, a set of principles 
(although different from Fraisse's) could also 
be found which allows for a description of 
pattern organization, 

The present results, along with those of 
Fraisse (1956), suggest that organizational 
principles may be, and most probably are, of 
limited generality. Organizational principles 
are limited across presentation and response 
conditions, although within an experimental 
situation the identical principles may be used 
to describe organization of different types of 
| atterns (e.g. frequency, intensity, duration, 

nd interval temporal patterns). The per- 
ceived pattern is a function of all component 
tternings, and any perceptual theory arguing 
at one type of organization is fundamental 

e.g, Martin, 1972) must be in error. Ob- 

vusly the nature of the organization can 
F ` cld to analysis, but this analysis cannot a 
ori argue that one mode of organization is 
re fundamental than another. Due to the 
itiplicity of possible organizations, it is pos- 
»le that no complete set of principles can ever 
> found. 
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Two spatially separate rows of letters were displayed in a tachistoscope either 


simultaneously or sequentially. A tone cue, 
was differentially timed so as to allow comparison of performance under the 
two modes of presentation at identical delays of cue. Performance on the 
temporally leading row was substantially impaired relative to performance on 
the corresponding row under simultaneous display conditions. It is suggested 
that the onset of the second display interferes with the processing of the first. 


masking by a spatially superimposed pattern 


x 
x 


Parallels with backward visual 
are noted. 


j Visual masking of a patterned test stim- 
ulus is obtained when a patterned mask 
either precedes (forward masking) or fol- 
lows (backward masking) the test stimulus 
at an appropriate temporal interval. In- 
terruption theories of backward masking 
by pattern (Kahneman, 1968) stress that 
perception of the test stimulus is'a process 
that occurs over a period of time. Masking 
is held to occur if a second stimulus—the 
mask—is displayed before processing of the 
_test stimulus is completed. More specifi- 
cally, Liss proposes that “. . . backward 
. masking stops stimulus processing when- 
ever the spatial analysis of both the stimu- 
lus and the mask require the use of the 
same central mechanisms. An effective 
mask may stop stimulus processing by pre- 
empting a central system that has not yet 
finished analyzing the stimulus [Liss, 1968, 
- p. 330." 
3 Following a series of studies, Kolers 
(1968) and Turvey (1973) reached a theo- 


D 
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indicating the row to be reported, 


retical position in broad agreement vith 
that of Liss (1968). The experin -tal 
paradigm of these studies involved the 
presentation of a patterned test stin: ilus 
followed in time by a spatially adjace:.: or 
superimposed patterned mask. While the 
results thus obtained are eminently inter- 
pretable in terms of interruption of pro-es- 
sing, the possibility is not excluded tnat 


masking may have occurred, at least par: ly, 
through perceptual integration of the con- 
tours of the test stimulus with those of ihe 
mask at some Stage of processing (Eriksen, 
1966; Kinsbourne & Warrington, 1962). 
The demonstration that masking can occur 
dichoptically (Smith & Schiller, 1966) does 
not completely dispose of this possibility 
in that spatial integration of test and mask- 
ing stimuli can occur postretinally through 
binocular fusion. 
In the present work the possibility of 
stimulus degradation through integration 
with the mask was eliminated by rapidly 
displaying the two stimuli in different loca- 
tions within the visual field. Two rows of 
letters having vertical separation equal to 
four times the height of the individual 
letters were displayed either simultane- 
ously or in close temporal succession. 
Differential timing of a tone, which cued 
either the upper or the lower row, allowed 
comparison of performance under the two 
modes of presentation at identical delays 
of cue. On the assumption that the con- 


ents of both rows are processed by the 
same set of central mechanisms, different 
levels of performance on the cued row 
would be expected under the two modes 
of presentation. Were processing of the 
first-presented row interrupted by the onset 
of the second, recall of the letters in the 
rst row should be poorer under successive 
presentation conditions (where the second 
row is displayed in the time interval be- 
tween offset of the first row and onset of 
the cue) than in the corresponding row 
under simultaneous presentation condi- 
tions (where a uniform light field is dis- 
layed during that interval). The results 
howed a large effect consistent with the 
terference hypothesis. 


EXPERIMENT I 
‘ethod 


Materials and apparatus. The stimulus materials 

x ve 28 sequences of 14 random letters arranged in 
; T-letter rows placed one above the other. The 
of sequences was constructed so that all letters 

-ept I, O, Q, W, and X were used approximately 
¿n equal number of times (18) and no letter appeared 

nore than once in a sequence. The displays con- 
isted of black uppercase 20-point letters (Letraset 
^astant Lettering No. 8831) placed on white cards. 
"The visual angle of a rectangular display comprising 
the two rows was approximately 4.5? X 2.2° 
individual letters subtended visual angle of ap- 
proximately .36° X .36°, while the separation be- 
tween letters within a row was approximately .40°. 
The separation between upper and lower rows was 
approximately 1.45° of visual angle. 

For each presentation condition, a separate set of 
the 28 letter sequences was constructed. In the 
simultaneous condition the two rows were placed on 
a single white card; in the successive condition the 
same letter rows were placed on separate white 
cards which were ordered so that the relative posi- 
tions of the rows, one above the other, was the same 
as it was when both rows were viewed simultane- 
ously. The visual angles of the successive displays, 
when both rows were viewed simultaneously, were 
identical to those of the simultaneous displays. 

The materials were presented in a Gerbrands 
three-field tachistoscope. The luminance of all fields 
was approximately 21 cd/m*. An audio oscillator 
and a speaker were used to present a recall cue. The 
audio oscillator was programmed by the same timers 
used to control the tachistoscope. 

Design. All Ss were tested under both successive 
and simultaneous conditions. In the simultaneous 
condition the letter rows were exposed for 50 msec. 
and the recall cue was presented following delays of 
0 or 50 msec. from the termination of the visual 
displays. In the successive condition each row was 
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exposed individually for 50 msec., so that the 
termination of the first row coincided with the onset 
of the second. The recall cue was always presented 
immediately at the termination of the second dis- 
play. Thus in the successive condition the first- 
presented row was always cued 50 msec. after its 
termination, while the second-presented row was 
cued immediately following its termination. With 
respect to delay of cue, the first- and second- 
presented rows in the successive conditions are 
paralleled, respectively, by the 50-msec, and 0-msec. 
delay of cue conditions in the simultaneous 
condition. 

The two rows were presented simultaneously on 
one half of the trials and sequentially on the other 
half. These two modes of presentation were admin- 
istered in four blocks of 56 trials each, which pro- 
duced a total of 224 trials. A block of 56 trials was 
formed by presenting the 28 stimulus sequences 
twice in succession. The order in which the condi- 
tions were presented was counterbalanced in an 
abba fashion so that for half the Ss the sequence of 
blocks commenced with simultaneous presentation, 
while for the remaining Ss the experiment began 
with successive presentation. Within each mode of 
presentation all Ss were cued to report the upper 
row on half the trials and the lower row on the : 
remaining trials. In addition, each S was required 
to report following 0-msec. delay of cue on half the 
trials, and following 50-msec. delays of cue on the 
remaining trials. These variables were factorially 
combined to yield eight different treatment condi- 
tions in all. Each S was tested 28 times under each 
of the eight within-Ss conditions (2 Modes of Pre- 
sentation X 2 Delays of Cue X 2 Rows). 

Since two particular letter rows were always 
paired and always appeared in the same relative 
location, reversing the order of presentation of the 
field of the tachistoscope insured that each row was 
recalled under the four different Presentation X 
Delay of Cue conditions. In short, both upper and 
lower rows of the stimulus sequences were recalled 
under simultaneous and successive presentation at 
0- and 50-msec. delays of cue. 

Procedure. On each trial Ss viewed a preexposure 
field containing a small fixation point which was 
located in the center of the display field. Following 
a verbal “ready” signal, Ss pressed a button to 
initiate a 50-msec. exposure of the entire stimulus 
array (simultaneous presentation) or a 50-msec, 
exposure of each row (successive presentation). On 
successive presentation trials, a tone of either 2,000 
Hz. or 500 Hz. was presented for 500 msec. at the 
termination of the second-presented row. On simul- 
taneous presentation trials, the tone was presented 
either 0 or 50 msec. after the termination of the 
display. The tone denoted the row to be reported: 
the 2,000-Hz. tone indicated the upper row, and the 
500-Hz. tone designated the lower row. During 
the 50-msec. delay of cue in the simultaneous condi- 
tion, a blank white field was presented. Following 
the offset of the visual display, the tachistoscope 
returned to the preexposure field. The same pro- 
cedure was followed on all trials. 
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The Ss were told of the successive and simultane- 
ous presentation conditions and were informed be- 
fore a change in conditions. The Ss were also in- 
structed to report the letters in any convenient 
order, and they were told that guessing was permis- 
Sible. At least 2 days before the experimental 
session, all Ss were given one practice session of 224 
trials. Stimulus materials and procedures in the 
practice sessions were the same as in the experi- 
mental session. 

Subjects. The four Ss were three male students 
and one female research assistant at Trent Uni- 
versity. All had normal or corrected to normal 
vision and were paid for participating. They served 
in all experiments reported in this article. 


Results and Discussion 


Performance scores for each S were cal- 
culated by summing the number of letters 
correctly reported across the 28 trials in 
each condition. A maximum score of 196 
correct responses was possible for each S$ 
in each condition. These scores were-used 
ina2xX2x*2 tepeated-measures analysis 
of variance to evaluate the effects of mode 
of presentation (simultaneous or succes- 
sive), delay of cue (0 or 50 msec.), and row 
reported (upper or lower). Mean results 
are shown in Table 1 for the simultaneous 
and successive conditions at 0- and 50-msec. 
delay of cue. The analysis revealed a 
significant effect of delay of cue, F (1, 3) 
= 81.54, p < .002, a significant interaction 
effect between delay of cue and mode of 
presentation, F (1, 3) — 16.64, p < .025, 
and a significant interaction effect between 
mode of presentation and row cued, F (1, 3) 
= 14.56, p < .03. No other effects were 
significant, 

The comparison of immediate interest in 
Table 1 is that between the simultaneous 


TABLE 1 


MEAN PERCENTAGE OF LETTERS RECALLED AND 
STANDARD ERROR Or THE MEAN IN THE SIMUL- 
TANEOUS AND SUCCESSIVE DISPLAY Conpr- 
TIONS AT 0- AND 50-MSEC. DELAY OF CUE 


Delay of cue 
Mode of pre- 
sentation 0 msec, 50 msec, 
M SE SE 
Simultaneous 43.7 3.8 40.9 3.6 
uccessive 51.1 4.5 28.2 3.6 
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and successive conditions at a c lelay of 
30 msec. Performance is su intially 
lower in the successive conditio: where a 
second row of letters, rather th: blank 
field, was presented during the :0-msec, 
interval preceding the onset of th- cne, 

The results clearly demonstrat: . mask- : 
ing effect, but the wide spatial sc. ration 
between the two rows all but preci des an 
explanation in terms of stimulus rada- 
tion by superimposition or proxi: ity of 
contours. Rather, they suggest a rocess 
of interference. On this view, onse of the 
second display interferes with proce... ng of 
the first. The lower level of perfo: nance 
on the first-presented row (Table may 
then be attributed to incomplete pro. -sing 
of its contents, 

This account obviously subsumes t: op- 
eration of a mechanism of perceptual «--zre- 
gation (Eriksen & Collins, 1968), ich 


insures registration of the two displa 
Separate events. In addition to seg 
tion, however, our data suggest the opera- 
tion of a process of backward masking ‘hat 
can readily be related to the framewor : of 
"interruption" theory (Kahneman, 1958). 
Such theoretical implications are discussed 
below along with the unexpected result 
(Table 1) that performance was higher in 
the successive than in the simultaneous 
mode of presentation when the cue was 
presented without delay. 


ga- 


ExPERIMENT II 


A backward 


in the preceding experiment When two rows 


of letters were displayed successively for 
50 msec. each. 


of the effect at longer exposure durations. 


Method 


either 50, 100, or 200 
msec. The briefest exposure was included to pro- 
vide a replication of the results obtained in Experi- 
ment I. Asin Experiment I, in the successive mode 
of presentation the recall cue was presented im- 
mediately at the termination of the second row. 
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Therefore, at exposure durations of 50, 100, and 
_ 200 msec., cuing of the first row was delayed by 50, 
* 100, and 200 msec., respectively. In the simultane- 
ous mode of presentation, at each of the three expo- 
sure durations (50, 100, or 200 msec.) the cue either 
coincided with the termination of the display or was 
delayed by 50, 100, or 200 msec., respectively. As 
can be seen, the basic design of Experiment I was 
replicated for the additional exposure durations of 
100 and 200 msec. It must be noted that the design 
involved the complete confounding of two variables 
which, taken separately, act in opposition to each 
> other with respect to accuracy of performance. 
The two variables were exposure duration (50, 100, 
and 200 msec.) and delay of cue (50, 100, and 200 
msec.), The confounding, however, was irrelevant 
to the experiment’s purpose, which was to compare 
elative levels of performance under simultaneous 
nd successive modes of presentation at identical 
-vels of exposure duration and delay of cue, The 
founding was resolved, at least in part, in 
;.xperiment III. 
All four Ss received 14 trials under each of the 
i within-Ss conditions yielded by the factorial 
mbination of the following variables: 2 Modes of 
presentation (simultaneous vs. successive) X 2 rows 
¿cced (upper vs. lower) X 2 levels of immediacy of 
e (immediate vs. delayed) X 3 levels of the 
mbined effects of exposure duration and delay of 
ie (50, 100, and 200 msec.). 
The three exposure conditions were presented in 
blocks of 28 trials, and the sequence of presentation 
the blocks was randomized for each S. The 
counterbalancing procedure insured that, across a 
xck of four Ss, each row was recalled twice under 
cach of the 24 possible conditions. 


Results and Discussion 


Performance scores were averaged as de- 
scribed in Experiment I and are shown by 
the continuous lines in Figure 1. The 
segmented lines in Figure 1 illustrate the 
results of Experiment III. The data were 
used ina 2 X 2 X 2 X 3 repeated-measures 
analysis of variance to evaluate, respec- 
tively, the effects of mode of presentation, 
row cued, immediacy of cue, and the com- 
bined effects of exposure duration and delay 
of cue. The only significant effects were 
mode of presentation, F (1, 3) — 14.56, 
p < .08, immediacy of cue, F (1, 3) - 
51.00, p < .005, the interaction effect be- 
tween mode of presentation and row cued, 
F (1,3) = 181.55, p < .001, and the 
interaction effect between mode of presen- 
tation and immediacy of cue, F (1, 3) — 
20.09, p < .019. 


EXP. 2 
$——8 sim. IMMEDIATE CUE 

O—O SIM. DELAYED CUE 

B— HR succ. IMMEDIATE CUE (SECOND PRESENTED ROW) 
DU Succ. DELAYED CUE (FIRST- PRESENTED row) 
EXP.3 


A---& SECOND-PRESENTED ROW 
A-A FIRST-PRESENTED ROW 


MEAN PERCENT CORRECT LETTERS RECALLED 


[ere] 
EXP. 2: EXPOSURE DURATION (MSEC) 


25 50 75 100 130 150 


EXP. 3: INTER-STIMULUS INTERVAL (MSEC) 


Mean level of performance in Ex- 
(Sim. = simultaneous, 


FIGURE 1. 
periments II and III. 
Succ. — successive.) 


The results of Experiment I were closely 
replicated, including the higher perform- 
ance level under successive than under 
simultaneous presentation conditions when 
the cue was presented without delay (Fig- 
ure 1). Notably, the masking effect ob- 
tained in Experiment I was again obtained 
at each of three exposure durations: in 
every case performance under delayed-cue 
conditions was lower in the successive than 
in the simultaneous mode of presentation 
(Figure 1, open squares vs. open circles). 
Clearly, even when the first-presented row 
was exposed for as long as 200 msec., per- 
formance was impaired by the presentation 


of a second row of spatially remote letter ' 


as opposed to a uniform light field. 

While the triple interaction effect among 
mode of presentation, immediacy of cue, 
and exposure duration fell short of sta- 
tistical significance, F (2, 6) = 3.27, p > 
.05, there is a clear suggestion in Figure 1 
(open circles vs. open squares) that the 
degree of impairment was greater at an 
exposure duration of 50 msec. (12%) than 
at 200 msec. (7%). This finding is con- 
sistent with the interpretation, proposed in 
the foregoing, that the effect is due to inter- 
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ruption of processing of the contents of 
the first display by the onset of the second. 
On this view, more processing of first-row 
contents could be accomplished in 200 
msec. than in 50 msec. before the disrup- 
tive onset of the second display. These 
conjectures, however, must be regarded as 
tentative. While comparisons within each 
of the three levels of exposure duration 
and delay of cue are obviously valid, com- 

_ parisons between levels are complicated by 
unknown possible interactions between dif- 
ferent values of the two variables. 


EXPERIMENT III 


"There was a suggestion in Experiment II 
that level of performance on the first- 
presented row was higher when the stimu- 
lus onset asynchrony (SOA) between the 
two portions of the display was long than 
when it was brief (Figure 1, open squares). 
It was hypothesized that the improvement 
in performance was related to the greater 
amount of processing that could be ac- 
complished at the longer SOA. 

The present study is a direct test of this 
hypothesis. The exposure duration of both 
portions of the display was held constant 
| at 50 msec., and a variable interstimulus 
interval (ISI) was inserted between the 
termination of the first row and the onset 
of the second. The same range of values 
of SOA was sampled in this experiment as 
was sampled in Experiment II. It should 
be expected that, were the onset of the 
- second display to interrupt processing of 
` the first, performance would improve with 
- increments in ISI as more time for first-row 

Processing is allowed before the disruptive 

onset of the second display. 


Method 


The Ss in this study were the same four who had 
- served in the previous two experiments. The dis- 
Play material was that used under the successive 
display conditions in the previous studies, and the 
| exposure duration of each row was 50 msec. through- 
out. No simultaneous display condition was run, 
A variable ISI, during which the adapting light 
field reappeared, was inserted between the termina- 
tion of the first display and the onset of the second, 
The duration of the ISI was either 25, 50, 75, 100, 
130, or 150 msec. An ISI of 130 msec. rather than 
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125 msec. was chosen because of 
changing the timing dials from tria! 


tone cue always coincided with the : nation of 
the second display. All four Ss rec: 14 trials 
under each of the 24 within-Ss cond s yielded 
by the factorial combination of the fo ing vari- 
ables: 2 locations of rows cued (upp: . lower) 
X 2 temporal orders of row presenta (leading 
vs. trailing) X 6 levels of ISI. The con ns were 
presented in a counterbalanced order «i to that 
of the previous two studies. The dat re col- 
lected over two sessions. In one se: cach S. 
received seven trials under each of the 24 ditions. 
Results and. Discussion 

The data, averaged as in Experi: ent I, 
are pictured by the triangular « nbols 
(segmented lines) in Figure 1. 

Performance on the first-present: | row 
was uniformly lower than on the s ond- | 
presented row. More important, hile j 
performance on the second row re: ined | 
at the 50-msec. level set by the succe ive- — 
immediate-cue condition of Experime t II, 
performance on the first row closel; fol- 
lowed that of the successive—delaye. -cue 
condition of Experiment II. The i tter 


result clearly shows the equivalence of “OA 
and ISI in the determination of the m: gni- 
tude of the effect over the temporal inter- 
vals examined in these studies, For ex- 
ample, performance is the same whether 
the first row is displayed for, say, 200 msec. 
before the onset of the second row, or 
Whether it is displayed for only 50 msec. 
and a 150-msec. “processing interval" is 
allowed to elapse before the disruptive onset 
of the second display. The Suggested ac- 
count in terms of interruption of processing 


is clearly supported by this pattern of 
results, 


GENERAL Discussion 


The impairment in performance demon- 
strated in these studies may be regarded as an 
instance of backward visual masking that 
cannot be ascribed to interference of contours 
(Averbach & Coriell, 1961), temporal integra- 
tion of signal and noise (Uttal, 1969), or 
contrast reduction due to summation of lumi- 
nances (Eriksen, 1966). Rather, this work 
illustrates a novel paradigm for the study of 
backward visual masking. The results yielded 
by this experimental paradigm are naturally 
explained in terms of interruption of informa- 

tion processing, 
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Interruption theories of backward visual 
masking have been proposed in several con- 
texts (Kolers, 1968; Liss, 1968; Turvey, 1973). 
In every case, the experimental paradigm in- 
volved close spatial proximity or superimposi- 
tion of test and masking stimuli. The results 
reported in the foregoing indicate that en- 
tirely similar masking effects may be obtained 
with an experimental paradig n not involving 
spatial superimposition. 

The parallel between the two paradigms is 
strengthened by a consideration of the phe- 
nom nological appearance of the displays. In 
the : vesent experiments the duration of the 
temporally leading display appeared to be fore- 
shortened by the onset of the second. The Ss 
reported that the onset of the second display 
did not leave them sufficient time to identify 
the letters in the first. These observations 
agree closely with those reported by Liss 
(1968) and Turvey (1973) in studies of back- 
ward visual masking by a spatially superim- 
posed mask. 

It may be a truism to note that, under both 
paradigms, the visual system must register 
the two displays as separate events before in- 
terruption of processing can occur. When 
only one event is registered the results from 
the two paradigms will clearly differ. In gen- 
eral, two displays are registered as one when 
the SOA between them is brief. Under these 
conditions (Turvey, 1973, Experiment 10) the 
two displays are perceptually integrated and, 
in the case of spatial superimposition, masking 
occurs because it is impossible to extricate the 
contours of the target from those of the mask. 
Conversely, no perceptual impairment should 
be expected when the displays are not spatially 
overlapping for, in thelimiting case, they would 
assume the appearance of the "simultaneous" 
conditions in the present experiments. 

The pattern of results obtained with both 
paradigms strongly suggests that the visual 
system cannot process two temporally separate 
sets of information at the same time. There 
are at least two possible accounts as to why 
the temporally trailing set receives the more 
thorough treatment. One possibility, outlined 
in the foregoing, is that the second display 
causes termination of processing by abrogating 
any processing mechanisms that are required 
commonly by the two displays. On this view 
it would be expected that the degree of inter- 
ference should diminish with decrements in the 
level of content similarity of the two displays. 
It would also be expected that the unprocessed 
elements of the first display should be irre- 
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trievably replaced by the elements of the 
second and should, therefore, be unavailable 
for further processing at a later stage. 

A second possibility is that the onset of the 
second display causes a rapid and compelling 
shift of attention away from the contents of 
the first. On this view, performance on the 
first display should be impaired, at least to . 
some extent, regardless of the level of content 
similarity. Furthermore, processing of the 
perceptual traces of the first display may well ~ 
be resumed through a second attentional shift. 
Some support for this view comes from a 
study by P. M. Merikle (personal communica- 
tion, March 1973), who reports a significant 
decrement in the level of performance on the 
first-presented row even if S is not required to 
report the contents of a second display which 
is spatially remote and temporally trailing. 
On the other hand, following trial tests with 
spatially superimposed masks, Liss found that 
"5... backward masking disrupts stimulus - 
identification to a greater degree the more 
line thickness and the general form qualities 
of the mask resemble those of the stimulus ` 
[Liss, 1968, p. 330].” Clearly, the two ex- 
planations need not be mutually exclusive: 
attentional shifts and termination of processing 
may both contribute to the observed impair- 
ment in performance. . 

Added support for the interpretation of the 
present results in terms of some sort of inter- 
ference of processing comes from further ex- 
amination of the results of Experiments I and 
II. Asshown in Table 1, level of performance 
at zero delay of cue was higher under succes- 
sive than under simultaneous display condi- 
tions. Figure 2 shows separate performance .- 
levels for upper and lower rows averaged over 
all exposure durations in Experiments I and 
II. Despite the averaging, Figure 2 is a faith- 
ful representation of the component data with. 
respect to the superior performance obtained 
under conditions of successive display at zero 
delay of cue. It is clear from Figure 2 that — 
the overshooting is due entirely to improved. 
performance on the lower row. Consider th 
points in the left-hand portion (immediate cue 
of Figure 2. When both rows were displayed: 
simultaneously, performance on the upper row 
was clearly superior. This is a commonly - 
found pattern of results (e.g, Dick, 1969), 
which suggests that the upper row may take 
precedence in the processing sequence. Poorer 
performance on the lower row would then 
arise through fading of the visual trace while —- 
preceding items are being processed and/or 
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MEAN PERCENT CORRECT LETTERS RECALLED 


IMMEDIATE DELAYED. 


CUE PRESENTATION 


FiGuRE 2. Mean level of performance averaged 
separately for upper and lower rows over Experi- 
ments I and II. (Sim, — simultaneous, succ, — 
successive.) 


through poorer retention of items due to exces- 
sive memory load. Upper-row superiority is 
all but eliminated under conditions of succès- 
sive display. Assuming a short-term memory 
storage of limited capacity, this may be ex- 
plained as follows: When the upper row is 
displayed first, processing of its contents is 
cut short by the onset of the lower row. A 
greater amount of memory storage is therefore 
left vacant for the contents of the lower row 
than would have been available had all upper- 
row items been processed and stored. A tem- 
porally trailing lower row may thus have 
greater availability of storage, and hence be 
better recalled, under successive than under 
simultaneous conditions, where most of the 
storage capacity is already occupied by the 
upper row. The converse would occur when 
the upper row is presented second. But a 
temporally trailing upper row can have no 
advantage over a simultaneously presented 
given the normal priorities 
in processing sequence, the latter has auto- 
matic precedence in filling storage space. 
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In other words, the overshoot . s only - 
in the lower row because it is at a di antage s 
under simultaneous conditions but under: 
successive conditions when it is splayed 2 
second. Since, at zero delay of cue, upper 
row is never at a disadvantage, ove oting 
cannot occur. 

We hasten to add that our pro!fied ac- 
count, while consonant with the t! retical | 
persuasion of this article, may be co»-idered | 
mildly farfetched. Nevertheless, the pl: -2ome- ] 
non is sturdy: it was shown by every ." at all i 
exposure durations, and we feel it d -erves | 
further investigation. 
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RULE LEARNING IN A STIMULUS INTEGRATION TASK ! 
KENT L. NORMAN? 


University of Alabama 


It has been suggested that the acquisi- 
tion of rules in complex judgment tasks 
is a form of concept learning (Summers 
& Hammond, 1966; Uhl, 1963). However, 


only a few recent studies have sought to 
investigate these learning processes in the 
context o litional concept-learning the- 
ories and paradigms (eg., Edgell & Ca- 


stellan, 1973). The present study investi- 
gates the generality of hypothesis-testing 
models in the study of interval concept 
attainmen 

A stimulus integration experiment was 
conducted in which blindfolded Ss moved 
a block two fixed distances and then pro- 
duced a third distance that represented 
a specific combination of the two distances. 
The rule specifying the correct combina- 
tion of the distances could be either (a) 
à weighted combination dependent on the 
order of the two distances such that the 
Correct combination was always biased 
toward the first or second distance, or (b) 
eighted combination dependent on the 
relative magnitude of the two distances 
such that the correct combination was 
always biased toward the shorter or longer 
> distances. Rule a represents 
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a linear combination since the simple effect 
of a stimulus value on the response is 
independent of the other cue. Rule 5 
represents a configural combination since 
the simple effect of a cue depends on both 
its own value and its relationship to the 
other cue. 

It is assumed that rule learning in this 
case must include two components—a bi- 
nary decision as to whether the combina- 
tion depends on the order or magnitude 
of the two stimuli and an interval rule 
regarding the exact weighting on the di- 
mension chosen. A learning model would 
require an initial stage governing the 
choice of dimensions to weight and a 
second stage governing a continuous ad- 
justment of weighting parameters in the 
rule. A similar two-stage process was in- 
dicated in a multiple-cue learning experi- 
ment by Bolhuis-Bouma and Oostlander 
(1972) but without empirical support. In 
order to provide evidence for this model 
in the present study, Ss were asked fol- 
lowing each trial to indicate which of the 
four possible rules they thought was 
correct. 


METHOD 


Apparatus. The apparatus was the same as that 
used by Norman (1974) to present fixed linear 
movements. Two free-moving, 5-cm. square Plexi- 
glas blocks were mounted on a wooden meter 
stick. The right-hand block could be locked in 
place by E when defining the length of the fixed 
movements and could. be moved out of the way 
when S was making his response. The apparatus 
was placed on a table parallel to the coronal plane, 
and a shield was placed over the meter stick, 
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FiGURE 1. 


Mean production responses as a function of first distance (S1) 


and second distance (S+) for each group over randomized blocks of stimulus 
pairs. (Dotted lines at bottom represent the "correct" distances determined 


by the rule for each group.) 


The S was blindfolded so that responding could 
not be based on visual cues. 

Procedure, Each S was told that he was to 
learn to produce a distance that represented a 
combination of the first two distances, and that 

- the correct combination would be consistently 
biased toward either the first, second, shorter, or 
longer distance. . The Ss were divided into four 
groups, one for each of the four rules. For Group 
First the correct distance was halfway between 
the midpoint between the two distances and the 
first distance; for Group Second the correct dis- 
tance was halfway between the midpoint and the 
second distance; for Group Short the correct dis- 
tance was halfway between the midpoint and the 
shorter distance; and for Group Long the correct 


distance was halfway between the midpoint and 
the longer distance. After each response S was 
told how many centimeters his response was over 
or under the correct distance. The S was to use 
this feedback to learn the correct combination. 

The two fixed distances, S; and Ss, were set at 
20, 40, or 60 cm. All nine pair combinations, 
forming a 3 X 3 design, were repeated five times 
in a randomized blocks presentation. The time to 
complete each fixed movement and return to the 
starting position was approximately 8 sec. Five 
seconds were allowed for S to produce his response 
before he was told to hold the block steady 50 
that the distance could be read and the feedback 
given. Responses were recorded to the nearest 
millimeter. The distance rounded off to the nearest 
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+:imeter over or under the prescribed distance 
read by E. 
wing each trial S was asked whether he 
nı the correct combination was consistently 
o either the first, second, shorter, or longer 
until he had been correct five times in 


x cts. The 40 Ss participating in this experi- 
mer ume from introductory psychology courses 
at University of California, San Diego (La 
Je Five males and 5 females were assigned 
at »m to each of the four groups. 


RESULTS 


! groups learned to produce responses 
€ stent with the appropriate rule fairly 
idly. The successive graphs in Figure 1 

»w the mean responses for the nine 

S, pairs over blocks for each group. 

ing the first block, Ss tended to 
voxduce simple averages of S; and S». 
‘roup First the effect of S; increased 
blocks while the effect of S» de- 
reascd. This is shown by an increase in 
paration of the lines and a decrease in 
eir slope. For Group Second the op- 
osite is shown in Figure 1, indicating 
‘nat the effect of Sı decreased while the 
“fect of Se increased with blocks. These 
cifects are all highly significant according 
‘o analysis of variance tests summarized 
in Table 1. Furthermore, parallelism is 
present indicating that Ss learned a linear 
rule. 

For Group Short and Group Long the 
results were quite different. While paral- 
lelism is evident on the first block for 
these groups, a diverging interaction is 
apparent on later blocks for Group Short. 


TABLE 1 
ANALYSIS OF VARIANCE RESULTS FOR PRODUCTION 
RESPONSES 
Observed F 
Source 
Group Group Group Group 
First Second | Short Long 
Sı 576.27 1** | 170.877** | 376.795** | 931.849 
S: 176.039** | 344.878** | 306.887** | 483.725** 
S1XS2 1.875 2.326 | 21.223**| 30.142** 
Blocks 1.438 1.260 T.118**|  5.812* 
Si X blocks S,355**| 5,5789*| 1.238 1.591 
S: Xblocks 7.438 | 5255**| 1.870 900 
Si XSeXblocks | 1.320 +825 2.882**| 1.689 


Note. Abbreviations: S1 is the first distance and S: is the 
second distance. 
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over blocks of trials. 


This is consistent with a configural-aver- 
aging model in which shorter distances are 
weighted more than longer. For Group 
Long a converging interaction is present, 
on later blocks, indicating that Ss learned 
a configural rule in which responses are 
biased toward the longer of the two dis- 
tances. These effects are also highly 
significant (see Table 1). 

To compare learning across all four 
groups, the mean absolute error from the 
correct distances is plotted in Figure 2 
over blocks of five trials. The two groups 
learning order-dependent rules did signifi- 
cantly worse than the groups learning 
value-dependent rules, F (1, 36) = 5.26, 
p < .05, but all groups showed a signifi- 
cant decrease in mean absolute error with 
trials (p < .01). There is a question as 
to whether Ss became more accurate in 
estimating the distances with trials. How- 
ever, when homogeneous pairs (where Si 
and S; are equal) were analyzed as a 
function of trials, no increase in mean 
absolute error was found (F < 1). 

Model analysis. The matrix of responses 
in an integration task can often be de- 
scribed by an algebraic model where the 
effects of component stimuli are a product - 
of a subjective value of the stimulus and | 
a weight reflecting its influence on the 
response (Anderson, 1974). Such a model, 
if supported, becomes a representation of 
S's concept. The concept of order-de- 
pendent weighting may be described by 
the model, 


R=ws + 0 — ws, 0Sw<si, [t] 


where R is the distance response, w is the 
order-dependent weight on the first stimu- 
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WEIGHT PARAMETERS WAND V 


REPLICATIONS 


Ficure 3. Estimated value of w for Group 
First and Group Second and value of v for Group 
Short and Group Long over blocks of trials. (Upper 
dashed horizontal line represents value of weights 
set for Group First and Group Short, and lower 

" horizontal line represents value of weights set for 
Group Second and Group Long.) 


lus, sı is the subjective value of the first 
stimulus, and s» is the subjective value of 
the second stimulus. The configural rule 
with value-dependent weighting may be 
described by the model, 


_ for + (= osa if Si <S, 
ms D —v)s1 v5 if Si> S, [2] 


— where v is the value-dependent weight on 
the shorter distance and 0 € v € 1. 
Equations 1 and 2 were fit to the ap- 
propriate groups for each block of the nine 
stimulus pairs. Weights and scale values 
were estimated using a maximum likeli- 
hood procedure (Norman, 1973). Esti- 
mated scale values tended to remain con- 
| stant over blocks and did not differ 
between groups, indicating that group 
differences were not due to changes in the 
judgment of component stimuli. 
Figure 3 shows the estimated weights 
for each group as a function of blocks. 
For Group First, w increases indicating a 
greater weight on the first distance, and 
for Group Second, w decreases indicating 
a greater weight on the second distance. 
_ For Group Short, v increases indicating 
a greater weight on the shorter distance 
and for Group Long, v decreases indicating 
a greater weight on the longer distance. 
These changes are consistent with the form 
of the data in Figure 1 and show the 
complementary nature of the data for 
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Group First and Group Sc-ond and for 


Group Short and Group |: ig. For the 
configural rules estimated w: “hts tend to 
approach their asymptotes er than for 
the linear rules, but in all s the final 
values of the estimated wei: ure almost 
the same as those set in feedback 
supplied to Ss. 

Hypothesis model. It ha in shown 
that Ss in each of the four gr »s learned 
to respond consistently wit! > appro- 
priate rule. However, the orc pendent 
rules were a little more diffi than the 
value-dependent rules. Veri sponses 
supplied by Ss on each trial light on 
the learning process. On e trial $s 
reported whether they thoug! hat “the 
rule was that the correct point <s always 
closer to the first movement, sec d move- 
ment, shorter distance, or longer stance." 

Large individual differences w noticed 
in the trial number of the last «or. The 
means for Groups First, Second ort and 
Long were 15.6, 8.4, 10.7, and 7 ©, respec- 
tively. However these differe: es were 
not statistically significant. 

Learning is assumed to procee.! in two 


stages. While Ss are trying to :liscover 
the correct rule in the presolutic » stage, 
their production responses shoul! be in- 
consistent and should not chanse with 
trials. Following solution, Ss shoud learn 
the correct weights and reduce their error 
substantially. Mean absolute error for 
heterogeneous Pairs on trials before and 
after solution is shown in Figure 4... Error 
was quite erratic during presolution trials, 
and overall there was no decrease over 
trials. However, during the first few trials 
following solution there was a sharp de- 
crease in error. This is consistent with 
a two-stage model. 

E Responding during the presolution stage 
may be viewed in terms of a hypothesis- 
testing model. It will be assumed that 
Ss operate?in one of two dimensions, 
first-second or short-long. These 7 
modes of responding correspond to hy 

potheses concerning the rule. The 55 
continue to operate within the same dimen- 
Sion until the rule is rejected. Either 
dimension is sampled randomly. The 
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“GURE 4. Mean absolute error with respect to 


the 
tive to solution. 


^» 
proportion of responses in terms of the 
order of the distances on the first trial 
} will give an index of bias in the initial 
sampling of these two hypotheses. The 
‘proportion of first or second responses 
" was .30, which is significantly less than .50, 
x? (1) = 5.62, p «.05. If Ss tend to 
operate in a particular dimension until it 
is rejected, then there should be a response 
contingency between trials. The proba- 
bility of responding with respect to order 
on trial n + 1 should be greater, given 
order was used on trial n, than the same 
probability of responding, given magnitude 
was used on trial n. This response con- 
tingency was observed for both. Groups 
‘First and Second, X? (1) = 9.39, p < .01, 
and Groups Short and Long, %? (1) = 4.85, 
p —.05. In both cases Ss tended to retain 
the same mode of responding until it was 
apparently rejected. Furthermore, the as- 
sumption of stationarity of responding in 
terms of either mode could not be rejected. 
A split-half ¢ test indicated no systematic 
change from the first to the second half 
of presolution trials for all groups com- 
bined, t (39) = 0.78, p > .20. 
Y Responses may also be scored as correct 
/ incorrect with respect to the bias on 
each particular trial with or without regard 
. to the dimension used. For example, if 
| the correct distance is always biased toward 
the shorter distance and 40-20 cm. was 
presented, S would be correct with respect 


'correct" distance as a function of trials rela- - 
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to bias if he said either "shorter" or 
“second” and incorrect if he said "longer" 
or "first." When Ss responded in terms 
of order, there was a greater proportion 
of errors in bias (.457) than when they 
responded in terms of magnitude (.175), 
x? (1) = 25.46, p < .001. This supports 
the notion that Ss have difficulty with 
responding in terms of order. 

Accuracy also depended on the size of 
the difference between S; and S. The 
proportion of errors in bias was inversely 
related to the difference between S; and So, 
X? (1) = 19.11, p <.001. For pairs dif- 
fering by 20 cm. the proportion of errors 
was .359, whereas for pairs differing by 
40 cm. the proportion was .099. 

If stimulus pairs differ in reliability and 
amount of information they provide about 
the rule, there should be a differential 
probability of learning the correct rule 
following different stimulus pair! types. 
Homogeneous items provide no informa- 
tion about the rule. Heterogeneous items 
may provide information about the bias 
of the correct point, and the greater the 
difference between Sı and S; the more 
likely S will perceive the correct bias. 
The estimated probability of no more er- 
rors following stimulus pairs differing by 
40 cm. was .173, .084 following stimulus 
pairs differing by 20 cm., and .033 fol- 
lowing homogeneous pairs. 

While a number of other statistics could 
be investigated and a formal model fit'to 
the data, it is sufficient at this point to 
have shown a significant sampling bias 
and response contingency. These two 
findings indicate that response strategies 
were employed by Ss to figure out what 
the"correct rule was and that the solution 
was contingent on the type of stimulus 
pair. Furthermore, these results indicate 
that the tendency for order-dependent 
weighting to be more difficult to learn 
than value-dependent weighting"may be 
due to an initial sampling bias and a dif- 
ficulty in using the attribute of order. 


DISCUSSION 


Rule difficulty. Overall, the difference in 
learning rate between the four groups was 
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small but indicated a superiority of groups 
learning value-dependent rules, While con- 
sistent with the results of Norman (1974), 
the present results are at odds with the 
general finding in multiple-cue learning re- 
search that learning of nonlinear functions is 
slower and less efficient than learning of linear 
functions (Hammond & Summers, 1965; 
Brehmer, 1969). However, the data on 
verbal choice of rules suggest why the linear 
rule was more difficult in the present task. 
First, the initial tendency for Ss to choose 
the value-dependent rule indicates either a 
simple preference for the short-long mode of 
responding or a difficulty in using the first- 
second mode of responding. The latter ap- 
pears more likely since Ss were told that the 
four rules were equally likely and since Ss 
tended to make more errors in relative bias 
when using the order of the stimuli than 
when using their relative magnitude, 

Second, Ss reported after the experiment 
that they had difficulty thinking in terms of 
an order bias, A typical report was that S 
first tried to determine if the Correct point 
was closer to the shorter or longer distance 
and then tried to recall if that distance had 
been first or second. It is likely that Ss 
could not always retain the necessary in- 
formation to respond in terms of order, The 
role of memory and information Processing in 
integration tasks has generally been overlooked 
but deserves greater study, 

Hypothesis testing model. Rule learning in 
the present case may be interpreted in terms 
of theoretical constructs from traditional con- 
cept attainment literature, Several concept 
identification theories have assumed that Ss 
generate or sample hypotheses and test them 
(Bower & Trabasso, 1964; Restle, 1962). 
A hypothesis is retained until disproven. 
Under the ideal conditions of no error in 
feedback, an incorrect hypothesis may be 
infirmed by one negative example. The 
present experiment and many multiple-cue 
learning studies are interesting in this regard 
because feedback for one stimulus configura- 
tion may not infirm a hypothesis even though 
it is relevant. Feedback following stimulus 
pairs differing by 20 cm. is less likely to 
infirm an incorrect hypothesis than feedback 
following stimulus pairs differing by 40 cm. 
A number of observations may be needed to 
accumulate enough confidence in the informa- 
tion to surpass a criterion for rejection of the 

hypothesis, 
Independent sampling of the four possible 
rules is unlikely in the present task since for 
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each heterogeneous pair S could 
eliminate two of the four rules 
feedback given before the choice 
Given certain “critical” stimuli the 
work through the set of logical hype 
and eliminate illogical subsets. Such 
egy has been termed hypothesis mani; 
(Levine, 1966; Restle, 1962). 

A second possibility is that Ss sam; 
test one type of rule at a time—eithe: 
dependent weighting or value-dep« 
weighting. This may be accomplish« 
indicating the bias of the correct dista: 
terms of order or in terms of magnitud 
noting whether bias is consistent in that : 
of responding. 

While both the hypothesis manipu! 
model and the rule-testing model wou 
identical at optimal levels of perform: 
the rule-testing model appears to bc 
amenable to the problems imposed b; 
reliable feedback. Furthermore, the - 
testing model is consistent with the fin g 


[: 
of a response contingency—it was more ' Í 
for Ss to use the same mode of responding} 


from trial to trial than for them to change. | 

Once the correct rule was discovered, learn- | 
ing was very rapid for all groups and appeared | 
to asymptote within a few trials (see Figure 3). | 
Rapid learning may be due to the particular 
weights chosen in this experiment. It is pos- | 
sible that Ss either assumed the correct 
weighting automatically as a normative value 
or were capable of learning the degree of 
weighting during presolution trials but were 
not able to apply it. This was tested by 
dividing Ss into fast and slow learners in 
terms of the number of presolution trials. 
These learning curves indicated that Ss who 
discovered the rule earlier also reduced the 
mean absolute error of their production re- 
Sponses to asymptote faster than Ss who took | 
longer to discover the correct rule. While 
this is not conclusive due to the confounding 
of individual differences, it runs against the 
notion that Ss learn the Proper weighting 
before the correct rule is discovered. Thus, 
it appears that interval concept learning may 
proceed in two stages—an all-or-none choice 
of weighting functions and a continuous ad- > 
justment or valuation of weights used in the 
function, 
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FURTHER EVIDENCE FOR ORGANIZATION BY MODALITY 
IN IMMEDIATE FREE RECALL * 


LARS-GÖRAN NILSSON * 
University of Uppsala, Uppsala, Sweden 


Organization by modality was studied in two experiments. In Experiment I 
mixed lists of words were presented auditorily and visually, by male and female 
voices, and by uppercase and lowercase letters. The Ss were asked for immedi- 
ate free recall after each list and were to indicate the mode of presentation for 
each word they could recall. The Ss could tag the words to the same degree 
for each of the three types of list presentation. However, the degree of organi- 
zation for modality was higher than for the other two types of variation. In 
Experiment II the Ss in three instruction conditions were presented words in 
the auditory and visual modalities orthogonally combined with two semantic 
categories, In immediate free recall Ss could organize the words by modality 
or by category, depending upon instruction. In final free recall, organization 
by category increased and organization by modality decreased. The results 


are considered as further evidence of modality-specific short-term stores. 


During the last decade the concept of 
organization has become increasingly im- 
portant in verbal learning and memory. 
Bower (1970) has written of a revolution 
in this field, ". . . and the rebels are 
marching under the banner of 'cognitive 
organization’ [ Bower, 1970, p. 18]." When 
the concept of organization has been used, 
it has mainly been in terms of semantic 
categories and, to a lesser extent, of syntax, 
form, and rhythm. 

Quite recently, however, the concept of 
organization has been used in connection 
with the problem of modality effects (Hintz- 
man, Block, & Inskeep, 1972; Murdock & 
Walker, 1969; Nilsson, 1973b). Where 
half of the words in a learning list are 
presented visually and the other half audi- 
torily, in random order, Ss tend to organize 
the words by modality not only when 
they are instructed to do so, but also in 


- the absence of such instructions (Nilsson, 


1973b). 
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Uppsala, Sweden. 


The first question to be discussed 
concerns the nature of this organization. 1 
It has been argued that organization by 
modality reflects modality-specific s} ort- 
term stores (Murdock & Walker, 1.69; 
Nilsson, 1973b). Nilsson based this a. zu- | 
ment on a comparison between organ za- i 
tion by modality and organization by voice | 
quality (i.e., organization within one mo- 
dality). It was demonstrated that organi- 
zation was possible along the dimension 
of modality but not voice quality. How- 
ever, a reasonable alternative to the hypoth- 
esis about modality-specific stores might 
be "tagging." For some reason it might 
be easier to tag the words according to 
modality than according to voice quality. 
There is no information available about 
the ability of Ss to tag these dimensions in | 
a free recall situation. The hypothesis is ' 
that if it could be demonstrated that the 
two dimensions are equally well tagged 
but differ in organization, then tagging 
could be discounted as the mechanism of 
organization by modality. Experiment I 
therefore compares the ease of tagging by 
voice quality with ease of tagging by mo- 
dality of presentation. | 

Another approach also to be taken in the 
present article to gain information about 
the organization by modality in free recall 
is a comparison between organization along | 
the modality dimension and along the di- 
mension of semantic category. Thompson | 
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Roenker (1971) demonstrated that Ss 
can increase their organization performance 
by category when several successive lists 
are presented. A similar result was ob- 
tained by Nilsson (1973b) in the case of 
organization by modality. Furthermore, 
it is commonly assumed that a higher 
degree of organization by category should 
lead to better recall. The relationship be- 


- tween the degree of organization by mo- 


dality and recall performance has not been 


E properly investigated. However, Nilsson 
- found that instructions about organization 


versus no such instructions interact with 
training when several successive lists were 
presented. "When Ss were instructed to 
organize by modality and given several 
lists, both degree of organization and 
amount recalled increased over lists. When 
Ss were not instructed to organize by mo- 
dality, no such increase in organization 
and recall was found. 

Thus, similarities between organization 
by category and modality have been shown 
in different investigations. However, since 
one possible explanation of the modality or- 
ganization seems to be modality-specific 
short-term stores, and cognitive structures 
seem to be the basis for category organiza- 
tion, it is reasonable to suppose that they 
show some differences in properties, Ex- 
periment II was therefore designed to 
compare organization by modality and 
by category, with special emphasis on pos- 
sible differences between the two types of 
organization, 


EXPERIMENT I 


L :d procedure. The Ss were presented the 
word: ^: learning list in three different ways. 


These 4i it types of presentation constitute 
three with 3 conditions, The Ss were presented 
the words in two different sensory modalities 
(Condition M), in two different voice qualities 


(Condition Q), and in two different letter types 
(Condition L.). The two sensory modalities were 
auditory and visual, the two voice qualities were 
male and female voices, and the two letter types 
were uppercase and lowercase letters, Conditions 
M, Q, and L were varied between lists. The Ss 
were given standard instructions for written free 
recall. They were further instructed that for each 
word they could recall, they were to indicate how 
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the word was presented. The Ss were given the 
lists of the different types of presentation in a 
random order, with the restriction that one third 
of the Ss were to start with Condition M, one third 
with Condition Q, and one third with Condition L, 
A further restriction was that all three conditions 
had to be given to each S before one of them could 
be presented a second time, and all three conditions. 
had to be presented twice before one of them could 
be presented a third time. 

Randomization of the words within each list was 
restricted so that no more than three words of the 
same type of presentation could come in succession. 

Both the auditory and the visual words of Condi- 
tion M were presented by means of an Eumig 
Super-8 sound film projector. The auditory words 
were presented from a sound track on the film, The 
same projector was used for visual presentation of 
the uppercase and the lowercase letters in Condition 
L as well. Presentation of the words by the male 
and female voices in Condition Q was by a tape 
recorder. Rate of presentation of the words in all 
conditions was .5 sec. per word. The recall interval 
following the final word in each list was 30 sec. A 
45-sec, interval, during which the projector or the 
tape recorder was made ready for the next list 
presentation, followed the recall interval. 

Materials. Nine lists of 12 words were con- 
structed so that the words within each list were 
apparently semantically unrelated, The words were 
disyllabic with 5-8 letters, and were selected from 
a Swedish version (Nilsson, 1973a) of the Battig and 
Montague (1969) norms, The nine lists were pre- 
pared so that they could be presented in each of the 
three conditions. 

Subjects. Thirty undergraduates at the University 
of Uppsala participated in the experiment on a vol- 
untary basis. The Ss were tested individually. 


Results and Discussion 


Dependent variables in this experiment 
were degree of tagging, degree of organiza- 
tion, and amount of learning material re- 
called. Means over three lists of each of 
these three dependent variables for the 30 
Ss in the three conditions are presented in 
Table 1. Separate analyses of variance 
for the three variables were performed. 
First, for tagging data the analysis of 
variance showed no significant differences, 
F < 1. Second, for the organization data 
an adjusted ratio of clustering (ARC) score 
suggested by Roenker, Thompson, and 
Brown (1971) was used. The analysis of 
variance revealed a significant difference, 
F (2, 58) = 412, p < .05. An a posteriori 
Tukey test showed a higher degree of orga- 
nization for Condition M than for Condi- 
tions Q and L. Third, an analysis of vari- 
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TABLE 1 


MEAN PERCENTAGE Correct TAGGING, MEAN AD- 
JUsTED RATIO or CLUSTERING (ARC) SCORE, AND 
Mean NuwBER of Worps Correctly RE- 
CALLED FOR THE THREE INSTRUCTION CON- 
DITIONS FOR MixED List PRESENTATION 


Condition % tagging ARC Recall 
Sensory modality 73 A3 4.94 
Voice quality 69 164 5.04 
Letter type 72 157 4,12 


ance showed a significant difference for the 
recall data, F (2, 58) = 8.76, p < .001. In 
tracing the source of this difference, an a 
posteriori Tukey test showed auditorily 
presented words (Condition Q) to be better 
recalled than visually presented words 
(Condition L). Condition M also differed 
from Condition L. There was no difference 
between Conditions Q and M. A comment 
relative to this modality effect (i.e., superior 
recall of auditorily presented words) might 
be in order here. Previous experiments 
(e.g., Craik, 1969; Hintzman et al., 1972; 
Murdock & Walker, 1969) have demon- 
strated the modality effect for both pure 
and mixed lists (auditory and visual pre- 
sentation in different lists and same list, 
respectively). In comparing recall of pure 
auditory and visual lists, the modality 
effect is usually found only for the recency 
part of the serial position curve. The audi- 
tory superiority can, however, be magnified 
by using short mixed lists. Murdock and 
Walker (1969) and Nilsson (1973b) found 


- the modality effect to hold for all serial 


positions. Since these patterns of the mo- 


- dality effect are by now well-established 


facts and since the results of the present 
experiment are essentially similar to the 
previous ones, the serial position curves 
are not given for the present experiment. 


- For the pure lists (Conditions Q and L) 


the modality effect is limited to the recency 
part, and for the mixed lists (Condition M) 
the auditory superiority holds true for all 


-. serial positions, although the effect is some- 


what smaller for the first positions than 
was reported by Murdock and Walker and 
Nilsson. 

Hintzman et al. (1972) reported a ten- 
dency for Ss in mixed mode conditions to 
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recall auditorily presented words early, .: 
visually presented words late, in recall. 
pointed out by these authors, this is 
what is usually meant by organiza 
although an operational definition ma; 
so. Therefore, a method based on c: 
tional probabilities was suggested to 
trol for this artifact (Hintzman et al., ! 
p. 744). The same type of analysis 
also applied to the data of the presen: 
periment, and the results confirm tha 
Hintzman et al. exactly ; i.e., organiza 
by modality was greater than could | 
been produced artifically by recalling a: 
tory words prior to visual words. 

Thus, Experiment I showed that S: 
organize the words of a mixed learning 
better when they are organized by mod: 
than by voice quality or by letter ty; 
raphy, but there appears to be no differ«: ce 
among these conditions with respec 
amount of tagging. It is therefore : 
cluded that the organization effect 
tained here (and elsewhere) is a moda it 
effect and not a result of tagging. 

It seems probable that the instructio 
the present study to recall the mod: 
presentation influenced Ss to tend to recall 
the two types of words in each list in s :pa- 
rate clusters. Supporting this conclusion 
is the fact that Ss organized to a higher | 
extent in the present experiment than Ss . 
did in an earlier study (Nilsson, 1973b) | 
where there were no instructions about | 
organization. The fact that Ss organize 
to a lesser extent on the first list presented, 
where it can be assumed that the influence 
of the tagging instruction or organization 
is minimal, also supports this conclusion. 
Organization data for the 10 Ss who were 
given Condition M first, the 10 Ss who 
were given Condition Q first, and the 10 Ss 
who were given Condition L first are .35, 
.03, and .08, respectively. These data | 
show a much higher similarity to the orga- 
nization data for the first trial presented | 
by Nilsson (1973b). It should, however, | 
be noted that this tagging instruction does 
not produce as high a degree of organiza- 
tion as directly instructing the Ss to use | 
organization (see Nilsson, 1973b). 
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“GURE 1. Mean adjusted ratio of clustering (ARC) scores based on organization by modality 
(^1) and organization by category (C) for each of the three instruction conditions through three 


‘als of each of two lists. 


EXPERIMENT II 


Experiment II was carried out to com- 
pare organization by modality and by 
semantic category, with special emphasis 
on possible differences between the two 
types of organization, since organization by 
modality is assumed to reflect modality- 
specific short-term stores, whereas organi- 
zation by semantic category is assumed to 
reflect cognitive structures. The Ss were 
randomly assigned to three different in- 
struction conditions and presented with six 
successive learning lists. 


Method. 


Materials, design, and procedure. This study used 
16-word mixed lists selected from Swedish norms 
(Nilsson, 1973a). Each list consisted of 8 words 
from each of two semantic categories (BIRDS and 
FLAVORS). Half of the words from one category 
and half of the words from the other category for 
each list were visually presented, while the other 
half of the words from the two categories for each 
list were auditorily presented. Presentation of the 
words was random in terms of category and modal- 
ity, with the restriction that no more than three 
successive words could come from the same category 
or modality. 

The basic design was 3 X 6 (split plot): The 
first factor refers to three instruction conditions and 
the second factor to six successive list presentations. 
In the first condition (M), Ss were instructed to 
organize the words by modality; in the second 


(N = no instructions.) 


condition (C), Ss were instructed to organize the 
words by category ; and in the third condition (N), 
Ss were not given any instructions about organiza- 
tion. All Ss were given standard instructions for 
written free recall and were presented with two 
different lists, for three separate trials per list. The 
six measures of lists and trials for each S constitute 
a within-Ss variable, while type of instruction is a 
between-Ss variable. 

Both the auditory and the visual words were 
presented at a rate of .5 sec. per word by means of 
an Eumig Super-8 sound film projector. The audi- 
tory words were presented from a sound track on 
the film. The recall interval following the final 
word in each list was 15 sec. A 45-sec. unfilled 
interval followed the recall interval. This procedure 
was replicated with six lists for each S. After the 
sixth unfilled interval, Ss were given 3 min. to 
freely recall as many as they could from all six 
lists (final recall). 

‘Subjects. Sixty undergraduates at the University 
of Uppsala were randomly assigned to three different 
conditions with 20 Ss in each, The Ss were tested 


individually. 


Results and Discussions 


Two dependent variables were of interest 
in this experiment: organization and recall 
performance. For organization, the ARC 
score (Roenker et al., 1971) has been used. 
The mean ARC scores for organization by 
modality and by category for the three 
different instruction conditions are shown 
in Figure 1. Two separate analyses of 
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for each of the three instruction conditions and through three trials of each of two lists. 


(M = 


variance were performed, one for organiza- 
tion by modality, and one for organization 
by category. However, the two curves of 
each condition are plotted in the same 
figure for ease of comparison of the two 
ways of organization. The analysis of vari- 
ance for the modality organization revealed 
a statistical significance for the instruction 
variable, F (2, 57) = 9.59, p < .001. 
Neither the within-Ss variable of succes- 
sive list presentation nor the interaction 
reached statistical significance. An a pos- 
teriori Tukey test revealed a significantly 
higher degree of organization by modality 
for the M condition than for the C and N 
conditions. 

As pointed out by Hintzman et al. (1972), 
Organization by modality might be an arti- 
fact of tendencies by Ss to recall auditorily 
Presented words early, and visually pre- 
sented words late, in recall. To control 
for this, the same type of analysis of out- 
put order that was used by Hintzman et al. 
Was applied to the present data. The re- 
sults were essentially the same as in Experi- 
ment I and as those of Hintzman et al., 
and therefore it is also concluded for the 
present data that organization by modality 
'annot be traced to a tendency of Ss to 
ecall auditorily words constantly prior to 
‘isual words. 


modality, C — category, N — no instructions.) 


The analysis of variance for organization 
by category showed the instruction varia. le 
to be significant, F (2, 57) = 5.33, ues. Cty 
An a posteriori Tukey test showed a «s 2- 
nificant difference between Conditions C 
and M and between Conditions C and N. 
There was no difference between Condi- 
tions M and N. 

An inspection of Figure 1 indicates that 
Ss did follow the instructions and organize 
by modality and category, respectively. 
When the instructed organization for one 
condition increased, the alternative orga- 
nization did not; for the M condition there 
was a distinct decrease of Organization by 
category. 

The results of Condition N show an 
almost stationary level of organization 
throughout the experiment, which is in line 
with the results of Nilsson (1973b). The 
Ss showed no increase in organization of 
the words of the learning list, either by 
modality or by category, 

Mean numbers of correctly recalled words 
for the three instruction conditions are 
shown in Figures 2 and 3. In Figure 2 the 
recall data are separated into those words 
that were presented auditorily and those 
that were presented visually. In Figure 3 
the data are separated according to seman- 
tic organization. There is generally better 
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recall of auditory words than visual words, 
but no difference in recall between the two 
semantic categories. 

Two analyses of variance were carried 
out: one for the data in Figure 2, and one 
for the data in Figure 3. For both the 
analyses, instruction was a between-Ss 
variable, and the six list presentations were 
a within-Ss variable. For the data in 
Figure 2 modality was a within-Ss varia- 
ble, while semantic category was a within- 
Ss variable for the data in Figure 3. 

With regard to the modality distinction 
in Figure 2, it was found that auditorily 
presented words were better recalled than 
visually presented words, F (1, 57) = 98.44, 
b < .001. For the semantic category dis- 
tinction in Figure 3, no statistically sig- 
nificant difference was found, F < 1. For 
the Jata in both Figure 2 and Figure 3, 


the insiruction variable was found to be 
statisti: significant, F (2, 57) = 3.41, 
P < .05, and F (2, 57) = 3.18, p < .05, 
respectively A posteriori Tukey tests 
showed that ‘here was a higher level of 
recall for the © condition than for the other 
conditions (^! and N) for both sets of data. 


This similarity is, however, not surprising 
since in fact it is the same original data 
that are analyzed in two different ways 
(modality and semantic category in Figures 
2and 3, respectively). As the total amount 


(M = modality, 


of recall is the same for corresponding in- 
struction conditions in the two sets of data, 
and the two different data analyses influ- 
ence only the variance, the results should 
be the same for the two sets of data. How- 
ever, it does appear as if organization by 
semantic category and recall are related, 
since instruction about organization by se- 
mantic category (Condition C) yielded a 
higher level of recall than the other two 
instruction conditions (M and N) did. 

The analysis of variance for the data in 
Figure 2 also revealed a significant Modal- 
ity X Instruction interaction, F (2, 57) = 
5.31, p. < .01; and again a subsequent a 
posteriori Tukey test was used to trace 
the source of the difference. The largest 
modality effect (i.e., auditory superiority) 
appeared when Ss were instructed to orga- 
nize the words of the learning list by 
category rather than by modality. This 
result at first glance might appear at odds 
with the intention behind the assumption 
of separate auditory and visual short-term 
stores as suggested by Murdock and Walker 
(1969) and Nilsson (1973b). However, 
when concentrating on the semantic di- 
chotomy, it is postulated on a post hoc 
basis that Ss mainly use their auditory 
store. It is assumed that Ss can make 
effective use of the auditory store when 
they are given the extra task of organizing 
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the words by category, since this store has 
a higher capacity. When Ss are instructed 
to organize the words by modality (Condi- 
tion M), it seems reasonable to assume that 
they spread their limited short-term mem- 
ory capacity over both auditory and visual 
stores. When no specific instructions about 
organization are given (Condition N), the 
Ss are also spreading the capacity of both 
auditory and visual stores in a manner 
similar to Condition M. In both these 
two conditions and in Condition C the 
level of recall of visually presented words 
is approximately the same, while there is 
a considerable variation in recall of audi- 
torily presented words, i.e., a higher amount 
of recall for Condition C in comparison to 
= the other two conditions. 
A corresponding Category X Instruction 
. interaction was not found for the data in 
Figure 3. 

For both data sets the within-Ss variable 
- of successive list presentations was also 
- found to be significant, F (5, 285) = 28.01, 
~ p <.001,and F (5, 285) = 13.55, p < .001, 

for the data in Figures 2 and 3, respec- 
| tively. Inspection of the data in these 
f figures reveals that all the recall curves 
- increase from the first trial on the first list 
- to the last trial on the second list, and it 

can be concluded that there is an increase 
in level of recall over successive lists. 
- Only one of the interactions with this 
- within-Ss variable reached statistical sig- 
j nificance at the 5% level. A significant 
difference was found for its interaction 
— with the instruction variable for the Figure 
T2 data, F (10, 285) = 2.28, p < .05. In- 

spection of the data indicates that this 
— development over lists and trials might be 
"greatest for the C condition. However, 
į for a more sensitive analysis of these dif- 
ferences, trend analyses were carried out. 
- Since the results were about the same for 
- the two different learning lists in each con- 
- dition, the data were collapsed over lists. 
- The data were also collapsed over modality 
- and category, since these two variables did 
. not interact with the within-Ss variable 
_ of successive list presentations. The trend 
- analysis on the data so obtained revealed 
significant linear trends, F (1, 57) = 14.18, 
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b < .001, F (1, 57) = 45.16, p < .01, 
and F (1, 57) = 5.90, p < .05, for Condi- 
tions M, C, and N, respectively. 1t can 
thus be concluded that there is an increas- 
ing number of correctly recalled words as 
a function of trials, independent of the in- 
structions given to Ss. 

In order to make the comparisons >c- 
tween recall and organization, either :c- 
cording to modality or category, that wire 
mentioned in the introductory section, 
trend analysis was also performed on the 
organizational data, which were collapsed 
over lists. No significant trends were « )- 
tained for the organizational data in (ce 
three conditions (Fs < 1). Thus, the 
learning-to-learn effect, demonstrated | y 
Thompson and Roenker (1971) with i:- 
spect to organization by category, and |y 
Nilsson (1973b) with respect to organi: 
tion by modality, was not obtained in t. 
present experiment, where these two typos 
of organization were manipulated in the 
same experiment. The reason for this ro- 
sult seems to be that providing possibilit:.s 
for two types of organization caused high.r 
intra- and interindividual variances over 
the six list presentations than if organiza- 
tion by category and by modality had been 
manipulated separately. It should be 
noted, however, that the development of 
organization was in the expected direction, 
although not statistically significant. 

The results of modality and category o:- 
ganization in final recall are shown in 
Figure 4 together with the means of the 
ARC scores of immediate recall of the six 
successive learning lists. A very distinct 
effect is demonstrated: namely, the fairly 
high degree of organization by modality in 
immediate recall has decreased to almost 
zero ARC scores in final recall. A one- 
factor analysis of variance for these final 
recall data shows no significant difference 
among the three instructional conditions, 
F«1. 

Accompanying the decrease in organiza- 
tion by modality in all three conditions is 
à very distinct increase in organization by 
category in final recall. In Condition C, 
where Ss were instructed to organize by 
category, the ARC scores reached their 
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Mean ARC score 
PS 


Mean ARC score 


instructions.) 


highest value. A one-factor analysis of 
variance revealed a significant difference 
between the instruction conditions, F (2, 38) 
= 445, p < .05. Ana posteriori Tukey 
test indicated that Condition C yielded a 
higher degree of organization than both 
the M and N conditions. The main feature 
of these data is the relative importance of 
the two ways of organizing the words in 
immediate and final free recall for the three 
conditions. Organization by modality is 
far more important in immediate than in 
final recall, while organization by category 
is far more important in final recall than 
in immediate recall. 

The superiority of auditory words over 
visual words found in immediate recall is 
also found in final recall. These data are 

hown in Table 2. A 2 X 3 analysis of 
V ce revealed superior recall of auditory 
w F (1, 57) = 26.04, p < .001. The 
ins in variable was also significant, F 
i2. 5 9,63, p < .001. Ana posteriori 
Tukey test demonstrated a significantly 
higher recall for Condition C. 

Table 2 also presents the final recall 
data as based on a separation by semantic 
. category. An analysis of variance revealed, 
- as expected, no difference between the two 
- semantic categories. 

— No experiment to date has shown any 
auditory superiority in secondary memory 
(or long-term memory). The auditory su- 
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Ficure 4. Mean adjusted ratio of clustering (ARC) scores for immediate 
(1) and final (F) free recall based on organization by modality (M) and organi- 
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periority has, however, not been tested in - 
final recall before. The final recall data of 
the present experiment are supposed to 
reflect secondary memory; and as there is | 
an auditory superiority in final recall, some 

explanation must be offered. In immediate - 
recall Ss recall more auditorily than visually: 
presented words, For each of the two lists 
and the three trials, Ss recall the words by 
writing them on answer sheets, thereby 
providing a further presentation of these 
words. It is therefore to be expected that 
the proportion of auditory and visual words - 
should be about the same in final recall as | 
in immediate recall, Darley and Murdock 
(1971) have demonstrated that lists that 
have been initially freely recalled show a 
higher final recall than lists that have not | 
been initially recalled, which is support for 
the above explanation. Furthermore, if 
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TABLE 2 


Mean Correct FINAL RECALL OF AUDITORILY AND 

VISUALLY PRESENTED WORDS AND WORDS FROM - 

THE Two SEMANTIC CATEGORIES FOR THE 
THREE INSTRUCTION CONDITIONS 


Modality 


Category 
Instruction | _ Es 
Auditory Visual Birds Flavors 
Modality 7.80 6.40 7,20 7.00 
Category | 9.65 845 9.00 9.10 
None 7.65 6.20 6.85 7.00 
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there had been a decrease in recall of the 
auditory words, so that visual and auditory 
words were recalled to about the same 
degree in final recall, it would be very 
difficult to support the commonly held 
opinion of a greater capacity of an auditory 
store. Thus, the obtained final recall re- 
sult should be considered as an effect of 
the ''extra" presentation and not as a 
modality effect per se. 

A comment about the fairly high level 
of recall might be in order here. During 
the presentation of two different lists for 
three trials each, it seems very likely (cf. 
Stones, 1973, p. 226) that Ss became in- 
creasingly aware of the two semantic cate- 
gories. However, it seems reasonable to 
limit the importance of this awareness in 
immediate recall for, for example, a memory 
search, since the recall interval should be 
insufficient for such a search. In final 

. recall, however, Ss have time to search 
. memory for words from these two semantic 
categories. It might be argued that these 
categories can function as some kind of 
conceptual retrieval cues in final recall. 
The significant instruction variable in final 
recall supports this explanation, since a 
higher recall was demonstrated for Condi- 
tion C, where it can be assumed that such 
retrieval cues are strongest since Ss were 
in&dally instructed to organize the words 

- by category. 


GENERAL DISCUSSION 


The findings of the present investigation 
provide unequivocal evidence for organization 
_ by modality in immediate free recall. It has 
been demonstrated that Ss can organize the 
words of a mixed learning list according to 
modality, and it is concluded that this 'organi- 
zation cannot be traced to tagging of the words 
by modality. The Ss organized by modality 
to a greater extent than by voice quality or 
letter typography, but tagged the words by 
modality, by voice quality, and by letter 
typography to about the same extent. Thus 
there are reasons to believe that the organiza- 
tional data obtained here, and by Murdock 
and Walker (1969), by Hintzman et al. (1972), 
and by Nilsson (1973b), reflect modality- 
specific short-term stores, 
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Another finding that support 
hypothesis is the difference betwee: 


o-store 
:aniza- 


tion by modality and organizatio: nantic 
category. In the second experim t was 
demonstrated for immediate free rec hat Ss 
could organize the words in the list | lality. 
or by category, depending on in tions, 
When Ss were not given any speci truc- 
tion about organization, the degre: gani- 
zation by modality and by category both 
inferior to the corresponding conditi here 
such instructions were given. For free 
recall, however, it was demonstrated t rga- 
nization by modality decreased to cha vel, 
while the level of organization by intic 
category increased in all three conditi: 

These results rule out an alternative cò lana- 
tion of organization by modality, namel», that 
modality of input is a coded dimen n of 
permanent memory. If this were truc ‘hen 
it is not clear why the modality organ: tion 
would drop to chance level in final fre: all, 

A third aspect of the data that suppo: the 
two-store hypothesis is the fact that tht | :ga- 
nization by modality cannot be explai: by 
preferences to output auditorily pre ted 
words early, and visually presented word: ate, 
in recall. 

In considering the recall performance, i: was 
found that Ss who werejinstructed to org. ize 
the words by category showed the hi, nest 
recall performance. In this respect it seei:is as 
if organization by category and recall are 
related, while organization by modality and 


recall are not. The common finding that 
auditory words are better recalled than visual 
words was also obtained. This effect was 
greatest when Ss were instructed to organize 
by category. A possible reason for this is that 
Ss who are instructed to organize the words 
by modality seek to optimize the utilization of 
the hypothetical auditory and visual stores. 
A corresponding difference in recall between 
the two semantic categories was not found. 

The development of the organization and re- 
call performance over successive list presenta- 
tions might also be taken as a basis for compar- 
ing organization by modality and organization 
by category. However, no difference between 
modality and category could be found, since all 
three conditions showed significant linear 
trends in terms of recall, while none of the con- 
ditions showed any corresponding trends with 
respect to organizational performance. 

In conclusion, then, a hypothesis about mo- 
dality-specific short-term stores (Murdock & 
Walker, 1969; Nilsson, 1973b) seems to be the 
most parsimonious explanation of the present 
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ug, or by preference to recall auditorily 
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vr by any cognitive structures that are 
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PROBING INFORMATION FROM BRIEFLY PRESENTED A!’ 


information from briefly presented arrays of letters. 


ments used a spatial single-item 


ments investigated the use 


reaction time was the dependent measure. 
through brief arrays of letters proceed: 
as evidenced by an increase in reaction time 
in reaction time for the negative responses. 


a precategorical analysis of the visual information. 


The extraction of information from the 
icon and its encoding into short-term mem- 
ory has been studied by a variety of 
techniques. Two of the. most popular 
have been the partial report paradigm and 


\YS? 
LESTER A. LEFTON * 
University of South Carolina 
Five probe experiments were conducted to investigate the extraction of 
The first two experi- 
bar marker procedure. The results show a 
W-shape function of accuracy with stimulus position. The last three experi- 
of a single item probe in which Ss must examine 
each item in the array to indicate the presence or absence of a critical target ; 
The results show that search 
s item by item and from left to right 
from left to right and an increase 
A small order of approximation | 
effect is exhibited in all experiments; this effect is attributed to guessing and 
group of studies is the one repor: ' by 
Averbach and Coriell (1961) who pre: ted 
a horizontal array of letters and asl l Ss 
to indicate the item specified by | bar 
marker. This technique has generall; een 
assumed to examine iconic storage. The 


the same-different paradigm. The present 
investigation reports five experiments which 
attempt to assess the nature of the en- 
coding of information using both of these 
techniques. 

Partial report techniques generally re- 
quire that Ss report part of a large array 
.of visual information. Typical of this 
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same-different task has been used : 


amine different levels of processing. In 
this paradigm Ss are asked to respond vith 
a reaction time (RT) measure as to wh ther 
two letters that are presented are the ame 
two letters or two different letters. Soth 
the nature of the stimulus material an: the 
type of instructions affect Ss’ perform ince 


(Posner, 1969). 

Mewhort, Merikle, and Bryden (1969) 
have recently performed experiments pro- 
viding evidence for an effect which they 
call scanning. Scanning is a left-to-right 
sequential process that proceeds faster for 
familiar sequences of letters than for un- 
familiar sequences. They argue that the 
sequential constraints of English combined 
with a left-to-right sequential processing 
mechanism create a familiarity effect. 
Mewhort et al. found that accuracy in à 
free-recall procedure decreases from left to 
right. Further, the difference in accuracy 
for familiar compared with unfamiliar ma- 
terial was greater on the right-hand side 
of the display than on the left. It is this 
interaction. that supports a familiarity 
effect in the transfer of information from 
the icon to some subsequent representation. 

Using a partial report task, Merikle; 
Lowe, and Coltheart (1971) have found 
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an effec’ of the familiarity of their stimuli. 
In adc: ion, they found, like others (Haber 
& Siding, 1969; Smith & Ramunas, 
1971). ‘nat accuracy was greatest at the 
ends 3 in the middle of the display. The 
data ^om their study were interpreted to 
sugec: that Ss process arrays from the 
ends the array to the middle. They, 
there ore, argue that a directional scanning 
hypo ‘iesis (Mewhort et al., 1969) is not 
requ/^d to create a familiarity effect. This 
inte: sretation has recently been challenged 
by vhort and Cornett (1972). 

present experiments use two types 
of probe techniques to study accuracy of 
leti recognition when a full report is not 
req. ved. The first two experiments use a 
spatial bar marker design with stimulus 


m: rial varying in familiarity. These ex- 
pe, sents were carried out as a partial 
replication. and because there are some 
questionable methodological points in the 
siudy by Merikle et al. (1971). For ex- 
ample, in that study it is unclear where in 
the processing sequence the bar marker 
was acting. The stimulus letters were 
presented for 150 msec. The target letters 
were then followed by a mask with a 
single-item probe drawn on the masking 
card. With a 150-msec. stimulus it is un- 
likely that the mask had any significant 
effect on limiting the processing time. In 
addition, a single-item probe requires a 
finite amount of time to be processed. For 
these reasons alone it is unlikely that the 
probe in their experiment was available to 
Ss soon enough for them to use it to sample 
the content of their iconic memory. There- 
fore the W-shape function of accuracy that 
was obtained may have been a function of 
the sampling of short-term memory. How- 
ever, it is unlikely that a visual spatial probe 
can examine short-term memory. Experi- 
ments I and II therefore repeat their ex- 
periments with appropriate changes in de- 
sign. Experiments IL, IV, and V use a 
same-different task in combination with 
visual search procedures. In these experi- 
ments Ss are given the identity of a critical 
item and asked to indicate whether the 
item is in the array or not; RT is used as 


the dependent variable. 
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Both the probe experiment and the same- 
different task require that Ss make decisions. 
The level of processing at which these 
decisions are made is different, however. 
Partial report studies (Experiments I and 
II) examine the icon; same-different judg- 
ments may be made at the icon or at some 
subsequent representation. Whatever the 
level of processing, the extent of the famil- 
iarity of the stimuli may affect the results, — 
and in addition, familiarity differences: 
might provide evidence in support of 
a specific processing model or locus of 
processing. 

In each of the five experiments famil- 
iarity was manipulated by using first- and 
fourth-order approximations to English as 
stimuli. Item by item left-to-right search 
behavior would be supported by high ac- 
curacy or short RT on the left side of the 
display with decreasing accuracy or in- 
creased RT on the right side, Evidence 
for scanning due to familiarity as defined 
by Mewhort et al. (1969) would be shown 
by an interaction of the level of familiarity |." 
with the spatial position of the letters—an 
increasing difference in accuracy or RT be- 
tween familiar and unfamiliar arrays from 
the left to the right side of the display. 


GENERAL METHOD 


Subjects. All Ss were undergraduate students at — 
the University of Rochester and were paid volun- 
teers. All Ss had normal or corrected vision. The 
Ss were assigned in a random order to the different - 
experiments. There were 14 Ss in Experiment I, 
28 in Experiment II, 14 each in Experiments IIT 
and IV, and 18 Ss in Experiment V. 

Stimuli. The stimuli were first- and fourth-order 
approximations to English chosen from the lists 
provided by Hirata and Bryden (1971). Fifty-six 
sequences of each order of approximation were pre: 
pared. Each sequence was seven letters long and 
contained no repetition of letters. The stimuli were” - 
prepared with black transfer letters (Letraset 
Letters, Futura Bold, No. 108, capitals) placed on 
white stimulus cards. The array of letters presented 
along the horizontal meridian at a distance of 85 cm. 
subtended 3.5? horizontally by .35° vertically. A 
fixation point was provided in the center of one 
field and was always positioned just below the — 
middle item of the array. 

Procedure. Upon introduction to the laboratory 
Ss were given 5 min. of adaptation to the ambient 
room illumination. During this time Ss were told 
about the operation of the tachistoscope and the - 
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letters reported correctly is presented as a function 
of the position in the stimulus sequence. (The 
parameter on the curves is the order of approxima- 
tion of the stimulus sequence. Position 4 represents 
fixation. Each data point represents the mean of 
: 84 observations.) 


nature of the stimuli, The Ss were told that the 

. letters presented were computer-generated strings 
of letters that might sometimes look like words or 
words that were spelled wrong. They were told 
that the stimuli were not words nor were they meant 
to be words and that they would do best if they 
fixated on the dot provided for them in the center 
of one field of a Gerbrands tachistoscope (Model 
T-3B-1C). The background luminance of the fields 
was equated at about 2 mL., and there were never 
any dark intervals; if an interstimulus interval was 
used, it was always the light fixation field. There 
was complete counterbalancing of stimuli and con- 
ditions across Ss. 


EXPERIMENT | 


In Experiment I the stimuli appeared 
and were then followed by a bar marker 
either above or below one of the seven 
letters. The S’s task was to identify that 
item indicated by the marker. In Experi- 
ment II, the major manipulation involved 
a delay of the probe. These experiments 
should assess, in part, whether probe tasks 
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can provide evidence for a familiar: effect 
and if the effects obtained can be ated 
with sequential scanning. 

Method 

Stimuli. A bar marker appeared eith: "ve or 
below the stimulus sequence. This mar! is the 
lowercase letter “l” from the Letraset Let (No. 
108). It subtended .35° vertically and hori- 
zontally and was placed .20° either abov »elow. 
the stimulus sequences depending on tiv peri- 
mental trial. 

Procedure. The stimulus sequence was tion, 
target letters, 30-msec. delay, and bar mar! The 
target letters and the cue were exposed for nsec. 
The 30-msec. delay was introduced betw the 
display and the bar marker because pilot da: . indi- 
cated possible ceiling effects. There were even 
positions in the stimulus and two orders of a. | roxi- 
mation making a total of 14 experimenta! ondi- 
tions. A block of experimental trials consist: of a 
random ordering of these 14 conditions. 

The 14 Ss were divided into two groups. The 
first group consisted of 7 Ss who were present | the 
stimuli with the bar marker just above the seq: «ces 
for the first three blocks of trials. In the rem. ning 
three blocks of trials, the cue appeared just | low 
the stimulus sequence. The second group Ss 
received the reverse order of cue placement. ! fore 
each group of experimental trials (cue abc or 
below the sequences), there were 10 practice -vials 
with bar markers which were not included in lata 
analysis. 

Results and Discussion 

The mean accuracy for each S was com- 
puted for each experimental condition and 
entered into an analysis of variance. As 


is clear from Figure 1, fourth-order ap- 
proximations werereported more accurately 
than first-order approximations by 1196 
overall, F (1, 13) = 19.9, p < .001, and 
accuracy across the seven positions was 
not the same, F (6, 78) = 8.9, p « .001. 
The differences between the two familiarity 
levels was not the same over all positions; 
this was supported by a significant Famil- 
iarity X Letter Position interaction, F 
(6, 78) = 5.3, p < .001. There were no 
other significant effects. 

In an attempt to examine any left-right 
asymmetries in accuracy, the mean ac- 
curacy for Positions 1, 2, and 3 and Posi 
tions 5, 6, and 7 was computed for each 5. 
This accuracy score was then entered into 
an analysis of variance showing a left-side 
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superior::y;. F (1, 13) = 4.5, p = .05, and 
an effec: due to familiarity, F (1, 13) = 

| 21.6, < .001. This left-side superiority 
was no. ©! equal strength for both orders 
of app: mation as evidenced by a Famil- 
iarity ^ Left-Right Accuracy interaction, 
F-(1,i:) = 11.0, «5:005: 

Th: nificant interaction of Left-Right 
Accu: x Familiarity shows that the 
left-si-- superiority was stronger for fourth- 
order -»proximations than for first-order 
appr ations. Most of this effect is 
prob attributable to the effects at 
Posit:;: 6. Although Merikle et al. (1971) 
found . ifferences between familiarity levels, 
neit! they nor Smith and Ramunas 
(197). or Haber and Standing (1969) re- 
porte a ‘left-side superiority. Further- 
mor’ the interaction of Familiarity X 
Let‘: Position does not support the serial 


ing mechanism as described by Mew- 
et al. (1969). 

is possible that the results of this ex- 
per;nent are unique to a 30-msec. delay 
of che single-item probe. Experiment II 
was designed to examine the effects of 
delaying a single-item bar marker. The 
experiment thus serves as a partial replica- 
tion of Experiment I and examines possible 
differences due to the temporal character- 
istics of the single-item spatial probe task. 


sca! 
ho: 


EXPERIMENT II 
Method 


Procedure and design. Since Experiment I showed 
no effects due to whether the probe appeared above 
or below the stimulus, a single item bar marker 
always appeared just below the letters. The 50- 
msec. probe was presented at the termination of the 
50-msec. stimulus array (0 interstimulus interval) 
or delayed 30, 120, or 480 msec. There were two 
orders of approximation, four delays of the probe, 
and seven letter positions. The 56 experimental 
conditions were arranged in two blocks of trials, 
which were then replicated with different stimuli. 


Results 


A similar analysis to Experiment I was 
performed. There were effects due to the 
familiarity of the stimulus sequence, with 
accuracy of the fourth-order strings 9% 
greater than first-order strings, F (1, 27) 
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TABLE 1 
ERROR MATRIX FOR EXPERIMENT IT 
TE Position of item reported 
i epp Omis- | Intru 
malae als dely sions | sions 
Fourth-order approximations 
1 eed) Sid) 504° 1 7 0 
2 |40|—|22| 7| 4| 4| 0 1 1 
3 2|27|—]|16| 6| 1| 4 3 3 
4 0} 3|21|—/|18| 2| 0 yi i 
5 2|11| 3/50|—| 4| 1 8 0 
6 0| 5| 5| 6127|—|37 7 1 
7 2:50:54: 5:1: 81 f FS GS 1 
First-order approximations 

1 — ALSO Ss] do E 48: 3 
2 36|—]|35|11|10| 7| 7| 20 4 
3 6|-41|—]33}11] 8| 1| 16 4 
4 2|10|]18| —|14| 5| 1 9 0 
S 2| 7|11|38|— |12| 5 5 4 
6 7| 2) 5|15/48)—] 31) 15 3 
7 5| 2] 0} 4] 0] 9)—] 22 6 


Note. Entries are frequency of errors. The inversion matrix , 
indicates where in the display the inversion is from. Frequencies 
are summed over the four delay intervals. 


= 254, p < .001. The different letter 
positions, F (6, 162) = 27.5, p < .001, and 
an interaction of Familiarity X Letter Posi- 
tion, F (6, 162) = 5.5, p < .001, were also 
significant. The major manipulation in 
this experiment, delaying the probe, brought 
about a general decrease in accuracy, P 
(3, 81) = 31.7, p < .001. However, there 
were no significant interactions involving 
the delay of the probe. These data are 
presented in Figure 2. Unlike Experiment 
I, an asymmetry analysis showed that there 
was no significant main effect due to 
left-right accuracy (F < 1). However, 
like Experiment I, a significant Left-Right 
Accuracy X Familiarity interaction was 
evidenced, F (1, 27) = 7.6, p < .01, with 
the difference in accuracy for the orders 
of approximation greater on the left than 
on the right. 

Experiment II provided many more data 
than Experiment I, and thus an analysis 
was performed to examine the nature of 
the errors made. As is shown in Table 1, 


_when errors were made 13% were omis- _ 


sions, in which Ss failed to respond. Only 
3% of the errors were due to Ss reporting 


100 


60 


40 


20 


Correct 


80 


Percent 


60 


40 


20 


1528.:5:035 455,56 pa! A 
Letter 


FiGURE 2, The mean percentage of letters reported correctly is presented as a function of t! 


position in the stimulus array. 


(Panels a through d represent the four interstimulus intervals | 
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30, 120, and 480 msec., respectively. The parameter on the curves is the order of approximatio:: 
of the sequences. Each data point represents 56 observations.) 


an item that was not in the array. The 
remaining 84% of the errors were due to 
inversions. That is, Ss reported an item 
from the array other than the indicated 
one. When inversions were made, 68% 
were from items immediately adjacent to 
the item indicated. 


Discussion 


"The results of these two studies corroborate 
the existence of a difference due to familiarity 
as found in other studies (e.g., Merikle et al., 
1971) and the effect of the delay of a probe 
(Averbach & Coriell, 1961). However, the 
difference in accuracy due to familiarity was 
considerably smaller than in free-recall studies. 
Familiar sequences were recalled 1195 and 
9% more accurately in Experiments I and II, 
respectively. Mewhort (1970) has shown that 


the difference in recall from different orders of 
approximation can in part be due to guessing 
on the part of Ss. He showed that when $5 
were presented with arrays of either first- of 
fourth-order approximations and had to guess 
one of the items that was missing, the differ- 
ence in recall due to guessing was 12%. Since 
the entire effect of familiarity in Experi 
ments I and II was only an 11% and 9% in 
crease in accuracy for fourth-order approxi: 
mations, most, if not all, of this obtained effec! 
could be accounted for by Ss using contextua 
information and by guessing. In the study 
reported by Merikle et al, the difference if 
performance between first- and second-ordel 
sequences was no more than 4%; the percent 
age based on guessing alone, according t 
Mewhort, would be 6%. Therefore, the sig 
nificant effects of order of approximation 
found in the study by Merikle et al. and in tht 


periments are in large part, if not 


present 
unted for by the ability of Ss to 


totally, 2 


use the context of the letter array to predict 
the item to be recalled. 
The pattern of errors reveals important 


of the processing. Most of the 
de were due to inversions from the 
s of the array. The Ss have diffi- 
iding the information conveyed by 
bar marker and thus report the 
tem when the probe is presented. This 


wrong 

result is fully consistent with the arguments 
put forth by Lowe (1972). Lowe found that 
Ss cc tently report the wrong position in a 
task ihat asked Ss to make a judgment about 
the !ocation of the probe. 


- present data are similar to those of 
ice et al, (1971), yet the interpretation of 
sults is vastly different. The present 
combined with those of Lowe (1972), 
t that partial report procedures with a 
item spatial bar marker must be care- 


I 


fully interpreted. For example, the present 
experiments showed a Familiarity X Letter 
Position interaction, with the difference in 


cy between orders of approximation 
casing from the left to the right side of the 
y. This interaction is in the opposite 
direction from that predicted by a scanning 
model (Mewhort et al., 1969). The small size 
of the effect of order of approximation after 
accounting for guessing combined with the 
great number of errors in holding the spatial 
position of the marker suggests that the inter- 
action found is perhaps spurious, and certainly 
not very critical. 

These experiments provide evidence to sug- 
gest that there is a small but reliable effect of 
familiarity of the stimuli. Although the effect 
can be attributed to guessing, and although 
its size is small, it does not vitiate the effect 
of familiarity but rather suggests that Ss use 
the contextual information whenever it is pro- 
vided. This conclusion has been supported in 
other studies (Lefton, 1973; Lefton, Spragins, 
| & Byrnes, 1973; Mewhort, 1970). 

Since a single-item bar marker design is 
suspect to several methodological problems, a 
1 different kind of probe task was sought which 
| might examine familiarity of stimuli and the 
| mature of encoding behavior. In Experiments 
] III through V, Ss were asked to search through 
a briefly presented array of letters. The de- 
| pendent variable in these studies is RT. It 

was hypothesized that if Ss search the arrays 
| from left to right then the RT for an item to 
the right of fixation should be longer than RT 


< 


| 
| 
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to theleft. In addition, if scanning, as defined 
by Mewhort et al. (1969), is involved in this 
search task, there should be a significant inter- 
action of Familiarity X Letter Position. 
Familiarity was assessed through the use of 
first- compared with fourth-order approxima- 
tions. The S's task in Experiment III was, 
therefore, to indicate whether a critical item 
was contained in a briefly presented visual 
array. 

It should be noted that the task require- 
ments of the following experiments are some- 
what different than those of the partial report 
probe task. In the partial report probe task 
Ss need only process one item, although they 
probably process more than one. In the 
following experiments Ss are required logically 
to proceed through a number of items until 
they find the critical target. Although the 
task requirements are very different, the level 
of processing at which the tasks take place is 
still before short-term memory, thus, at the 
initial stages of processing. This is important 
because it allows an assessment of the effects 
of familiarity of stimulus material before com- 
plex organizational processes can take place. 


EXPERIMENT III 
Method 


Before each trial E verbally indicated a critical 
letter to Ss. The Ss then initiated a trial in which 
the stimulus array would appear for 100 msec. The 
S's task was to indicate whether the critical item 
was in the stimulus sequence. The Ss were provided 
with two buttons (Honeywell Microswitches No. 
BZ-2RQ66) each 3.12 cm. from the start switch. 
One button was to be depressed if the critical item 
was in the display, the other if it was not. The RT 
measure (Hunter KlocKounter, Model 120A, Series 
D) was taken from the initiation of the stimulus. 

On half of the trials Ss were told a letter that 
would appear in the array. The critical item on 
negative instances was chosen from a list of first- 
order approximations. The Ss were given 14 
practice trials before the e&periment began. They 
used their preferred hand and pressed the start 
switch and either the yes or no button with their 
index finger. Half of the Ss pressed the right. 
button as a positive response, half the left button, 
The Ss were encouraged to respond as rapidly as 
possible keeping in mind that they should make as 
few errors as possible, if any. 

There were two orders of approximation and seven 
letter positions to be examined. Thus, there were 
14 positive instances, plus an additional 14 negative 
instances. These 28 experimental conditions were 
arranged in a random order and then replicated with 
different stimuli seven times, each replication in a 
random order. There were 112 sequences of letters 
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TABLE 2 
FREQUENCY OF ERRORS FOR REACTION TIME EXPERIMENTS 
Stimulus position 
Experiment. Familiar Unfamiliar 
JC un 3 4 5 6 7 N 1 2 3 4 5 | 6 N 
HI 5. |10 » 1[12|209| 5 53| 4 |11 |11 | 8 19 | 12 48 
Ion sical match | 5^ | 4 5 5 S- ESI SOLI BIN dt 4/6 7 | 14 111 
Name match 5/12 Spi 4/10 | 9 84| 7 8 9|7 14 | 10 98 
y length 
ney lengt 0. ps ; | | 1 
49) 68) 3 1 4 2» | 
3 2 3 4j 4 6 36| 6| 4 2 |.3* 8 | 32 
' i 2|$]|15|0|2|7|2]|90| t |15 | 4|3 | 5| 14| 90 
: a eet EET Vx RUE estes the mean reaction time for the correct responses. 
used, each sequence presented twice during a session. order approximation, F (1, 13) = 0.4, 
In all the present A Hu if DG este p < .01. Each position was not respo ded 
positive instance the first time it was tested, i T 
appeared as a negative instance the second time. tO equally fast, F (6, 78) Um 7.0, p < 01, 
- Each S contributed eight RT measures for each of and there was no interaction of Famil; ity 
the 14 positive instances and 56 measures for the X Letter Position. An examinatio of 
M cccsveinstences Figure 3 suggests that the left side o: ‘he 
j display was searched faster than the r ht. 
Results However, the asymmetry analysis sho «ed 
only marginally significant effects, F (1. !2) 


— For the positive instances Ss made 10% 
and 8% errors for first- and fourth-order 
" approximations, respectively. For the neg- 
- ative instances, they represented 6% of the 
data for both levels of familiarity. An 
- analysis of variance performed on the fre- 
quency of errors showed no significant 
- effects due to order of approximation. Al- 
though more errors were made on the 
right-hand side of the array than on the 
left, F (6, 78) = 3.1, p < .01, there was 
no interaction of Familiarity X Letter 
- Position with respect to frequency of errors. 
The distribution of the frequency of errors 
is presented in Table 2. 
Means were computed for each S$ for 
each experimental condition for the correct 
positive instances, and these were entered 
into an analysis of variance. The Ss were 
not faster when pushing the left button for 
a positive instance than when pushing the 
right button. The RT to find a letter in 
a fourth-order approximation was about 
24 msec. less than to find one in a first- 


> 


= 3.7, p = .07. The mean RT to indi. ate 
that an item was not in the display vas 
815 and 814 msec. for the first- and fou: th- 
order approximations, respectively—a ron- 
significant difference (F < 1). 


Discussion 


This experiment logically requires that 5s 
search through a briefly presented array of 
visual information. It was hypothesized that 
Ss would compare the critical item on each 
trial with the items in the stimulus array as 
they were processed and that this comparison 
would be one which might proceed from left to 
right, item by item. 

A small order of approximation effect was 
exhibited. The increase in RT from the left to 
the right also suggests an item by item left-to- 
right search mechanism. However, it could be 
argued that the left-right asymmetry that 
does exist in these data is not only a function 
of an item by item search mechanism but 
also of memory search behavior (Sternberg, 
1969). Items that were arranged spatially 


PROBING INFORMATION FROM BRIEFLY PRESENTED DISPLAYS 


right might have been converted 
oral information in which the left- 
: becomes Item 1 in memory, the 
most item becomes Item 2 in memory, 

'th. An alternative explanation is 


that Ss could be generating an image of the 
critica m and comparing this visual repre- 
sentation with the information in the stimulus 
array 'osner, 1969). An operation was 
sough: which would more clearly differentiate 
the ! : of processing being examined. In 
Expe nt IV, a modification of the physical 
name atch procedure (Posner, 1969) was 
used 
EXPERIMENT IV 

In ihis experiment the critical item was 
prese ‘ed just below the centrally located 
fi ı point. On half of the trials the 


lett 


vas uppercase and on the other half, 
lowc:cz With the uppercase letters Ss 
show id be able to make a visual feature 
co: arison of the critical item with the 
let =s in the stimulus array and hence not 
nevi to name any of the items. With the 


lovercase critical item, Ss are forced to 
mse a name match. Posner has shown 
thot visual comparisons take less time than 
n.'ne comparisons and has inferred that 
p^ysical matching takes place previous to 
name matching (Posner, 1969). 


Wethod 


The target letter was either an uppercase or a 
lowercase letter chosen from the same Letraset 
letters used in the stimulus arrays. It was placed 
on a blank white card .31° just below the fixation 
point and was exposed for 100 msec. The stimulus 
sequence was fixation, critical item, stimulus array 
for 100 msec., and then fixation. The RTs were 
measured with a digital millisecond clock counter 
(ERC Mfg. Co., Model 2600). 

There were seven stimulus positions, two orders of 
approximation, and two cases of the critical items. 
These 28 positive instances plus an additional 28 
negative instances made a total of 56 experimental 
conditions. Each condition was sampled four times 
per S, Four blocks of the 56 trials were prepared, 
each in a random order. There were 112 stimulus 
cards used; each card was used twice per S. Each 
S saw equal numbers of positive and negative in- 
stances and uppercase and lowercase critical items. 


Results 


For the positive instances, Ss made 16% 
and 12% errors for the lowercase first- and 
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Ficure 3. The mean reaction time is presented 
asa function of the position in the stimulus sequence. 
(The parameter on the curves is the order of ap- 
proximation of the stimulus. The negative in- 
stances are presented to the right of Position 7.) 


fourth-order approximations, respectively ; 
for the uppercase targets there were 12% 
and 19% errors. Error rates for the nega- 
tive instances (false alarms) for lowercase 
targets were 25% and 22% for first- and 
fourth-order approximations, respectively. 
Uppercase targets produced 28% errors for 
both orders of approximation. There were 
no statistical differences between condi- 
tions with respect to frequency of errors. 
The distribution of the frequency of errors 
is found in Table 2. 

Uppercase letters were searched 45 msec. 
faster than lowercase letters, F (1, 12) 
— 35.6, p « .001. Fourth-order approxi- 
mations were searched faster than first- 
order approximations by 39 msec. for 
uppercase letters and 24 msec. faster for 
lowercase letters, F (1, 13) = 23.5, p < 
.001. There were significant differences in 
RT among the seven letter positions, F 
(6, 78) = 9.1, p < .001. However, none 
of the interactions were significant, nor 
were there any differences between Ss indi- 
cating yes with the left button or the right 
button. These data are presented in 
Figure 4. 
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FiGURE 4, The mean reaction time is presented as a function of the position in the stimulu 
sequence. (The left panel presents the name match data, the right panel the data for the visua! 
feature matches. The parameter on the curves is the order of approximations of the stimulus 
sequences. Negative instance reaction times are presented to the right of Position 7.) 


The asymmetry analysis showed a left- 
right asymmetry, F (1, 13) = 4.2, p < .05, 
for both physical and name matches as 
evidenced by a failure to find an Asym- 
metry X Case interaction (F < 1). When 
‘separate analyses were performed for each 
case critical item, the same pattern of re- 
sults emerged with the exception of that 
for the lowercase critical items, the effects 
due to order of approximation, F (1, 13) 
= 41, p = .05, just reached significance. 
When Ss were required to respond with a 
negative response, RTs were 885 and 867 
msec. for visual feature matches and 917 
and 916 msec. for name matches for first- 
and fourth-order approximations, respec- 
ively—both nonsignificant differences. 


Discussion 


The aim of the experiment was to examine 
search behavior by using a procedure in which 
Ss could use visual feature matching and name 
matching. The evidence that Ss were using 
feature matching compared with name match- 
ing comes from the increased RT to the lower- 
case critical stimuli where name matches are 
implicated. 

The results suggest that search through a 
briefly presented array of letters generally pro- 
ceeds from left to right item by item. The 
item by item nature of the search is given 
further support by the increase in RT for the 
negative instances. Although this increase 
can be predicted by some parallel processing 
models, an item by item interpretation must 
predict an increase in RT. It is possible that 
the increase in negative response RT was à 
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special case, for it may be of a certain magni- 
tude rec-:dless of the length of the display. 
In addi::;5, if the search mechanism is indeed 
one th 'roceeds item by item from left to 
right. | it should do so, within limits, on 


To test this, Experiment V 


any rray. 
uses t isual feature match criterion for 
differe ength strings of different orders of 
appro: ition to English. Experiment V can 
exten generality of the findings of Experi- 
ment and IV, suggesting that (a) when 
prese | with brief letter arrays, Ss can make 
use intextual information provided by 
Eng! thography, and (b) search through 
thes ief arrays is an item by item search 
proc hat proceeds from left to right regard- 
less :e length of the letter array. 
EXPERIMENT V 

Me l 

cur different length strings were used; one-, 
thi- , five-, and seven-item arrays. The five- and 
Sev: item strings were chosen as in the first four 
exp ‘iments. The three-item sequences were either 
firs:- or second-order approximations to English. 
When the list was only one item, the letters used 
w«re from the first-order approximation lists. The 


nt length sequences were prepared in the 
manner as in the first four experiments. 
s were spaced as in the previous experiments, 
thus the visual angle of these new arrays were .38°, 
1.47?, and 2.49; 

The Ss were divided into two groups; one group 
used the left button as a positive response, the other 
theright button. Ten practice trials preceded each 
block of experimental trials. The Ss received 10 
warm-up trials with the five-item arrays. The Ss 
were then tested on the one item strings for 20 
experimental trials. Presentation order of the other 
three length stimulus materials was counterbalanced. 
For the three-item strings, there were three posi- 
tions, two orders of approximation, and positive 
versus negative instances making a total of 12 ex- 
perimental conditions. These were arranged in a 
random order replicated four times. In the five- 
item strings there were five stimulus positions, two 
orders of approximation, and positive and negative 
instances, making a total of 20 experimental condi- 
tions. Three blocks of each of these trials were 
tested. In the seven-item strings there were seven 
positions, two orders of approximation, and positive 
and negative instances. These 28 experimental con- 
ditions were arranged in blocks and replicated three 
times. Stimulus cards were counterbalanced within 
each condition for the position of the item being 
probed. In addition, in all strings there was com- 
plete counterbalancing of conditions and Ss such 
that each S received each condition, and each con- 
dition was sampled equally often. 
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Results and Discussion 


The analyses of each array length were 
conducted separately. The variables were 
order of approximation and letter position. 

Single-item presentation. When the tar- 
get item was compared against itself, Ss 
were able to indicate that the items were 
the same within 516 msec. When the 
items were different, Ss required 525 msec. A 
this difference did not reach statistical sig- 
nificance. The positive and negative in- 
stance error rate was 8%. 

Three-item arrays. For the positive in- 
stances Ss made 5% and 6% errors on first- 
and second-order approximations, respec- 
tively. The frequency of errors did not 
vary as a function of condition. There 
were 8% errors for the negative instances 
for both orders of approximation. Table 
2 presents the distribution of the frequency 
of errors for this experiment. 

As is clear from Figure 5, there was only 
a small overall difference in RT (14 msec.) 
for first- compared with second-order of 
approximation stimuli, a nonsignificant dif- 
ference. There were significant differences 
between the three letter positions with 
Item 1 requiring 517 msec. and Item 3 re- 
quiring 578 msec., F (2, 34) = 3.4, p < .05. 
Negative responses took 606 and 614 msec., 
respectively, for first- and second-order of 
approximations, a nonsignificant difference. 
There was no interaction of Familiarity X 
Letter Position or effect of same compared 
with different. ^ 

Five-item arrays. For the positive in- 
stances, Ss made 9% and 7% errors for 
first- and fourth-order approximations, re- 
spectively. The frequency of errors did 
not vary as a function of condition. For 
the negative instance there were 12% and 
13% errors for the first- and fourth-order 
approximations, respectively, a nonsignifi- 
cant difference. 

For the correct responses both the main 
effects due to familiarity, F (1, 17) = 13.3, 
p < .005, and letter position, F (4, 68) 
= 4.0, p < .01, were significant. However, 
the interaction of Familiarity X Letter 
Position was not significant (F < 1). The 
negative instances were 720 and 717 msec. 
for the first- and fourth-order approxima- 


968 


790 
O Low Order 
€ High Order 


750 
710 


670 


630 


Reaction Time (msec) 


590 


Mean 


550 


510° 


LESTER A. LEFTON 


EN 


er ae eae oa oo UE E ME RM NR GN 


Letter 


FIGURE 5. 
the four length arrays tested. 


ipeozc3..4..5. 6 
Position 


The mean reaction time is presented for each of the stimulus positions in each of 
(The order of approximation is the parameter on the curves, anc 


negative instances are presented to the right of the right-most position for the three-, five-, and 


seven-item arrays.) 


tions, respectively, a nonsignificant dif- 
ference. These data showed a strong left- 
right asymmetry, F (1, 17) = 8.3, p < .01. 
Seven-item arrays. This condition is es- 
sentially a replication of part of Experi- 
ment IV. The Ss made 12% and 8% errors 
on the positive instances for first- and 
fourth-order approximations, respectively. 
Although this difference reached signifi- 
cance, F (1, 17) = 13.9, p < .005, and 
there were more errors on the right-hand 
side of the display than on the left, F 
(6, 102) = 6.3, p < .001, there was no 
interaction of the number of errors in each 
order of approximation with the different 
letter positions. For the negative instances 
Ss made 12% errors on both levels of 
familiarity. 7 
The main analyses showed no effects 
due to familiarity. The seven letter posi- 
tions were not reported equally well, F 


(6, 102) = 7.3, p < .001, and there was 
no interaction of Familiarity X Le:ter 
Position (F < 1). The negative instance 
RTs were 776 and 806 msec., respectively, 
for first- and fourth-order strings and did 
not differ statistically. The asymmetry 
analysis showed a left-right difference, F 
(1, 17) = 5.0, p < .05. 

This experiment showed that regardless 
of the length of the multi-item string pre- 
sented there was evidence for an item by 
item left-to-right search mechanism. Even 
with a three-item array, Ss respond faster 
to items on the left than to items on the 
right side of the display. The failure to 
find an effect due to familiarity for the 
three-item strings in Experiment V was 
probably because of the use of only second- 
order approximations for the more familiar 
type of string. The interaction that would 
show a differential processing rate for first- 
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'th-order approximations (Fa- 


versus 
miliarit; X Letter Position) was not found 
in any ne length strings. The RTs for 
the neg::'' ve instances were not equal for 
the di:--nt length strings nor did the 
general :-ft-to-right item by item nature 
of the "arch vary with manipulation of 
string length, 

The ‘ndings of this experiment extend 
the fi. ngs of Experiment III and IV 
confir::.'»g the left-to-right processing strat- 
egy a he familiarity difference that has 
been ‘ind. Most important, however, is 
the noon that when given a brief array 
of in ation to process, adults process 
from «it to right and this left-to-right 
processing is facilitated by the use of 
Eng! orthography. Merikle et al. (1971) 
have -~ :ggested that transfer from the icon 


inte »rt-term memory may proceed from 
the : «ls of an array toward the middle. 
Alt!-igh Experiments III through V do 
not speak directly to this issue, they do 
provide additional evidence for an early 
processing system that does proceed from 
left to right that is sensitive to English 


orthography. 


GENERAL DISCUSSION 


i single item spatial bar marker task re- 
quires Ss to process only one item of a multi- 
item array, although more than one item is 
probably processed. The results of the first 
two experiments show a W-shape function of 
accuracy with the different letter positions. 
The shape of these functions can most parsi- 
moniously be explained by several factors 
which will be discussed below. A small dif- 
ference due to familiarity of the stimulus 
material was also obtained. The processing 
demands of a spatial bar marker probe experi- 
ment do not logically require scanning (Mew- 
hort & Cornett, 1972) and a familiarity effect 
as defined by Mewhort et al. (1969). How- 
ever, Ss are using their knowledge of the 
sequential redundancy of English to guess, 
which creates a small difference in accuracy 
due to the familiarity of the stimulus material. 
There is, therefore, a distinction between 
effects due to familiarity of the stimulus ma- 
terial and the familiarity effect as defined by 
Mewhort et al. None of the differences in 
accuracy that were found in the present study 
between orders of approximation can be termed 
familiarity effects but rather are effects due to 


969 


their-order of approximation and Ss’ familiarity 
with English orthography. 

The results from Experiments I and II do 
not speak to the question of how S might 
search through an array of information, for it 
is possible that in a partial report task only 
one item is processed, or perhaps two. The 
last three experiments were designed to force 
5s to examine the items in a briefly presented 
display. This therefore allows for another 
kind of assessment of the nature of that proces- 
sing. The results of Experiments III through 
V have shown that search for a critical target 
proceeds item by item. Furthermore, this 
process generally proceeds from the left-hand 
side of the display to the right-hand side. In 
some cases, search through arrays of familiar 
sequences was faster than through unfamiliar 
sequences. These data then suggest that when 
Ss are given the opportunity to search and 
process letter arrays in any manner, uncon- 
strained by the experimental task, they do so 
from left to right rather than from right to 
left or ends first (cf. Merikle et al., 1971). 

It seems possible that the effects found due 
to order of approximation in these RT studies 
may also be due to guessing and a low level 
preattentive or precategorical analysis of the 
visual information (Neisser, 1967). There are 
two lines of evidence to suggest that the se- 
quential constraints of English might facilitate 
this kind of search. The first comes from 
studies and discussions that have demon- 
strated that there is some kind of a low level, 
precategorical, preattentive analysis that takes 
place (e.g., Brand, 1971), Even before Ss 
can identify items, they have some informa- 
tion about the kind of material presented. A 
second source of evidence (Posner & Taylor, 
1969) is that information transferred from the 
icon does not necessarily proceed to just short- 
term memory. Both the visual features and 
their names may be stored simultaneously. 
The sequential constraints of English which 
can be easily examined in short-term memory 
may provide input to other storage mechan- 
isms to facilitate the use of context and gues- 
sing and thus allow Ss to try to search fourth- 
order arrays more quickly. 

Although the analysis of the guessing strate- 
gies and precategorical analyses explain part 
of the effects due to order of approximation, 
this is not to suggest that these effects are 
trivial. The use of contextual information and 
English orthography plays an important role 
in the extraction of information from briefly 
presented arrays. 

There were a strikingly large number of 
errors in the RT experiments. In almost all 
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cases, the frequency of errors was shown to be 
“equal over the different conditions. The high 
frequency of errors suggest that the task was 
a difficult one. However, the failure to find 
“any interaction of position with respect to 
frequency of errors suggests that the errors 
were not due to careless, hasty, or position 
‘specific processing. The negative instances 
where errors were made (false alarms) pro- 
duced higher error rates. It is unlikely that 
"the high false alarm rate was due to a speed- 
accuracy trade-off, since in all negative in- 
tances Ss were taking longer to indicate that 
an item was not in the array. In addition, 
RT for errors was almost always longer than 
the correct RT (see Table 2). 

One of the most prevalent features of these 
data is the increase in accuracy (Experiments 
Land II) and the decrease in RT (Experiments 
ITI through V) at the center of the arrays. 
The latter effect is probably attributable to 
central fixation. The item that appears just 
- above the fixation spot is in the fovea and is 
most clear. Lefton and Haber (1974) have 
recently shown that Ss can indicate that two 
letters are the same more quickly when they 
are presented in the fovea than when presented 
in the periphery. Positions 1 and 7 also 
showed high accuracy and short RT. These 
changes at the ends of the display are probably 
due to a lack of spatial masking. Each of the 
letters in an array of seven items has letters 
adjacent to it, and the presence of these flank- 
ing stimuli creates spatial masking. However, 
Ttems 1 and 7 have a flanking stimulus only 
on one side; with less spatial masking influenc- 
ing these positions, accuracy is increased 
"(Haber & Standing, 1969). Items 1 and 7 
have similar amounts of spatial masking and 

were an equal distance from the fixation point, 
| thus any asymmetry between these data points 
. cannot be due to these considerations. 

.. The data from the present experiments taken 
together suggest that the processing of. briefly 
presented letter arrays in adults who have had 
years of experience with English proceeds in 
an orderly fashion from left to right. Even 
with central fixation which logically allows 
for central processing first and the equally 
likely alternative of ends first processing, Ss 
processed from left to right. Not only was 
the processing directional, but it was also 
sensitive to the contextual constraints of the 
stimuli. When provided with familiar English 
orthography, Ss use it to whatever extent 
possible.’ This latter finding has important 
implications, for the recognition of briefly 
resented arrays has been used both to assess 
sual functioning and in the training of read- 
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ing. The use of increasingly more contained 
stimuli may be a technique that ght be 
used to aid teachers of reading whe: htisto- 
scopic tasks are employed partic: since 
this may encourage left-to-right proc sing. 
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The experiment was designed to compare retrieval cuing effectiveness of 


strong. and weak rhymes and synonyms as a function of variations in the 
conditions associated with the coding of the target words. The two types of 
cues were presented only during the test trial, or they were located on both 


the study and the test trial. 
(1.2 sec.) or slow (3.0 sec.). 


Presentation during study was etiher fast 
Reliable cuing effects were obtained with 
both types of cues, and strong were superior to weak cues. Manipulations 
of coding conditions influenced the effectiveness of synonyms, but had no 
effect on rhymes. Presenting cues during study and increasing the length 


of study time significantly enhanced the utility of meaning cues but not of 
sensory cues. These results were explained by a model incorporating ideas 
derived from the levels-of-processing conception, from the encoding-specificity 


principle, and from generation-recognition models of cuing. 


ent research findings and theoretical 


conceptualizations have converged in the idea 
th»! words are represented in memory as 
coinplexes of distinctive and independent fea- 


toes (eg., Bower, 1967; Wickens, 1970). 
These features are logically and empirically 
ntifiable as sensory attributes that charac- 
terize the physical stimulus and its name 
code (e.g., graphic, phonetic, articulatory), 
and as meaning attributes that characterize 
its representation in memory as a meaning- 
ful symbol (e.g., associative, semantic, imag- 
inal). Accordingly, coding a word in a 
memory task consists of selective or auto- 
matic (or both) priming of one or more of 
its features so that they become functionally 
effective in that task. 

Posner and Warren (1972) and Craik 
and Lockhart (1972) have suggested that, 
during coding, a word undergoes a rapid 
perceptual analysis into a number of levels, 
the initial stages being concerned with proc- 
essing sensory attributes and, time permit- 
ting, the later stages being associated with 


i'This research was supported by Grant MH 
16360 to the first author from the National Institute 
of Mental Health, and by a fellowship to the second 
author from the University of South Florida. The 
authors are indebted to Dewey Rundus for his sug- 
gestions in developing the proposed model. 
` ? Requests for reprints should be sent to Douglas 
L. Nelson, Department of Psychology, University 
of South Florida, Tampa, Florida 33620. 


971 T 


the extraction and processing of meaning at- 
tributes. Craik and Lockhart also suggested 
that retention should be directly related to — 
the level of processing. Given that a deeper 

semantic level of cognitive analysis has been 

attained, this conception implies that seman- 
tic as opposed to sensory attributes should . 
have greater functional value for facilitating 

word retrieval. Evidence bearing on this as- 

sumption has been reported by Nelson and ` 
Brooks (1974a). Following a single pres- ` 
entation of words, either rhymes or syn- 

onyms of these items were presented as ex- | 
tralist retrieval cues. To avoid confounding 
a priori cue-to-target associative strength 
with type of cue, the relationship between ~ 
synonym cues and their targets and between ^ 
rhyme cues and their targets had been — 
equated, at both strong and weak levels, 
through the use of normative data. In addi 
tion, the normative data had been used to 
equalize set size for both types of cues. The — 
results indicated that at both levels of ; 
strength the synonyms were not significantly _ 
different from the rhymes as retrieval cues. ' 
In fact, rhymes were slightly better. This — 
outcome suggested that sensory and semantic. .— 
attributes may have equivalent functional 
value in the representation and, therefore, 
that the distinction between “levels” of proc- 
essing in terms of these attributes was lack- 
ing in analytic utility. Alternatively, it 
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“might be argued that the conditions of ac- 
quisition were such that the deeper semantic 
- codes were either not attained or insuffi- 
ciently developed. The items were shown 
at a relatively fast 2-sec. rate, and retrieval 
cues were provided only after the list had 
been coded, In addition, since the levels-of- 
processing conception contains no explicit 
mechanisms for explaining the effects of 
- extralist cuing, it might be argued that these 
procedures fail to adequately test its assump- 
tions. > 
= ^ The present experiment was designed to 
- manipulate coding conditions in an attempt 
to indirectly vary level of processing achieved 
during study; and, provided that the out- 
come of the study was consistent with the 
levels conception, the secondary purpose of 
this effort was to relate this conception to a 
model of cuing. In addition to type of cue, 
location of cue on study and test trials and 
“rate of presentation on the study trial were 
- systematically varied. Thus, the cue words 
were presented only during the test trial, as 
n the Nelson and Brooks (1974a) study, 
or they were presented during both the study 
- and the test trial; and presentation rate dur- 
ing study was either fast or slow. When the 
cues are located only at test, the relative ef- 
fectiveness of the two types of cues should 
depend upon the level of processing achieved 
during coding. Synonyms will be more ef- 
fective than rhymes only if appropriate 
. meaning features are coded during study. 
_ When cues are located on both the study and 
_ test trial, then, according to the levels-of- 
processing assumption, synonyms should be 
more effective cues than rhymes since the 
priming of semantic attributes of the target 
. ought to increase the likelihood that a deeper 
level of cognitive analysis will be attained. 
A parallel argument can be constructed for 
explaining how the relative effectiveness of 
the two types of cues should depend upon 
rate of presentation. Increasing the amount 
- of allotted study time may reduce the effec- 
tiveness of rhyme cues, since the longer cod- 
ing period may allow meaning coding with 
the consequent diminution in the utility of 
sensory information. Although Craik and 
Lockhart (1972) have suggested this pos- 


sibility, this outcome seems unlikely since 
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sensory cues apparently persi long 
periods (Nelson & Brooks, 19. Nelson 
& Rothbart, 1972). Alternative! creas- 
ing study time may not different influ- 
ence the effectiveness of rhymes, 'e the 
fast rate may be sufficient for codi nsory 
information, Relative to rhymes nyms 
may be less effective at the fast i: pari- 
son to the slow rate, since more ssing 
time may be required to achiev: the- 


oretically deeper level of semantic lysis, 
uated 


This effect, however, might be 
by priming the semantic attribut: f the 
target word during coding, result in a 
three-way interaction between type loca- 
tion of cue and rate. Findings of this ature 
would suggest that more time is req: ed to 
establish the semantic relative to the : sory 
code, but that priming meaning featur: dur- 
ing coding will speed up the developy nt of 
such a code, 
METHOD 

Design. The experimental design was a 2X 
2X2X2 between-within factorial. Type cue, 
location of cue, rate of presentation, and / were | 
all between-Ss factors, and strength of rela: on of 
cue to target was a within-S factor. In a: ‘ition 
to these conditions, two free recall control p -oups 
were added. For one group the target item: were 
presented at the fast rate and, for the other, tems 


were shown at the slow rate. 

Materials. The word lists were constructed irom 
rhyme and synonym norms described by Nelson 
and Brooks (1974a). The same lists were used 
in both experiments, and, since specifics associated 
with normative procedures and list construction 
are available in that report, only an abbreviated 
description will be presented here. 

Controlled association norms were collected and 
used to construct four lists, two for the rhyme and 
two for the synonym condition, The cue words 
served as stimuli in the controlled association task, 
and the targets were provided by different propor- 
tions of Ss participating in that task. Of the 24 
pairs in each list, 12 of the cue words were strongly 
associated to their targets and 12 were weakly as- 
sociated to their targets, For the strong pairs an 
average of 52% of the Ss provided the target in 
response to the cue, and for the weak pairs this 
value was 7%. In both the rhyme and synonym 
lists the target was the primary response to the cue 
in the strong conditions, and in the weak conditions 
averages of 2.63 and 2.83 responses were given more 
frequently than the response words selected as 
targets, respectively, for the rhyme and synonym 
lists. Thus, the a priori strength of relationship 
between cue and target was carefully eauated at 
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each le rhyme and synonym lists. In addi- 
tion, was equated for each type of cue. 
Set sizc estimated from the number of different 
respons ven to each cue in the controlled asso- 
ciation and, for rhyme and synonym pairs, 
those + were, respectively, 6.83 (SD —1.74) 
and 6. >D = 2.36). To control for this factor 
within strength variable, the cues having a 
strong tion to their targets in one list had a 
weak ion to their targets in the other list; for 
exam] 1 the rhyme condition KEG served as the 
stron; for LEG in one of the lists and as a 
weak for PEG in the other. Therefore, the same 
cues d for each of the two rhyme and for 
each ie two synonym lists. The targets for all 
four however, were different. Word frequency 
(Ku X Francis, 1967) was equated within types 
of cu ‘ut was unavoidably confounded with the 
stre; | variable. For each of the two lists in the 
rhyr ind synonym conditions, the targets having 
a st : relation to their cues were higher in fre- 
quer (80 per million) than those having a weak 
relait to their targets (17 per million). Because 
of confounding, Nelson and Brooks (1974a) 
usc! separate free recall control groups for each 
list targets. However, the results of that ex- 
pet uent indicated that free recall performance was 
equ valent for targets used in the rhyme and syn- 
or;n conditions, and within each of these condi- 
tious, for high and low frequency words. Thus, 


in this experiment, instead of using independent 
free recall groups for each set of targets, one 
fcurth of the Ss were assigned to each set of 
targets within both the fast and the slow rate free 
recall conditions. 

Procedure. All Ss participated in individual 
sessions. All words were typed in uppercase letters 
and were presented yia a Kodak Carousel slide 
projector driven by an auxiliary timer at either 
a 1.2- or a 30-sec. rate. At these rates the items 
appeared on the screen for .7 and 2.5 sec., respec- 
tively. The fast rate was chosen after pilot Te- 
search indicated that there was just enough time 
available to read the items aloud. To acquaint Ss 
with the rates used, all were shown eight proper 
names (eg, Joe Wheeler) with the requirement 
that each be read aloud, and this task was repeated 
until E was satisfied that S could read the items 
at the rate to be used in the experimental task. 

On study trials all Ss were required to pro- 
nounce aloud the items as they appeared on the 
screen. When the cues were located on study and 
on test trials, Ss were told that words appear- 
ing on the right of the screen were target words 
and that, since they would be shown only once, it 
was important to concentrate in order to remember 
as many of these words as possible. In addition, 
these Ss were told that the underlined word appear- 
ing on the left side of the screen was a cue word 
that “rhymes with" or “has a meaning Similar to 
the corresponding target word. The instructions 
indicated that these underlined cue words would be 
presented during the second phase of the experi- 
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ment, and that they would aid their recall of the 
targets. When cues were presented only during 
the test trial, the instructions for the study indi- 
cated that items would be presented only once and 
that it was important to concentrate, etc. Identical 
study trial instructions were given to the free recall 
groups. 

Immediately following the presentation of the 
last word or pair of words, instructions for recall 
were read. In the cued recall conditions these in- 
structions either reminded Ss about the nature of 
the relationship of the cue words to the targets, or, 
as when cues were presented only during test, they 
specified the nature of the relationship. Thus, in 
the latter case, the information concerning the na- 
ture of the retrieval cues was provided after list 
presentations and, hence, after the items had been 
coded. In the free recall conditions, these instruc- 
tions indicated that a row of asterisks would re- 
peatedly flash on the screen and that a list word 
should be recalled at each flash. All instructions 
were carefully equated for length. In all conditions 
recall was oral and response paced; that is, as soon 
as a word was recalled or as soon as S indicated 
that he could not recall the appropriate word, the 
next cue or row of asterisks was shown. The order 
of presentation of words or pairs on the study trial 
and the order of presentation of cues on the test 
trial, if any, was independently randomized for 
every S. 

Subjects. In the eight cued recall conditions, 
formed by manipulations of type of cue, location of 
cue, and rate, 8 Ss were assigned to each of the 
two lists. In the two free recall conditions, 4 Ss 
were assigned to each of the four sets of target 
words, This procedure resulted in 16 S's in each 
of the major conditions, and in a total of 160 Ss 
in the entire experiment. For each of the two male 
Es, Ss were assigned to conditions in blocks of 
20, with 1 S$ from each condition and list per 
block. Assignment within blocks was determined 
by a table of random numbers. All Ss were 
selected from courses in introductory psychology 
and received points toward their grades for par- 
ticipation. 


RrsuLTS 
Table 1 presents the mean number of cor- 


rect recalls as a function of the conditions of 


cued recall Comparison of the values dis- 
played in the last column of this table indi- 
cated that strong cues were superior to weak 
cues, and comparison of the means presented 
in the bottom row indicated that, in general, 
the effectiveness of rhymes as retrieval cues 
was uninfluenced by priming features during 
the study trial and by increasing the amount 
of available coding time, In contrast, the ef- 
fectiveness of synonyms appeared to be de- 
pendent upon both of these factors, Prim- 
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TABLE 1 


FUNCTION OF TYPE or Ci 
AN NuMBER or Correct CUED RECALLS AS A FUN Tvi 
s Location or CUE, RATE OF PRESENTATION, AND STRENGTH 


Type of cue 
Rhyme Synonym 
Cue M 

Sask Test only Study and test Study and te 

Fast Slow Fast Slow Slow Fast | i, Slov é 

9.69 10.06 9.56 9.62 9.13 9.62 10. 6! 9.51 
Wor 6.12 6.50 6.44 6.19 5.81 6.44 8 1 ) 6.27 

M 15.81 16.56 16.00 15.81 14.94 16.06 18.88 


ing semantic features during coding or in- 
creasing study time both facilitated recall. 
In this experiment poorest cued recall was 
attained when synonyms were used as cues 
at test only, following the fast presentation 
3 rate; best cued recall was achieved when 
|. Synonym cues were available during study, 
= and items were presented at the slow rate. 
An analysis of variance of these data con- 
firmed these trends. Location of cue, rate of 
presentation, and strength of cue were all 
statistically reliable, F (1,120) — 11.02, 7.87, 
-. and 260.11, respectively, ps < .01. The Type 
of Cue X Location of Cue interaction, 
= F (1, 120) = 1470, p < 01, and Type of 
_ Cue X Rate interaction, F (1, 120) = 5.24, 
p < .05, were also significant. The F ratios 
for all the remaining sources of variance, in- 
cluding the main effect of type of cue, were 
less than unity. Thus, the statistical analy- 
Sis indicated that the relative effectiveness 
_ of rhymes and synonyms was dependent both 

. upon whether the cues were present only 
during the test trial or during the study and 
the test trial, and upon the amount of avail- 
able coding time during the study trial. 

- Fisher's two-tailed least significant differ- 
ence for evaluating each of these interactions 
was 1.08. The pooled means of correct re- 
- sponses for the test-only and study-and-test 
conditions were, respectively, 16.19 and 
15.91 for rhymes, and 13.56 and 17.47 for 
Synonyms. Providing the cue during both 
study and test portions of the task had no 
effect when the cues were rhymes, but this 
procedure significantly facilitated recall when 
the cues were synonyms. This interaction 
also indicated that when cues àre presented 


: 
; 


e LU 


at test only rhymes were superi: ) syn- 


onyms as cues, while the revers s true 
when the cues were available du ^g the 
coding period. This finding appea:. | to be 
at variance with that obtained by Ne on and 
Brooks (1974a) since they found vat, at 
a 2-sec. study rate, rhymes were nu: rically 
but not significantly superior to sy: onyms 
when cues were presented only on e test 
trial. However, comparison of cor. «rable 
conditions of the two experiments su. vested 
a trend in which the superiority of —'ymes 
increased as rate was decreased fron: 3.0 to 
2.0 to 1.2 sec. The pooled means : r the 


15.91 
ively, 
1yms, 


16.91, 


Type of Cue x Rate interaction werc 
and 16.19 for rhymes presented, respec 
at the fast and slow rates; for syno 
these respective means were 14.12 and 
Increasing the available study time to 3 sec. 
failed to enhance the cuing effectiveness of 
the synonyms to the level attained with] 
rhymes. In other words, at the fast, 1.2-sec. 1 
Tate, synonyms were less effective that 
rhymes as retrieval aids. 

Table 2 presents the mean number of cor- 
rect responses obtained under the conditions 
of free recall These data were included 
with those represented in Table 1 in an 
analysis of variance with groups, rate, and 
strength (frequency in free recall) as the 
sources of variance. The group source con- 
sisted of the four cued recall conditions at 
each rate of presentation formed by type and” 
location of cue, plus the free recall conditions i 
at each rate. In addition to showing that ~ 
both rate and strength remained as signifi- | 


ARS 


cant sources, this analysis indicated that 
groups was reliable, F (4, 150) = 48.03, | 
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TABLE 2 
MEAN N ER OF CORRECT FREE RECALLS AS A 
Fun OF RATE OF PRESENTATION 
D STRENGTH (FREQUENCY) 
Presentation rate 
rength 
Fast Slow M 
Strong h frequency) 3.38 5.06 4,22 
Weak ( frequency) 3.75 4.06 3.91 
M 7.12 9.12 8.12 
p<. Chis effect reflected the previously 
discu ordering of recall performance as- 
socia | with the cued recall conditions, but 
it also reflected the fact that every cued re- 
call c sition was significantly superior to 
free all, Moreover, there was a reliable 
Gr « Strength interaction, F (4, 150) — 


11.0  p« 0l. Strong cues were superior 
to woak cues in every cued recall condition 
but xot in free recall; that is, when recall 
wa: free, word frequency had no reliable 
eficct. Fisher's least significant difference 
for this comparison was .80. Thus, this 
analysis -indicated that even weak semantic 
cues presented only on the test trial produced 
higher recall performance relative to free 
recall. No other interactions were statis- 
tically reliable. 


Discussion 


The results of the present experiment extend 
previous findings and compel a revision of the 
initial interpretation (Nelson & Brooks, 1974a). 
In that study, when set size and a priori 
strength of relation of cue to target were 
equated, rhymes and synonyms were equally 
effective as extralist retrieval cues. This re- 
sult, obtained at both strong and weak cue-to- 
target relationships, suggested that the sensory 
attributes of a word were as functionally impor- 
tant as its semantic attributes in its memorial 
representation, However, the data of the pres- 
ent experiment indicate that the relative effec- 
tiveness of the two types of redintegrative cues 
is contingent upon the conditions allied with 
the coding of the target words. This finding 
is consistent with the ideas that words are 
coded in memory as sets of independent fea- 
tures, and that these features are represented 
at different levels (Craik & Lockhart, 1972; 
Posner & Warren, 1972). Furthermore, given 
the following three assumptions, these ideas 
can be incorporated into extant theories of ex- 
tralist cuing (Bahrick, 1970; Tulving & 


Thompson, 1973). First, it is assumed that 
the processing of an item in an episodic task 
consists of priming or activating its attributes 
at different levels, These levels are concep- 
tualized as representing a processing continuum, 
beginning with sensory attributes and extend- 
ing through meaning attributes. Meaning 
codes are presumed to be more effective than 
sensory codes, but not because the latter 
mnemonics diminish in accessibility as the stim- 
ulus is elaborated at higher levels. Both types 
of codes are presumed to be relatively durable 
(Posner & Warren, 1972). Given the levels 
assumption, it appears reasonable to suppose 
that the availability of the cue word during 
coding affects the level of achieved cognitive 
analysis by priming particular attributes of the 
target. Second, at recall the cue word serves 
to provide access to items that have been spe- 
cifically related to it as a function of the en- 
coded relationship established during study in 
the episodic task, associative experience at- 
tained prior to the task, or both. The spe- 
cificity of this cue is partially under the control 
of the instructions indicating what features are 
relevant. Presumably, access to associates is 
orderly to the extent that the cue is more likely 
to access strong before weak associates. Third, 
as each item is accessed, its features are ex- 
amined or sampled to determine if they had 
been activated during the coding phase of the 
task, If the sampled attributes of the accessed 
item meet the requirements imposed by the 
recognition criterion, the item is “recognized” 
and is then produced, correctly or incorrectly, 
as the target. This set of assumptions, re- 
ferred to as the coding-access-recognition 
(CAR) model, explains the effects of cuing 
per se, the superiority of strong as compared 
to weak cues, and the differential effectiveness 
of types of cues, The fact that every cuing 
condition facilitated performance relative to free 
recall is explained with the model by the as- 


sumption that the cue word acts to provide ~ 


access to items specifically related to it. In 


free recall no such retrieval cues are given on 


the test trial, and access must be achieved by 
some other means (cf. Anderson & Bower, 
1972; Bahrick, 1970). 

The superiority of strong cues was main- 
tained even when the retrieval cues were avail- 
able during study and items were presented at 
the slow rate. The strength effect did not vary 
with coding conditions, nor did it vary with 
type of cue. This finding is consistent with 
the assumption that, for both rhymes and syn- 
onyms, strong associates are accessed before 


weak associates. As each item is accessed, its 
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features are presumably sampled to ascertain if 
they have been coded. The weaker the asso- 
ciate the greater the number of nontarget items 
examined. Thus, the weaker the item, the 
greater are the number of recognition distrac- 
tors. Given that STORY, TALE, FAIRY TALE, and 
LEGEND are associated to FABLE from strongest 
to weakest, FABLE should serve as a better cue 
for story than for LEGEND since, in the latter 
case, recognition performance should deteriorate 
because of the likelihood of processing a greater 
number of similar distractors. 
3 In the. coding-access-recognition model, the 
effectiveness of a given type of cue is deter- 
mined by the level of processing of the target 
attained during coding. The likelihood of cor- 
rect target identificaiton is increased by proc- 
essing attributes during recognition that were 
primed during coding. Furthermore, given 
that both sensory and meaning attributes were 
primed, a synonym cue should be more effective 
than a rhyme cue since coding at a semantic 
level produces a more effective code, There- 
fore, conditions that vary the likelihood of cod- 
ng semantic attributes ought to affect the rela- 
tive utility of rhymes and synonyms as retrieval 
— aids. These assumptions explain the interac- 
— tion between type and location of cue. Rela- 
tive to presenting the target by itself, present- 
ing the semantic cue during coding facilitated 
. retrieval of the target items but presenting the 
- sensory cue during coding did not. According 
.. to the CAR model, priming semantic features 
increases the likelihood that the target will be 
- coded more specifically with respect to the cue 
word, Thus, given access to the target, it is 
. now more likely that these specific attributes 
— will be recognized as having been coded. For 
example, presenting FABLE with story during 
- coding increases the chances of processing spe- 
cific semantic information contained in sTORY 
as it relates to FABLE. The cue biases the en- 
coding at input. When FABLE is presented 
again during test and when story is accessed, 
; the probability of correct recognition is in- 
creased, since specific semantic features appro- 
priate to the cue have been primed. If the cue 
word FABLE is presented only during the test 
trial, then, even though some of the semantic 
attributes of srory may have been primed dur- 
ing study, the semantic information of story as 
it relates specifically to FABLE is less likely to 
have been coded; therefore, recognition and 
thus recall should also be less likely. Priming 
sensory features fails to enhance recall because 
these attributes are apparently sufficiently coded 
merely by reading the item aloud. The ayail- 
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ability of the sensory cue during ng simply 


provides redundant information. nce, pre- 
senting KEG along with LEG du: he study 
trial does not differentially enha: ae recall 
of LEG relative to presenting Kr ' on the 
test trial. In both instances th« ord KEG i 
serves only to provide access to \ sharing 
the EG ending. Of course, when t o types 
of cues were presented at test rhymes | 
were more effective cues than svn This 
finding suggests that the likelihoo process- 
ing meaning features as they relat: cifically 
to the cue utilized at test is less th e likeli- 
hood of coding specific sensory fe 's when 
single words are presented. 

The CAR model also explains th: raction 
between type of cue and rate of p itation, 
As cues, synonyms were not as c: tive as 
rhymes when the target items were ^ csented 
at the fast rate, Consistent with th els-of- 
processing assumption, more processi: time is 
required to develop the semantic rela to the 
sensory code. Although this diffe: ce ap: 
peared to be attenuated somewhat by resent- 
ing the synonym cues during study a luring 
test, the effect was not of sufficient n- -nitude 
to produce a three-way dependency «tween 
type and location of cue and rate. ‘I~ refore, 
the processing limitations imposed by i is rate 
are not overcome by priming specific ~ mantic 
attributes during coding. It should iso be 
noted that increasing allotted study t` «e did 


not reduce the effectiveness of the rhyno cues, 
suggesting that, at least under these co: litions 
of coding, sensory information was pr::erved 
even though the items were undergoing elabora- 
tive, semantic coding. Further cognitive analy- 
sis apparently does not necessarily destroy 
codes established at lower levels. This finding 
is consistent with results of paired-as-ociate] 
studies showing that interference generated by | 
graphic-phonetic similarity persists even though 
the stimulus-response pairs are related on the 
basis of meaning or in terms of a compound 
image (Nelson & Borden, 1973; Nelson & 
Brooks, 1973). 

This model embodies many of the assumptions: 
mostly in modified form, associated with the 
levels-of-processing conceptualization (Craik & 
Lockhart, 1972; Posner & Warren, 1972), with 
the encoding-specificity principle (Tulving & 
Thompson, 1973), and with the generation- 
recognition models (Anderson & Bower, 1972; 
Bahrick, 1970). The marriage of these as 
sumptions appears necessary to provide an ade- 
quate explanation of all of the findings of this 
experiment. By itself the levels-of-processing | 
assumption is not explicit as to the nature o 
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the precise echanisms underlying the function- 
ing of ext::list cues; but this notion does pro- 
vide a u:-:0] way to conceptualize coding oc- 
curring ng the study phase of the task. 
The enc z-specificity principle and the gen- 
eration- nition models do not make specific 
* predicti rding the effects of types of 
uem ~ former conception, since it empha- 
sizes th portance of coding processes, would 
appear e capable of modification so as to 
make predictions, but this principle does 
not ad iely account for the strength effect 
obtain: ith rhyme cues (Nelson & Brooks, 
1974 he present model includes the speci- 
ficit mption in that the function of the 
extral cue is to provide access to items that 
are sp ócally related to it in terms of either 
deteri ::«te meanings or in terms of particular 
sens catures, and, if presented during study, 
an ai onal function of the cue is to prime 
attri) os of the target that are specifically 
relat’ to it. The model incorporates the ideas 


allie: with the generation-recognition models 
regs: ling the mechanisms operating when a 
cue word is presented at test, except that it 
pos! lates that access to items is orderly in ac- 
corlince with relative associative strength, and 
tha: the recognition process involves search and 
sampling of features of accessed items. 

addition to the present findings, the cod- 
inz-access-recognition model also explains why 
à strong cue is no longer effective when the 
target has been paired with a weakly related 
cue during coding (Tulving & Thompson, 
1973). This explanation rests on the assump- 
tion that the semantic features of the target as 
it relates to the strong cue are not as likely to 
have been activated during coding, so that, even 
though the target may be generated at recall, 
the item is not recognized as having been pre- 
sented. Hence, if PASTURE RANGE is presented 
during study, the attributes of RANGE as this 
item relates to pastures, fields, and meadows 
are primed. Therefore, if oven is presented at 
the recall test and if RANGE is accessed, it is not 
likely that it will be recognized as having been 
a target. The RANGE associated with ovEN re- 
lates to stoves, refrigerators, and kitchens, and, 
even though their sensory attributes are iden- 
tical, this RANGE is essentially a different word 
as compared to the one that is associated to 
PASTURE. This model therefore assumes that a 
word has more than one representation in 
memory. In addition to accounting for these 
results, predictions concerning extradimensional 
shifts can also be derived. If the target has 
been coded primarily at the sensory level, then 
switching to a semantically related extralist 
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cue at test should be relatively ineffective in 
facilitating retrieval, However, if the target 
has been coded at the meaning level, then 
switching to a sensory or rhyme cue should 
facilitate the retrieval of the target, since these 
cues presumably are processed prior to attain- 
ing the meaning coding. Thus, the CAR 
model explains the findings of the present ex- 
periment as well as those stemming from intra- 
dimensional semantic shifts; and, in addition, 
predictions can be derived for studies employ- 
ing extradimensional shifts with sensory and 
meaning attributes. 
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RECOGNITION OF “SIMILARITY” 
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Four Ss compared successively presented pairs of line patterns for a mat: 

between any lines in the patterns (similarity) and for a match between a! 

lines (identity). The patterns were presented in adjacent locations and 
were separated by a 0- or 5-sec. delay. Conditions were varied between ses 

sions. The exposure duration for the first pattern (study time) and th 
second pattern (response time) was controlled by S's behavior, For identity 
judgments, both study and response times were independent of the number 
of elements in the patterns. For similarity judgments with 0-sec, interval, 
both study and response times increased with the number of elements to bc 
processed. For similarity judgments with a 5-sec, interpair interval, however, 
some Ss were able to study the patterns with no increase in time for an in- 


crease in the number of elements. 
Ss were most evident in study times. 


When two visual patterns are compared 
for identity—a match between all their ele- 
ments—the number of elements has only a 
slight effect on response time. If the pat- 
terns are compared for a match between any 

- of their elements, the response latencies in- 

crease with the number of nonmatching ele- 
ments in the patterns (Sekular & Abrams, 
1968). The presence of common elements 
in pairs of stimuli is one index of their 
similarity (Bourne, 1966; Uhr, 1965). The 
— response time to judge this "similarity" for 
- two identical patterns is about the same as 
the response time to judge their identity 
(Derks, 1972). Thus, the patterns are ap- 
parently judged as a whole for identity, then 
analyzed for common elements, or similarity. 
(Bamber, 1969; Hochberg, 1968; Lockhead, 
1972). 

These results were obtained with simulta- 
neous comparisons, which do not depend on 
memory. Grill (1971) and Taylor (1969) 
have found that the introduction of a delay 
between two stimuli to be compared for 
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Qualitative differences within and between 


identity decreases response late: v. Re 
sponses that depend on memory : e faster 
than responses that depend on sim 'taneous 
comparisons (see also Eriksen, M singer, 
& Greenspon, 1966). Snodgrass (i 72) at 
tributes the difference to the encoc ig time 
necessary to make a simultaneous « mpari 
son. In simultaneous comparison encod 


ing time is part of the response tin 
Successive comparison permits enc: 
be accomplished prior to the appeai 
the comparison stimulus and the i» itiatiot 
of the response. 

An estimate of this encoding time, the ti 
spent on the first stimulus, could be v:luabl 
in analyzing the entire comparison proce 
Encoding times that increase with increas 
stimulus elements would indicate sequential 
encoding, while times that remain constall 
might suggest more nearly unitary encodi 

Furthermore, Sekular and Abrams (1968 
p. 238) have proposed that Ss “adopt di 
tinctive modes of pattern recognition,” whi 
Derks (1972, p. 239) suggested that 
“process the patterns in the same way rf 
gardless of instructions" with instructi 
determining “which phase of the process $ 
use for the response.” If there is no diffe 
ence in the pattern processing itself, then th 
study times should be similar and unaffect 
by instructions, since all study of the fif 


stimulus mst occur prior to the initiation of 
> to the second. 


any respo 

Nickerson and Pew (1973) used succes- 
sive compz:isons and found response times 
significan slower for identical stimuli 
judged fo: .imilarity than for identical stim- 


r identity. This result supports 
that Ss’ "performance strategy” 
east in part, on “the decision he 
| Nickerson & Pew, 1973, p. 41]." 


must ma! 


The study time on the first stimulus, how- 
ever, w xed at 2 sec. with a .5-sec. mask 
betwee c first and the comparison stim- 
ulus. effect of the decision to be made 
on the lying strategy was not examined. 
Therefore, the present experiment examined 
the encoding times for pattern recognition 
from i»;nediate memory, as well as the re- 
sponse latency to the comparison stimulus, 
to gai: information on encoding for identity 
and similarity judgments. 
METHOD 
Sul jects. One undergraduate female (J.D.), one 


graduate female ( P.H.), one graduate male (S.N.), 
and one male professor of psychology (P.D.) 
as Ss. They were volunteers and were paid 
session plus the rewards described below. 
s were tested twice under four experimental 
nditions and in a practice session, for a total of 
nine sessions. 

Apparatus. The apparatus was the same as that 
described in Derks (1972). The patterns were 
composed of lines presented. on two panels (Alpha- 
Numeric Electroluminescent) from Massey-Dickin- 
son. Each panel contained 14 lines and a dot in the 
lower right-hand corner. These 15 elements could 
be independently illuminated and were arranged 
to produce alphanumeric symbols, although actual 
letters and numbers were avoided in this study. 
The brightness of the elements was adjusted so 
that the light blue of the illuminated elements was 
judged to stand out clearly against the dark back- 
ground and the unlit elements, The unlit elements 
were always faintly visible. The Ss’ eyes were 
typically about 60 cm. from the panels, and a con- 
figuration of all the elements in a pattern was 3.5 
cm. wide and subtended a visual angle of about 3.3°. 
The pairs were separated by 15.7 cm. from center 
to center, a visual angle of about 14.7^. The arrays 
had 1-5 elements illuminated with none-all of the 
elements matching between arrays. For each com- 
parison, the two arrays had the same number of 
elements illuminated. 

Procedure, "There were 300 presentations in each 
experimental session. Each number of illuminated 
elements, 1-5, was presented 60 times, with 30 
matching and 30 nonmatching pairs. The nature 
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of the match depended on whether the response - 


condition was identity or similarity. Matching ele- 
ments were equally distributed within response con- 
ditions that depended on different numbers of 
matching elements, (Similarity matching could 
result from any proportion of elements the same 
between patterns, and identity nonmatching could 
result from any proportion of elements not the 
same.) For example, in 60 5-element pairs judged 
for similarity, 30 had no elements in common 
and were nonmatching. Of the remaining 30, 6 
matched 1 element, 6 matched 2 elements, 6 matched 
3 elements, 6 matched 4 elements, and 6 matched 
all 5 elements, ie, were identical. For identical 
judgments of 5 element stimuli, all elements were 
the same on 30 presentations, and the other num- 
bers of matching elements, including 0, were pre- 
sented 6 times. 

The arrays were programmed on paper tape and 
processed through a Block tape reader from Wang 
Laboratories. The orders of arrays were random- 
ized on the tape for the initial presentation. Then 
S's were given different response orders by reorder- 
ing and/or reversing the tape in quarters, and dif- 
ferent stimulus arrays by randomly rearranging the 
connections between the program and the panels. 
"Thus, the general experimental conditions remained 
the same while the particular configurations were 
changed. 

The array pairs were illuminated sequentially 
from left to right. The S initiated the illumination 
of the left panel by depressing a microswitch. Clos- 
ing the switch also started a Hunter Klockounter 
which measured in milliseconds, The release of 
the switch terminated the display of the first array 
and stopped the clock. The duration of this display 
was the study time. 

The release of the microswitch led to the il- 
lumination of the right array, either immediately 
or after a specified delay—5 sec. in the present 
experiment. The onset of the second array also 
started a Hunter Klockounter. The S indicated 
whether or not the arrays were matched by closing 
one of two microswitches. Subjects S.N. and J.D. 
chose the left hand to indicate a match and the 
right for a nonmatch; P.H. and P.D. chose the re- 
verse. Closing either switch stopped the clock and 
terminated the second display. The duration of 
this display was the response time. 

The three switches were operated by three but- 
tons on a box 30X 18 X8 cm. The start button 
was located between and 12 cm. below the two 
choice buttons. The choice buttons were 10 cm. 
apart. The Ss operated the start button with the 
preferred thumb and the choice buttons with the 
index finger of the approprite hand. All Ss touched 
the start and choice buttons simultaneously, so there 
was no delay from hand movement. 

The Ss participated in the eight experimental 
sessions at the rate of about two a week, following 
a full session of pretraining. A separate condition 
was given each day. The conditions, similarity 
with zero delay (Sim-0), similarity with 5-sec. 
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ELEMENTS PER PATTERN 


Figure 1. 


Study times and response times for similarity (Sim) and 


identity (InN) judgments with no delay (-0) or 5 sec. (-5) between patterns. 
(First and second sessions are labeled 1 and 2.) 


delay (Sim-5), identity with zero delay (Idn-0), 
and identity with 5-sec. delay (Idn-5), were pre- 
sented randomly. An S went through all four con- 
ditions, however, before receiving the second ses- 
sion of any one condition. Practice trials were 
given at the beginning of each session until S felt 
ready, and S was allowed to rest in the middle of 
the session. 

In addition to the $2 per session, Ss competed 
for eight $2 prizes, four for the fewest errors in 
each condition and four for the fastest average 
times. Subject S.N. spontaneously decided to try 
to be fastest and P.H. decided to try to be most 


D 


accurate, even though no such commitment was te 
quested or expected. No S knew how the other 55 
were doing until the experiment was over. 

To summarize the procedure, S pressed the start 
button and studied the first of two arrays. When 
the button was released, the array disappeared and 
a second pattern appeared on a different panel 


either immediately or 5 sec. later, depending on the |] 


delay condition of the session. The S then press 

the appropriate button to indicate same or di, ferens 
If the judgment was identity, all the elements hat 
to match for a same response to be correct. B 
the similarity judgments, any elements could matë 


1 This array was-terminated 
1 was pressed. Study and re- 
recorded for all presentations but 
correct responses. 


for a same 
© when either 
sponse times 
analyzed on! 


RssuLTS AND DISCUSSION 

The intc::tions of S.N. to be fast and P.H. 
to be acc were reflected in their per- 
formance, Subject S.N. received the prize 
for speed : both Idn-0 and Sim-0 and P.H. 
- was the m- t accurate S for Idn-0 and Sim-5, 
— Condition :.'n-5 resulted in a reversal, how- 
Lever, wit. D.H. fastest and S.N. most ac- 
curate. other awards, speed for Sim-5 
and accu: cy for Sim-0, went to J.D., who 
| was a clo © second on both measures in most 
- conditio: The average latencies and pro- 
» portions false alarms and misses for all 

Ss in all /aditions are given in Table 1. 


The rence in the strategies of S.N. 


and P.E. iad two effects on the treatment of 
these reults, First, some attention was 
given t lividual Ss for a comparison of 
two dierent styles of information process- 


ing. "5c high-error, short-latency responses 
of S.N. are analogous to an “impulsive” cog- 
nitive style, while P.H.'s longer latencies and 
greater accuracy correspond to a “reflective” 
style (Kagan, 1965). Second, the variability 
between Ss decreased the meaningfulness of 
a rigorous statistical treatment of the data. 
Therefore, the overall results are presented 
in Figure 1 to indicate qualitative effects. 
Except where noted below, the differences in 
Ss’ latencies were generally reflected in the 
slopes and intercepts of the functions and 
not in their shapes.* 

Study time. Figure 1 shows study time for 
the identity and similarity conditions in the 
upper four sections. By the second session 
in the identity conditions, S.N. and J.D. for 
both delays and P.H. for Idn-5 were “study- 
ing” by tapping the stimulus button. The 
exposure duration produced by these taps 
was around 50-100 msec. and was not influ- 
enced by the number of elements in the pat- 
terns. Subject P.H. studied Idn-O for an 
average of 290 msec., also with no increase 
as a function of number of elements. Sub- 
ject J.D. used taps for studying in Sim-5 
While S.N. showed a slight tendency to ad- 


4 Further information may be obtained from the 
first author. 
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just study time, with average latencies rang- 
ing from 119 msec. for 2 elements to 182 
msec. for 5. 

In all other cases, especially all Ss for 
Sim-0, an increased number of elements in 
the pattern resulted in clearly increased study. 
time. Subject S.N.’s study time showed the 
least change for the second session of Sim-0 
and increased from 293 msec. for 1 element 
to 418 msec. for 5. Since S.N. was the least 
accurate S in this Sim-0 condition, he may 
not have allowed enough study time on the 
more complex patterns. 

The frequency distributions of study times 
for each S on the various number of elements 
for each condition showed some evidence of 
multimodality for the slower Ss. Probably 
some elements could be combined and studied 
as if they were one. For example, if two 
lines formed one side of a figure, they could 
have been encoded as a single line. In no 
case, however, was a complex pattern in the 
Sim-0 condition studied with a tap. 

In the Sim-5 condition Ss apparently used 
the delay to encode, since all study times 
were shorter than for the Sim-0. A distinc- 
tion is made here between study time, the 
actual exposure of the stimulus, and encod- 
ing, which could go on beyond stimulus ex- 
posure. With no delay, all Ss used more 
exposure time to study patterns with more 
numerous elements to make similarity judg- 
ments, For the identity condition, a 50-100- 
msec, flash was adequate for some Ss, with 
or without delay. 

This lack of increase in study time with 
increased elements does not necessarily mean 
that S can encode the pattern as a unit. It 
is quite possible that the elements were en- 
coded successively but at a rate so rapid that 
it did not affect S’s button tapping. Work 
with limited exposures of complex figures, 
such as letters of the alphabet, has shown 
that such stimuli do have different recogni- 
tion times (Dick, 1970; Townsend, 1971). 
Nevertheless, exposure durations in those 
studies did not give unequivocal support to 
any obvious kind of sequential encoding. 

Response time. The response times, 
shown in the lower sections of Figure 1, are 
very much like response times for simulta- 
neous comparison collected under similar 
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TABLE 1 
E Time (ST) AND RESPONSE TIME (RT) For EACH S IN THE 
See RS A us SESSION oF EACH CONDITION 
Condition 
Time Identity Similarity 
Zero delay 5-sec delay Zero delay 5- lay 
Subject S. N. 
ST 
Fi .157 .142 163 414 
Second .058 .106 342 173 
First .438 (.04, .04) -343 (.01, .04) 747 (.02, .17) .654 .09) 
Second 405 tor 05) 496 (.01, .01) 666 fos 12) .553 09) 
Subject J. D. 
ST 
First .382 .097 -150 .124 
i Second .084 .089 434 .073 
3 Jp 
4 First :435 (.04, .00) ATL (or 02) 666 (.01, .05) 4702 (.06, .09) 
, Second .556 (.03, .00) 439 (.01, .01) 628 (.00, .13) 458 (.02. .07). 
Subject P. D. 
ST 
First .539 .858 1.100 .828 
EP 396 569 1.007 .626 
First .538 (.03, .01) 557 (ot, .01) 832 (.01, .08) .858 (.03, .07) 
Second 422 (.03, .00) .532 (04, .02) 834 (.02, .09) .693 (.01, 07) 
. Subject P. H. 
ST. 
First .220 312 1.696 1.386 
UE .290 .053 1.082 “649 
First 668 (.02, .00) 1.186 (.07, .02) 1.595 (.01, .05) 1.538 (.01, .01) 
Second -910 (.01, .00) .360 (.03, .01) 1.435 (.04, .03) 1.619 (.01, .01) 


conditions (Derks, 1972). The solid lines 
represent comparisons of stimuli that were 
in fact identical, The functions are fairly 
flat for both identity and similarity judgments 
of those stimuli. 

The dotted lines are cases in which the 
stimuli had no matching elements. For 
. identity judgments, these comparisons were 
. not different in latency from those for iden- 
- tical stimuli. Similarity judgments, on the 

other hand, took longer as the number of 
elements increased. For example, J.D.'s 


ty 
S 


Note. Proportions in parentheses are the false alarm and miss rates, respectively. 


latencies showed the smallest increment, an 
increase of 295 msec. from 1 to 5 elements 
for the second session of Sim-5, This is 
an increase of about 50 msec. per element, 
greater than her whole range of latencies for 
judging identical patterns similar in the same 
condition, 

The latencies for comparisons in which the 
stimuli matched in some, but not all, of the 
elements were combined and are shown by | 
the broken line. The main questions con- 
cerning processing time were answered by 


a 


the all-i: 


hing and the nonmatching condi- 


tions. Therefore, the latencies are not pre- 
sented by an exact number of elements 
matchi:- per pattern. 

In general, identity judgments of these 
partial. matching stimuli had latencies the 
same «^ slightly greater than the judgments 
on all and nonmatching element stimuli. 
(Sub P.H., whose goal was accuracy, did 
have «ce extremely slow responses for some 
four ent patterns in the first session of 
Idn-^ which account for the slight hump in 
the n «n curve at that point, but her latencies 
werc ihe fastest of all Ss in the second ses- 
sion On the other hand, the average 
simil:vity judgments of patterns with some 
eleni sts matching had latencies between the 
quic: responses for all elements matching 
and ie slower responses for no elements 
mato ing. These data support serial process- 
ing with a match terminating search. Sub- 
jecis S.N. and J.D., however, had latencies 
for ome elements matching that were about 


€q'^! to latencies for no elements matching. 
There may have been some overlapping proc- 
esng in the search for a match by these 
sk led Ss (Sternberg & Scarborough, 1971). 

‘he delay condition did not have any con- 
sient effect on response time, although in 
tl.: second session of Sim-5, S.N., J.D., and 
P.D., averaged, respectively 113, 170, and 
lil msec. faster per response than in the 
ond session of Sim-0. These times are 
anall relative to the study time differences, 
however, and P.H.'s response time was 184 
msec. longer with the delay. 

Total time. "Thus, the results for study 
time and response time taken together sup- 
port the suggestion of Snodgrass (1972) 
that the improvement in decision time when 
there is a delay between stimuli seems to 
be a result of encoding that occurs during 
the delay. The Ss in the present study re- 
ported that they did use the delay for “re- 
constructing" the first stimulus in the loca- 
tion of the second in preparation for the 
comparison, 

It also appears that Ss adjusted their 
processing strategies in accordance with the 
decision requirement. As pointed out earlier, 
the major differences were in their study 
times. When responses to identical stimuli 
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in similarity and identity response conditions 
are compared, the average response time to 
stimuli with all elements matching in the 
second session of Sim-0 was 504 msec., and 
the response time to stimuli with all elements 
matching in the second session of Idn-0 was 
530 msec. The average response latencies 
to identical stimuli in the second session of 
Sim-5 and Idn-5, excluding P.H, because of 
her uncharacteristic performance on Idn-5, 
were 396 and 456 msec., respectively, Un- 
like the results of Nickerson and Pew 
(1973), identity judgments of identical stim- 
uli took, if anything, slightly longer than 
similarity judgments. (The same averages 
for P.H., however, were 832 msec. and 344 
msec.) In the Nickerson and Pew experi- 
ment the restricted study time and mask may 
have resulted in a more “degraded” image in 
the similarity condition relative to the identity 
condition. Degraded stimuli have been found 
to cause longer response latencies (Stern- 
berg, 1967). Whatever the cause of the re- 
sponse latency differences, the results of the 
present study suggest that changes in Ss’ 
processing strategies for identity and similar- 
ity judgments occur primarily in encoding, 
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MECHANISMS OF CONTROL IN MOTOR PERFORMANCE: 
CLOSED-LOOP VERSUS MOTOR PROGRAMMING CONTROL * 


ERIC A. ROY? anD RONALD G. MARTENIUK 
University of Waterloo, Waterloo, Ontario, Canada 


The generality of the closed-loop theory and the motor program theory as 
E explanations for the control of motor responses was examined. The experi- 
mental task involved 30 Ss learning to move a cursor along a track in 1 sec., 
using a fast or slow response. The methodology used to investigate this 
problem involved comparing performance, following acquisition, under 
changed or interrupted feedback conditions to a control condition in which 
feedback was the same as that in acquisition. The results suggested that 
the motor programming theory explained performance control in the fast 
response, while closed-loop theory explained performance control in the slow 
response, since only in the slow response were there large effects of manipu- 
lating feedback. These findings strongly suggest that the type of theory 


used to explain performance control depends on the type of response. 


The availability of information about 
performance is essential for the learning 
of a motor response (Adams, 1971; Bilo- 
de:u, 1969). This information is provided 
exicinsically, intrinsically, or centrally 
(Greenwald, 1970; Keele, 1968). Extrinsic 
information is provided by knowledge of 
rests (KR). Intrinsic information is 
response-produced and can be either in- 
teroceptive (e.g., proprioception) or ex- 
teroceptive (e.g., vision, audition). Central 
information involves monitoring the ef- 
ferent outflow from an ordered response 
(Laszlo & Manning, 1970; Taub, Bacon, 
& Berman, 1965). 

The use of extrinsic and intrinsic in- 
formation in motor performance has been 
incorporated into models of the human 
operator as a component in a control 
system (Craik, 1947, 1948), into models 
describing man as an engineering system 
(Chase, 1965a, 1965b; Craik, 1970; Wel- 
ford, 1968), into closed-loop models 
(Adams, 1971; Miller, Gallanter, & Pri- 
bram, 1960), and into conditioning models 
(Greenwald, 1970). Central information 
about motor performance has been de- 
scribed in efferent readiness theory (Fes- 
tinger & Canon, 1965; Festinger, Ono, 


1 This study was supported in part by the Na- 
tional Research Council of Canada. 

2 Requests for reprints should be sent to Eric A. 
Roy, Department of Psychology, University of 
Waterloo, Waterloo, Ontario, Canada N2L 3G1. 


Clarke, & Bamber, 1967), reafference the- 
ory (Held, 1961), and motor programming 
theory (Keele, 1968; Laszlo & Manning, 
1970). 

Two models which are of interest in 
this study are closed-loop learning theory 
(Adams, 1971) and preprogramming the- 
ory (Keele, 1968; Laszlo & Manning, 
1970). Both theories provide an explana- 
tion for learning and for the maintenance 
of learned performance following the with- 
drawal of KR. 

In the closed-loop learning theory, during 
acquisition, KR is used to develop a mem- 
ory trace while KR and peripheral feed- 
back develop a perceptual trace. The 
perceptual trace acts as a reference mecha- 
nism (standard) and is 5's representation 
of the correct response. As learning ` 
progresses, the perceptual trace becomes 
progressively more precise. Indeed, 
Adam, Goetz, and Marshall (1972) de- 
monstrated that the greater the amount 
of practice in acquisition, the more well- 
defined the perceptual trace. 

Following the withdrawal of KR, the 
perceptual trace becomes the performance 
control mechanism in that peripheral feed- 
back is compared to it in order to detect 
error: S continues to respond until there 
is a match between the perceptual trace 
and the feedback, at which time he re- 
cognizes the error to be minimal. Further, 
Adams et al. (1972) indicated that the 
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perceptual trace developed during acquisi- 
tion was specific to the type of feedback 
used during that period. Consequently, 
if the characteristics of the feedback were 
altered following the withdrawal of KR 
from those which prevailed during ac- 
quisition, performance deteriorated. 

The memory trace is used as a mecha- 
nism for selecting and initiating a move- 
ment. Adams (1971) considers the mem- 
ory trace to be a type of motor program. 
However, unlike the motor program in 
preprogramming theory, its importance in 
performance control is hypothesized to be 
minimal. 

In the preprogramming theory, KR is 
used, during acquisition, to develop a motor 
program while a standard is developed by 


KR in conjunction with peripheral feed- 


back. There are two hypotheses con- 
cerning the maintenance of learned per- 
formance following acquisition. The first 
states that performance is primarily under 
the control of the motor program (Keele, 
1968). The other hypothesis states that 
a central loop established during acquisi- 
tion between the motor program and the 


standard is used to indicate to S the 


accuracy of his response (Laszlo & Man- 
ning, 1970). The S compares the efferent 
command elicited by the motor program 
to the standard for error detection. It 
should be noted that these hypotheses 
possess the common tenet that feedback 
is not required for performance control 
following the withdrawal of KR. 

The similarities between the closed-loop 
and preprogramming theories are (a) both 
require the presence of KR and intrinsic 
feedback during acquisition; (b) during 
acquisition, a type of standard is hy- 
pothesized to develop in both; and (c) 
some type of control loop is involved in 
order to detect error following KR with- 
drawal. The major difference between the 


theories which is of interest in this study 


appears to be the location of the control 
loop during KR withdrawal. In motor 
programming theory, the loop is regarded 
as being central, involving a comparison 
of efferent information from the motor 


program with the standard (Laszlo & 
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Manning, 1970). In closed-lo« 
the loop is peripheral, involvin 
feedback and the perceptual trac: 


heory,. 
trinsic 
\dams, 


1971). This difference further  ggests” 
that there is a differential require «nt for 
feedback. In closed-loop theory, trinsic 


feedback is essential to perforn 
trol during this period, whik 
feedback is not necessary in pr 
ming theory. 

Since the major difference bet 
two theories appears to be in rega 
necessity of intrinsic feedback f« 
during KR withdrawal, it seems | 


con- 
rinsic - 
gram- 


n the 
*o the 
ntrol 
t the 


theory used to explain performan: con- 
trol may be dependent on the ava! bility 
of feedback during the execution f the: 
response. If a response is such tho feed- 
back cannot be used for guidance uring © 


execution, there may be a tende: v to 
develop preprogrammed control du:  : ac- 
quisition. Alternately, if feedback i» vail- 
able for guidance, a closed-loop mec!. nism 
based on feedback may develop. 

Some recent evidence by Schmid: and 
Russell (1972) bears directly on this 
problem. These authors were investi; -ting 
the relationship between the mov: sent 
time (MT) of a response and the « gree 


of preprogramming developed. They i und 
that, regardless of movement velocity, the 
shorter the MT, the greater the degive of | 
preprogramming, as indicated by the adex 
of preprogramming (Schmidt, 1972). Re- 
sponses which involved an MT of .15 sec. 
or less were completely preprogrammed, 
while responses with an MT greater than 
.750 sec. involved much less preprogram- 
ming and more attention to feedback. 
From this evidence, it follows that in a 
response that is fast (MT < .150 sec.) 
thus preventing the use of feedback for 
control, a preprogramming will result, while - 
a response that is slower (MT > 1 sec), - 
may involve a closed-loop mechanism since | 
feedback is available to guide performance. 
Two major classifications of responses that ” 
seem to exhibit this difference in the - 
availability of feedback for control are 
“slow” or self-paced and "fast" or bal- 
listic responses. A slow response is one 
which is primarily guided by intrinsic 


feedbac!- and characterized by a relatively 


long M A fast response is one in which 
feedbac. cannot be used to guide the re- 
sponse d is characterized by a relatively 
short due to the speed with which it 
is exe^;;ed. (Adams, 1971). Thus, it is 
sugge: that a slow response would be 
more ly to develop closed-loop control 
durin; .cquisition, since the longer MT 
allow r the use of feedback during 
execu On the other hand, a fast 
respo > may show a greater tendency to 
deve! reprogrammed control during ac- 
quisi due to the shorter MT. In either 
case KR withdrawal phase in the 
perf ince of the response is the period 
in wi n it is possible to delineate which 
mec əm is controlling performance. 
Thi lineation results from a considera- 
tior the differential role of feedback in 


^eory. Since feedback is proposed 
y little role in a mechanism involving 
immed control, manipulation of feed- 

by either preventing its use or 
ing its characteristics from those 
tha: prevailed during acquisition should 
have little effect. On the other hand, 
ma ::ipulations of feedback by either chang- 
in; its characteristics during KR with- 
drawal from those present during acquisi- 
tion (Adams et al., 1972) or by reducing 
feedback (Chase, Sutton, & Rapin, 1961) 
have been shown to have a detrimental 
ellect on the performance of a response 
under closed-loop control. 

It was the purpose of this study, then, 
to attempt to determine what control 
mechanism is involved in the two types 
of responses. The experimental technique 
used to determine which of these theories 
best explains learning and maintenance of 
performance in each response involved 
comparing performance, following the with- 
drawal of KR, under changed or inter- 
rupted feedback conditions with a control 
condition in which feedback was the same 
as that used in acquisition. Small dif- 
ferences between the changed or inter- 
rupted feedback conditions and the control 
condition would suggest programmed con- 
trol, while large differences would suggest 
closed-loop control. 
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METHOD 


Subjects. Eighteen male and 12 female under- 
graduate students participated as unpaid Ss. Three 
male and 2 female Ss were assigned to each of 
six groups in a systematic, unbiased fashion. Only 
right-handed Ss were used. 

Apparatus and task. The task involved moving 
a cursor on a near-frictionless 27.5-in. (69.85 cm.) 
stainless steel track in 1 sec. The cursor in turn 
was attached to a pulley system through control 
wires. A flywheel was fastened to one of the 
pulleys, which enabled tension to be added to the 
movement of the cursor. To vary tension, two 
flywheels were used: one weighing 12 oz. (.34 kg.) 
and the other 32 oz. (.91 kg.). To time the travel 
time of the cursor for the 27.5-in. movement, 
microswitches were placed at the beginning and 
end of the track. 

While Ss were performing the above task, they 
were, in one condition, made to simultaneously 
perform a secondary task, Since all Ss performed 
the movement task with their heads on a chin 
rest, an array of six lights was placed 40 in. 
(10.16 cm.) from Ss’ eyes. The array of lights 
consisted of two parallel rows of three lights, each 
light in a row 2.0 in. (5.08 cm.) apart and the two 
rows 4.0 in. (10.16 cm.) apart. The Ss’ task was 
to report the order in which the lights were 
illuminated. 

Experimental design. The experiment was divided 
into two phases. Phase 1 was the learning phase, 
while Phase 2 was the KR withdrawal or post- 
acquisition phase. In the first Phase 2 responses, 
“fast” and "slow" were defined. All Ss, regardless 
of which response they employed, learned the task 
using the heavy flywheel, which provided the high- 
feedback condition. Thus, in this phase, all Ss 
had potentially the same feedback information. 
In this phase, a 2 X 150 (Response Type X Trials) 
factorial design with repeated measures on the 
second factor was involved. 

Phase 2 was the KR withdrawal phase, and each 
of the two groups in Phase 1 was divided into 
three feedback conditions: high feedback (HF), 
where the heavy flywheel was maintained; low 
feedback (LF), where the light flywheel was used; 
and a no-feedback (NF) condition, where the 
heavy flywheel was used and Ss were required to 
simultaneously perform the secondary task. The 
design was a 2 X3 X50 (Type of Response 
X Level of Feedback X Trials) factorial design with 
repeated measures on the last factor. This phase 
involved six groups with 50 trials each. 

Procedure. The S was seated in front of the 
apparatus, with his chin on the rest, looking at 
the display panel. In this condition he was not 
able to see his hand or the movement apparatus. 
The S was instructed to remain in this position 
during the execution of the timing response, How- 
ever, he was allowed to remove his chin from the 
rest and relax during the intertrial interval (ITI) 
of 10 sec. All visual cues regarding arm move- 
ment or the movement of the cursor were pre- 
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vented, although S could view the apparatus 
during the ITI. 

The beginning of each trial was signaled by the 
sound of a buzzer. The S grasped the cursor and 
was instructed to begin his response as soon as 
possible after the buzzer sounded. Movements 


- were always done across the body in a right-to-left 


direction. The Ss using the slow response moved 
the cursor the entire length of the track, while 
those using the fast response moved the cursor 
only until their wrists came in contact with a 
flexible rubber post located at a distance of 4.0 in. 
from the starting location, after which they released 
the cursor. In both responses, S's task was to 
propel the cursor so that it traversed the distance 
of the track in 1 sec. The S returned the lever 
with his left hand. 

Five preexperimental trials without KR were 
given to each S for familiarization purposes. 
During these trials, S used the type of response 
that he was to use during the experiment. He was 
told to simply feel how the cursor moved along 
the track. 

During Phase 1, directional quantitative KR 
was given to S in .0l-sec. units, although E re- 
corded in .001-sec. units. In Phase 2 for the NF 
condition, the six lights were presented beginning 
with the start of S's movement. These six lights 
were flashed on in random order for each of the 
50 trials, with the same random order used for 
all Ss. There was a .250-sec. interval between 
each light, with each light appearing only once. 
The S was told to watch these lights while he 
attempted to maintain a 1-sec. timing response. 
Before returning the cursor during the ITI, S was 
required to recall overtly the illumination sequence 
of these lights. The E recorded any errors made 
by S in recalling this sequence.. These secondary 
task procedures insured that S's attention was 
occupied both during the execution of the timing 
response and during the ITI. Recent research 
made it seem important to utilize S’s attention 
during both these periods. Posner and Keele 
(1970), investigating verbal rehearsal, showed that 
although the encoding of a stimulus did not require 
channel capacity, any further mental operations 
such as rehearsal did, while work on closed-loop 
theory related to a ballistic response (MT < .150 
sec,) by Adams (1971) and Schmidt and White 
(1972) suggested that although S could not use 
feedback during the execution of the response, he 
was able to use the feedback from the response 
during the ITI in order to develop a perceptual 
trace. 

The findings of Posner and Keele (1970) sug- 
gested that S may be able to encode the intrinsic 
feedback from cursor movement during the execu- 
tion of the response even though he is performing 
a secondary task and cannot use the feedback at 
that time. Since this feedback may have been 
encoded, it may be used during the ITI to develop 
the perceptual trace, as suggested by Adams and 

Schmidt and White. Therefore, it was considered 


ERIC A. ROY AND RONALD G. MARTENIUK 


vi 


necessary to utilize S's attention boih d 
response execution and during the ITI. 


RESULTS 

Of primary concern in this inve- tigation 
were the effects following KR wit! drawal, 
However, consideration also ! to b 
given to the performance of all © oups at 
the end of learning. Therefore ie last 
10 trials in learning for all gro. s were 
included in the analysis. Thus, the 10j 
trials in Phase 1 and 50 trials in ‘hase 2 
made a total of 60 trial mea 


each S. 

Constant error. The mean algeb 
or constant error (CE) for six ! 
10 trials was calculated for each 5 
CE block means were analyzed in 2 
X 6 (Response Type X Type of ! 
X Blocks) analysis of variance 
peated measures on the last factor 

The analysis of variance for th: 
for CE revealed a significant mai 
of feedback, F (2, 24) — 3.39, ; 
a significant Response X Feedbac! 
action, F (2, 24) = 5.05, p < .05 
significant Response X Feedback X ^ 
interaction, F (10, 120) = 4.36, p < 

Table 1 exhibits the results in t 
the Response X Feedback inte: 
While no differences between the fc. «bac 
conditions were observed for the fist re 
sponse, post hoc comparisons using the 
Scheffé method revealed that the HF and 
NF conditions were significantly diferenti 
for the slow response (p < .05). 


E 
[1 
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TABLE 1 


EFFECT OF TYPE OF FEEDBACK ON A Fast AND SLOW 
RESPONSE IN TERMS OF CONSTANT AND VARI- 
ABLE ERROR (IN SECONDS) 


Feedback condition in KR withdrawal 


Type of response 


HF LF NF 
Constant error 
Fast 0083 | —,0075 | —.0139 
Slow —.0088 | —.0579 A116 
Variable error 1 
Fast -0566 .0789 .0569. 
Slow .0528 .0769 4041 


Note, Abbreviation: KR = p = high | 
eed! n: knowledge of results, HF 


fi , LF = low feedback, NF = no feedback. 


The sponse X Feedback X Blocks 
interact» depicted in Figure 1 demon- 
strates cite clearly the differential effects 
of mani^ulating feedback in the two re- 
sponse ‘pes. In the slow response there 
was a «ge effect of manipulating feed- 
back iv ‘hat the NF condition exhibited 
a large :»crease in positive CE, while the 
LF « ion exhibited a large increase in 
negati E. No such effect in the altered 
feedb. conditions was observed in the 
fast response. 

Varie error, The variability (SD) of 
each algebraic error scores about his 
mean ` was determined within each of 
the six blocks. The measure is referred 

„toas - viable error (VE) and was analyzed 
ina 3 X 6 (Type of Response X Type 
of Feeback X Blocks) analysis of variance 
with © peated measures on the last factor. 

Tih- analysis of variance for VE revealed 
tha: ‘here were significant main effects for 


response, F (1, 24) = 6.71, p « .05, and 
feedback, F (2, 24) = 7.41, p < .01. Also, 
ther» was a significant Response X Feed- 
bac. interaction, F (2, 24) = 7.62, p < .01. 

‘Te VE results in terms of the Response 
X ! cedback interaction are depicted in 
Table 1. Post hoc comparisons on these 
means revealed that, for the slow response, 
both the LF and NF conditions exhibited 
significantly greater VE than the HF con- 
dition. For the fast response, although 
there was a large increase in VE in the 
LF condition relative to HF, this failed 
to reach statistical significance. 

Secondary task performance. For the fast 
response, approximately 85% of the light 
sequences were recalled correctly, while 
for the slow response, 83% were correctly 
recalled. 


Discussion 


In general, these results strongly suggest 
that a different control mechanism was em- 
ployed in the fast response than in the slow 
response. This is particularly evident from 
examining Figure 1 in that, when feedback 
was altered (LF) or when S was prevented 
from using feedback (NF), a drastic change, 
relative to the control condition (HF), re- 


Sulted in the slow response but not in the . 
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Ficure 1. Effect of blocks and type of feedback 
ina fast and slow response in terms of constant error. 


fast response. Thus, although both mecha- 
nisms were equally effective in maintaining 
learned performance as evidenced in the HF 
control conditions, the relative importance of 
feedback in maintaining performance was 
markedly different for the two responses. 
For the fast response, feedback was quite 
unimportant, while for the slow response the 
availability of the same type of feedback as 
that used in acquisition was crucial. 

In terms of the fast response, the avail- 
ability of intrinsic feedback during the execu- 
tion of the response in acquisition was negli- 
gible, since an MT of approximately .150 sec. 
was involved. Previous work by Schmidt 
and Russell (1972) suggested that feedback 
could not be used to control the response if 
the MT was approximately .150 sec. Con- 
sequently, it appears that S developed some 
type of central control mechanism that was 
independent of feedback. Once the fast re- 
sponse was learned, performance was virtually 
uninfluenced by changing feedback or pre- 
venting its use. 

These results conflict with those of Schmidt 
and White (1972), who proposed that a 
closed-loop mechanism could explain the 
maintenance of performance of a fast re- 
sponse after KR withdrawal. They suggested 
that the intertrial interval was the period in 
which S could use feedback. Since this study 
occupied S’s attention both during the execu- 
tion of the response and during the intertrial 
interval (NF condition), it is unlikely S could 
have used feedback at all. 

Although the feedback manipulations had 
very little effect on the performance of the 
fast response in terms of CE, there was a 
large increase in VE in the LF condition, 
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which would appear to be due to something 
other than just changing feedback. This 
decrement could have resulted not so much 
from feedback having been changed, but 
rather because the characteristics of the task, 
which were used to develop the motor pro- 
gram in acquisition, had been changed. Thus, 
the motor program developed in acquisition 
would be inadequate to maintain performance 
during KR withdrawal since the demands of 
the task, and not just the feedback, had been 
changed. This observation suggests that VE 
may be more sensitive than CE to the change 
resulting when the characteristics of the task 
are changed. That is, changing the task 
demands may not tend to bias the response, 
as measured by CE; rather, it may tend to 
weaken the control exerted by the motor 
program. This weaker control could be ex- 
hibited in VE in the same way as VE has 
been used to indicate the weakening of a 
memory trace (Laabs, 1973). 

For the slow response, the evidence strongly 
suggests that a closed-loop mechanism was 
developed in acquisition and was subsequently 
used to control performance during KR with- 
drawal. There were large effects of manipu- 
lating feedback in this response, thus in- 
dicating a great reliance on feedback, which 
is consistent with predictions from closed- 
loop theory. 

Generally, the results for the slow response 
concur with those of Adams et al. (1972), as 
these authors, using absolute error (AE) as 
the dependent measure, found a significant 
increase in AE when feedback was changed. 
It is not possible to compare the CE and VE 
findings with Adams' AE data further than 
this as it is uncertain whether Adams' data 
reflect changes in CE, VE, or both, since AE 
is a function of CE and VE (Schutz & Roy, 
1973). 

Although the evidence strongly suggests 
that a closed-loop mechanism was involved 
in the slow response, the results for the NF 
condition may not be as clear as the data 
would suggest. That is, the secondary task 
used in the NF condition may have had a 
greater effect than just preventing the use 
of intrinsic feedback. An alternate explana- 
tion for the NF results on the basis of response 
competition seems ruled out because S was 
only required to watch the sequence of lights 
while performing the timing task and was 
not required to report it until the completion 
of the response. Nevertheless, although re- 
sponse competition is negligible, the attention 
demand of the secondary task may have been 
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large enough to not only prevent t^. use 
feedback but also to cause some :;'.:uptig 
in the performance of the timing ta Sine 
the feedback was so much a part o! he slow 


response, it would prove extreme! 
to separate out these two effects, ‘| 
while the NF results are undoubted 
to a large extent by preventing .$ fr: using 
feedback, some of the effect may a!l- be the 
result of disruption of the timing resp ise, 

In summary, the results of this ly ina 
dicate that, clearly, the type of they used 
to explain the learning and contro! -f per- 
formance depends on the type of ponse. 
When feedback was available to g: le the 
response (slow response), S used it od de- 
veloped a closed-loop or feedback-de, -ndent_ 
control mechanism in acquisition. When 
feedback was unavailable for guidance. of the 
response (fast response), it appeared hat S. 
developed a more central performance — ontrol 
mechanism in acquisition which was ot de- 
pendent on feedback. 


lifficult 
refore, 
caused 
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PERCEIVED FREQUENCY OF IMPLICIT ASSOCIATIVE RES! 
AS A FUNCTION OF FREQ 


NSES ! 
UENCY OF OCCURRENCE 


OF LIST ITEMS: 


CHRISTINE E. VEREB anp JAMES F. VOSS? 
University of Pittsburgh 


In order to study whether frequency judgments of implicit associative responses 
(IARs) vary as a function of frequency of occurrence of the word assumed to 
elicit an IAR (critical word, CW), two sets of CWs were presented in a list, 
with frequencies of CW occurrence equal to 1, 2, 4, 8, or 16 in both sets. 
Subsequently, for one set, frequency judgments of the CW items were ob- 
tained ; for the other set, frequency judgments were obtained for the IAR items 
that were presumed to have been evoked by the respective CWs. A control 
condition involved judgments of the same IAR items when the respective re- 
lated CWs were not presented in the list, The data indicated that mean judged 
IAR frequencies were approximately 1-2 regardless of CW presentation fre- 
quency, whereas frequency estimates of CW occurrence increased appreciably 
asa function of CW occurrence. This finding thus suggests that IARs do not 
tend to occur with repeated CW presentations. In addition, more Ss gave 
nonzero judgments in the IAR experimental condition than in the control; 
and of the nonzero judgments, mean frequency estimates were greater at 
frequencies of 8 and 16 in the experimental than in the control conditions. 
The latter results were interpreted in terms of an IAR recognition and fre- 
quency judgment process that suggests that an IAR occurs to the first presenta- 
tion of a CW and the S then tends to discriminate the CW from the IAR. 
Subsequent IAR occurrences tend to be very few and more likely to occur with 
a high frequency of CW presentations, thus suggesting a temporary loss of the 


discrimination. 


The purpose of the experiment reported 
here was to investigate whether frequency 
judgments of an implicit associative re- 
sponse (IAR), e.g., CHAIR, vary as a func- 
tion of the frequency of occurrence of the 
respective list word which is presumed to 
evoke the IAR, e.g., TABLE. (The term 
“critical word," CW, is used to denote the 
list word that is presumed to evoke a 
particular IAR.) To study this problem 
a list of words was presented in which two 
sets of five CWs each were presented, with 
each set having one CW with a frequency 
of 1, 2, 4, 8, or 16 occurrences. Subse- 
quently, frequency judgments were ob- 
tained for each of the five CWs for one of 
the word sets, with frequency judgments 
also being obtained for the IAR of each 


1The research reported in this paper was sup- 
ported by the National Science Foundation 
(GB30882). 'The experiment was conducted in partial 
fulfillment of the requirements for the first author's 
master's degree. 

? Requests for reprints should be sent to James 
F. Voss, Department of Psychology, University of 
Pittsburgh, Pittsburgh, Pennsylvania 15260. 
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CW of the second word set. Tius, à 
direct comparison could be made be. ween 
the frequency judgments of words th: t had 
occurred for different frequencies ard the 
IARs of words that had occurred a‘ the 
same frequencies. This type of desig was 


employed to avoid the methodological 
complications that would result from ob- 
taining frequency judgments on a given 
word and its IAR. 

Research reported to the present time, 
although not directed toward the specific 
problem of the present article, has shown 
that judgments of frequency of occurrence 
of a list word, A, can be influenced by the 
presentation of other list words (B, C 
etc.) which are assumed to evoke A as an 
IAR (Shaughnessy & Underwood, 1973). : 
The most closely related experiment (Leicht, | 
1968) involved presentation of a given C 
0, 1, 3, or 5 times and presentation of 0, 1, 
3, or 5 words that were selected to evoke 
one of the particular CWs as an IAR. 
Leicht found that both frequency of the 
CWs and the number of associated words 
of a given CW influenced the frequency 


of the CWs, thus showing that 
juency of a CW occurrence is 
en words that are assumed to 
CW as an IAR are presented. 

| be noted that, with one excep- 
“es on the judged frequency of 
-rence have always involved at 
resentation of that particular 
e list of stimulus items. The 
tion was a condition in Leicht's 
dy in which the CW was not 
nd the number of words pre- 
were associated with that CW 
or 5. Leicht reported that the 

d CW frequency was .29 for the 
issociated words presented and 
issociated words were presented. 
he magnitude of the difference 
he result nevertheless supports 
that even though a word is not 
in a list, the occurrence of items 
that word as an IAR may in- 
^ic judged frequency of that word. 
ically, the present experiment is 
ince because it relates to the 
'( whether frequency information 
; to IARs is stored in a manner 
to CW frequency information. 
theses may be stated regarding 
First, a correspondence hypothe- 


; that for every occurrence of a 
CW there is an occurrence of its IAR, and 
imated frequencies for the CWs and 


‘ARs should increase in a similar manner 
as a function of presentation frequency. 
econd, a discrimination hypothesis sug- 
ts that frequency judgments of IARs 
hould be roughly equivalent to the corre- 
ponding CWs up to a frequency of about 
or 4, and then the frequency judgments 
of the [ARs should remain constant. How- 
- ever, frequency judgments of CWs should 
ontinue to increase as a function of fre- 
uency. This hypothesis is based upon 
he research of Hall and Kozloff (1970), 
ho found that percentage false recogni- 
- tions (IARs) increased from 1 to 3 CW 
L presentations and then decreased to 5 and 
7 CW presentations. The third hypothesis 
‘is that for some reason IAR occurrences 
are not stored, or at least are not stored in 
the same way as CW occurrences, and the 
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IAR frequency estimates will be essen- 
tially zero or at chance. It should be noted 
that chance judgments were obtained in 
the present experiment by use of a control 
condition in- which the words of the ex- 
perimental condition presumed to be IARs 
were presented for frequency judgments, 
but their respective CWs were not pre- 
sented in the list; e.g., CHAIR was presented 
as a test word and its frequency was esti- 
mated, but TABLE did not appear in the 
list. The fourth hypothesis is that IARs 
occur during list presentation but not to 
each presentation of a CW. Thus, the 
more frequently a CW is presented, the 
more likely should be the occurrence of an 
IAR. This hypothesis thus predicts that 
judged frequency of IAR occurrence should 
increase as a function of CW frequency, 
but that the slope of the function relating 
IAR judged frequency and presentation 
frequency should be somewhat below that 
of the judged frequencies of the CWs. 

In addition to obtaining frequency judg- 
ments, the present experiment also mea- 
sured the latencies of the frequency judg- 
ments. The latency measure was obtained 
in order to try to develop an understanding 
of the possible process differences between 
the frequency estimates of CWs and the 
estimates of the IARs. 

Finally, at the conclusion of the fre- 
quency judgment task, a verbal discrimina- 
tion test was employed in which a given 
CW and its presumed IAR were presented 
and S was instructed to select the item that 
occurred on the list. This task was in- 
cluded in order to provide additional in- 
formation involving the discriminability of 
the CWs and their respective IARs. 


METHOD 


Design. Two variables of the experiment were 
within-S, namely, frequency, with frequencies of 1, 
2, 4, 8, or 16, and the two sets of CWs, those to be 
used in making IAR frequency judgments. The 
experimental and control conditions constituted a 
between-Ss variable. As previously stated, the 
control condition involved obtaining frequency judg- 
ments on the same words used in the experimental . 
condition, but in the control condition the five CWs 
that were presumed to elicit the IARs used in the 
frequency judgments were never presented in the 


A Non-0 
m Olncl. 


Sy are | 8 
PRESENTATION FREQUENCY 


FiGuRE 1, Mean frequency estimates as a func- 
tion of frequency for the critical word (CW) and 
implicit associative response (IAR) judgments of 
the experimental (E) and control (C) conditions. 


list. Instead, words unrelated to the IARs were 
substituted. 
Procedure. The Ss were familiarized with the 


apparatus via a practice trial in which a series of 
five single digits was successively presented tachisto- 
scopically and S was instructed to triple each digit 
as quickly as he could and say the product into the 
voice key. Immediately after the practice trial, 
the experiment was begun with S receiving a stack 
of 3 X 5 in. cards containing the list of words. 
Each S was instructed to read through the stack at 
a moderate and steady pace and to learn the words, 
and that some of the words might occur more than 
once. A self-paced procedure was employed, so that 
the general list presentation procedure was consis- 
tent with the frequency judgment procedure with 
respect to the lack of pacing. The S was not 
permitted to go back through the cards at any 
time. Reading time was recorded. After going 
through the cards, S was immediately presented the 
10 items of the frequency judgment task and was 
instructed to estimate the number of times he 
thought each of the stimulus items occurred in the 
list of words he had just read. Although S was 
aware he was being timed, the instructions empha- 
sized accuracy of judgment. The latency of re- 
sponse was recorded for each item. The order of 
presentation of the 10 words was counterbalanced 
via a 10 X 10 Latin square, with approximately 
30 sec. occurring between each presentation. 
Following the frequency judgment phase of the 
experiment, S was presented with a sheet of paper 
having 10 word pairs. Each pair in the experi- 
mental-condition consisted of the CW that was 
presented on the list and its respective IAR. In 
the control condition 5 pairs consisted of the CW 
used in testing and its respective [AR; the remain- 
ing 5 pairs consisted of the IAR words used in the 
Írequency judgment testing and their respective 
control words that were presented in the list. The 
instructions in all conditions were to circle the word 
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in each pair that had occurred more « ) than its 
alternative during the presentation of the iist, 

Matertals. The list consisted of 10 Cs and 30 
buffer words. Buffer words were employcc to insure 
that the different CWs or presentations oí ^he same 
CW were spaced in a nonsystematic manne: :nrough- 
out the list. The total number of item: presented 
was thus 92, with two CWs each o ing 16 
times, two 8 times, etc. The first and ! words 
of the list were buffer items, which w: sed to 
decrease the possibility of frequency ments 
being weighted by primary or recency fa The 
remaining buffer items were scattered ighout 
the list. The presentation of the CWs wa- andom, 
with the exception that the same wor er oc. 
curred in adjacent list positions. 

Ten CW words were chosen that ! strong 
natural language associates. The word- vere se 
lected from the Connecticut word associat? 1 norms 
(Bousfield, Cohen, Whitmarsh, & Kinc: 1961), 
the Minnesota norms (Palermo & Jenki 1964), 
and other unpublished norms (W. F, Battiy, Single- 
response free word associations for 300 mo equent 
four-letter words," personal communicatio , 1960). 
In addition, the 30 filler words selected wer neutral 
with regard to the CWs and their IARs. filler 
words were equated with CW words and ` th the 
IARs in regard to Thorndike-Lorge (1944 tural 
language frequency. The CWs, their IAR id the 
filler words were chosen to avoid formal >d se- 
mantic similarity. 

The 10 CWs of the experimental conditio : were 
counterbalanced via a 10 X 10 Latin squa: which ` 
insured that each CW appeared at each fro. uency 
in both the CW and IAR conditions. For t^ con- | 
trol condition 10 new CWs were presentes, with 
each of the 10 items matched to an exper: »ental 
condition item with respect to language fre ;uency 


and part of speech. 

Subjects. The total W for this experiment was 
200, with 100 Ss serving in both the experimental 
and control conditions. The experimental condition 
was run prior to the control condition. Ten 5s were 
run per each row of the 10 X 10 Latin square for 
the control condition. Within the two conditions, 
Ss were assigned to the respective counterbalancings 
via a table of random numbers. The Ss were intro- 
ductory psychology students who were fulfilling à 
course requirement. 


RESULTS 


Analysis revealed no significant difference 
in the time to read the word list between 
the experimental condition, M 1.95 
sec/card, and the control condition, M = 
1.99 sec/card, ¢ (198) < 1.00. 

Frequency judgments. Figure 1 presents 
mean frequency judgments as a function 
of frequency for the CW and IAR words 
of the experimental and control conditions 
The IAR zero-included functions present 
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FREQUENCY OF STIMULI AND PERCEIVED FREQUENCY OF IARs ; 


the mea: frequency judgments for the IAR 
items; te nonzero functions present the 
mean [^ } frequency judgments when zero 
judgmes's are eliminated from the mean 
values. 

Since -he CW and the IAR frequency 
judgm« were obviously quite different, as 
were th: v variances, separate analyses were 
perforn on the CW and the IAR fre- 
quency <igment data. The results of the 
CW an. ysis indicated a significant effect 
of frequ icy, F (4, 792) = 221.12, p < .01, 
with su «quent analyses revealing both a 
signific linear, F (1, 792) = 57.63, p < 
.01, anc! . significant quadratic component, 
F (4, 7°.) = 57.63, p < .01. The linear 
compon--t accounted for 93.44%, and the 
quadrati for 6.52%, of the variance. The 
effect o! condition was not significant, F 
(1,198 1.39, p > .05, nor was the 
interac: on of Frequency X Condition, F 
(4, 79°) < 1.00. The failure to find a 
signifi difference in performance as a 
functic.. of condition for the CWs was of 
course expected because the experimental 
treatn =t was essentially the same in both 
conditions. 

Analysis of the IAR zero-included data 
indicaicd a significant difference in per- 
formance between the experimental and 
contro’ conditions, F (1, 198) = 12.76, 
b < .0i, and a significant effect of fre- 
quency, F (4, 792) = 2.52, p < .05. The 


Frequency X Condition interaction was 
marginally significant, F (4, 792) = 2.09, 
b < .08. Separate analysis of the IAR 
data of the experimental condition indi- 
cated a significant linear component, F 
(1, 396) = 8.47, p < .01, while analysis 
of the control condition data revealed a 
nonsignificant linear effect, F (1, 396) < 
1.00. The IAR data thus indicate that 
mean frequency judgment for the IARs 
was greater for the experimental condition 
than for the control condition, and that 
the IAR judgments increased significantly 
over frequency for the experimental condi- 
tion but not for the control condition. 

One interpretation of the frequency judg- 
ment task is to assume that a judgment of 
zero essentially indicates that S did not 
recognize the particular word as a list 


995 


TABLE 1 


NUMBER OF Ss MAKING ZERO IMPLICIT ASSOCIATIVE 
RESPONSE ESTIMATES IN EXPERIMENTAL AND 
CoNTROL CONDITIONS AT EACH FREQUENCY 


Presentation frequency 


Condition M 
1 2 4 8 16 
Experimental 38 33 33 36 37 35.4 
Control 49 59 58 48 47 52.2 
M 43.5 | 46.0 | 45.5 | 42.0 | 42.0 


member. Moreover, it would be expected 
that the control condition should yield 
more zero judgments than the experimental 
condition, based upon the notion that the 
particular IARs occurred in the experi- 
mental condition but not in the control 
condition. The number of Ss making zero 
IAR frequency judgments at each fre- 
quency valuein both conditions is presented 
in Table 1, and, as indicated, Ss in the 
control condition consistently made a 
greater number of zero estimates, £ (198) 
= 3.24, p < .01. 

Since a number of zero judgments were 
made in both the experimental and control 
conditions, mean frequency judgment for 
nonzero judgments were obtained in order 
to determine how the zero judgments in- 
fluenced the experimental and control con- 
dition differences; these data are the non- 
zero data of Figure 1. Because of the fact 
that different Ss contributed to each data 
point within each IAR condition, separate 
1 tests were performed at each frequency 
value. At frequencies of 1, 2, and 4, per- 
formance did not vary significantly as a 
function of condition. However, perform- 
ance did so vary at a frequency of 8, 
t (114) = 187, p < .05, and at a fre- 
quency of 16, ¢ (114) = 2.97, p < .01, 
thus indicating that mean frequency judg- 
ments were greater in the experimental 
condition than in the control condition at 
frequencies of 8 and 16. 

Latency. Figure 2 depicts frequency 
judgment response latencies as a function 
of frequency for the CW and IAR judg- 
ments of the experimental and control con- 
ditions. Analysis revealed that the control 
condition yielded significantly more rapid 
responding than the experimental condi- 


e 


996 


MEAN RESPONSE LATENCIES 


PRESENTATION FREQUENCY 


FiGURE 2. Mean latency as a function of fre- 
quency for the implicit associative response (IAR) 
and critical word (CW) judgments of the experi- 
mental (E) and control (C) conditions. 


tion, F (1, 198) = 6.56, p < .05. There 
is no apparent reason for this difference, 
The effect of frequency was marginally 
significant, F (4, 792) = 2.08, p < .08. 
The interaction of Frequency X Condition 
was not significant, F (4, 792) < 1.00. 

The IAR latency data were broken down 
into latencies for zero and nonzero fre- 
quency estimates. Table 2 presents the 
means of this breakdown, with the data 
indicating a tendency for nonzero responses 
to have shorter latencies than zero re- 
sponses. Analysis of variance performed 
on the data at each frequency value re- 
vealed that with respect to zero and non- 
zero response differences and their inter- 
action with the experimental and control 
‘conditions, the only significant effect was 
at a frequency of 8, where the nonzero re- 
sponses had shorter latencies than the 
zero responses, F (1, 196) = 5.13, p < .05. 
It should be pointed out, however, that 

complications of analysis prohibited a 
simple test of zero vs. nonzero latencies 
across all frequency values. 

Verbal discrimination. Figure 3 presents 
the data of the verbal discrimination task, 
is with the ordinate values representing the 
percentage of CW choices. In the experi- 
mental condition the curve labeled CW 
depicts performance when the CW was 
presented for the frequency judgments; the 
curve designated IAR presents perform- 
ance when the [ARs were presented for 
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frequency judgments. Three aspe 
experimental condition data may 
First, as frequency increases, t! 


noted: 
proba- 


bility of a correct discrimination inc:cases, a 
result one would expect from verial dis- 
crimination (VD) frequency theor; (Ek- 
strand, Wallace, & Underwood, 196¢) ; but, 
one would expect this result on!» if the 
relative occurrence of IARs was de: : casing 
with increasing CW frequency. "ond, 
the respective use of IARs and CW» in the | 
frequency judgment task had a sub ntial 
effect upon VD performance; ind: pre- 
sentation of the IAR at a frequen. of 1 
reduced VD performance to near « ance, 
as would be expected by frequency : ‘cory, 
provided that either the CW evo! 1 the 
IAR in list presentation and the IAR 
evoked the CW at testing, or that neither 
one elicited the other. Third, for th: IAR 
data at frequencies of 4, 8, and | the 
experimental condition IARs were ; dged 
correct more often than the contro! ondi- 
tion IARs. This result is in general gree- 
ment with the frequency judgment data, 
where differences of the IAR judgmevts of 
the experimental and control conc tions 
tended to occur at the higher frequ: cies. 
Finally, it should be noted that the Fi; ure 


data are confounded by the frequency judg- 
ment tests employed ; nevertheless, the data 
are of interest in their demonstration of dis- 
crimination of the CW items from their 
respective IAR items under the experi- 
mental conditions. 


TABLE 2 


MEAN LATENCY oF FREQUENCY JUDGMENIS FOR 
ZERO AND NONZERO FREQUENCY JUDGMENTS OF 
THE EXPERIMENTAL AND CONTROL 


CONDITIONS 
Frequency 

Condition. 

1 2 4 8 16 
Experimental 
Zero .94 | 1.87 | 1.95 | 2.06 | 2.06 
Nonzero 248 | 2.09 | 2.16 | 2.30 | 223 
Control 
Zero 1.89 | 1.94 | 1.82 | 1.74 | 1.81 
Nonzero 194 | 1.96 | 1.87 | 2.09 | 2.01 


of the 4 


æ = 
sss 


TOTAL CORRECT DISCRIMINATIONS 
= 
Ss 


TAR: 
50 c 
eh Ó—Í 
l 4 P 16 


PRESENTATION FREQUENCY 


Correct discriminations as a function 
or the experimental (E) and control 
ns for the critical word (CW) and 


FIGUR: 
of freque 
(C) conc 


implicit iative response (IAR) items. 
DISCUSSION 

The important finding of the present 
experime: - is that judgments of IAR frequency 
as a fui in of CW presentation frequency 
are of ex’ «mely small magnitude, when viewed 
either on «n absolute basis or viewed relative 
to judges CW frequency. This result thus 
provides o support for the first three hypothe- 
ses meniioned in the introduction; but the 


finding does tend to support the fourth hy- 
pothesis, which stated that [ARs may occur 
but they do not occur to each presentation of 
the particular CW. Thus, theoretically, the 
finding suggests that either IAR occurrence 1s 
quite infrequent with repeated presentations 
of a particular CW or, if IARs do occur, fre- 
quency information related to their occurrence 
is not stored in the same way that CW fre- 
quency information is stored. This latter pos- 
sibility does not seem likely, however, in view 
of the significant differences in IAR judgments 
found between the experimental and control 
conditions of the present experiment, and in 
View of the fact that frequency information 
tends to be highly amenable to storage, with 
Such information being available even when 
the task does not directly involve acquisition 
of frequency information per se (Howell, 1973). 
The reasonable conclusion, therefore, seems to 
be that with repeated CW presentations, JARs 
simply do not occur with any regularity. 

. The failure to find substantial IAR effects 
in the present experiment thus raises the ques- 
tion of interpretation of the data of this study. 
The interpretation that is apparently most 
Consistent with the present data is as follows. 


FREQUENCY OF STIMULI AND PERCEIVED FREQUENCY OF IARs 
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The finding that the experimental condition 
yielded more nonzero frequency judgments 
than the control condition suggests that more 
IAR words were "recognized" in the experi- 
mental condition, thus implying that the IAR 
items presented for frequency judgments did 
tend to occur as IARs during list presentation. 
However, since in the experimental condition 
the number of nonzero “recognitions” did not 
vary appreciably with frequency, one is led 
to conclude that an IAR is probably most 
likely to have occurred upon the first presen- 
tation of a CW. If such were not the case, 
then the frequency of zero responses should be 
greater at a frequency of 1 than at the other 
frequency values, a result which did not occur. 
Thus, one is led to conclude that the greater 
number of nonzero responses found in the 
experimental condition compared to the con- 
trol condition is due to the fact that there is a 
greater likelihood of an IAR occurring to the 
first presentation of a CW in the experimental 
condition. 

The significantly greater mean IAR judg- 
ment frequency found in the nonzero esti- 
mates of the experimental condition at fre- 
quencies of 8 and 16 compared to those judg- 
ments obtained in the control condition sug- 
gests, furthermore, that given more occurrences 
of a CW, e.g., approximately seven or more, a 
particular IAR is likely to occur again. This 
finding thus suggests that following the initial 
one or two occurrences of a CW, S discrimi- 
nates the CW and IAR with respect to list 
membership, and the IAR is effectively “‘ex- 
tinguished.” However, after a number of 
additional CW presentations, the IAR may 
occur again. k 

In a similar vein, the verbal discrimination 
data suggest that as CW occurrences in- 
creased, the probability of selecting the CW 
in the verbal discrimination task increased, a 
result consistent with the generally quite small 
increase in IAR frequency judgments found 
as a function of frequency in the control 
condition. Also, the fact that the IARs tended 
to be chosen at higher frequency values more 
often in the control condition than in the 
experimental condition is also consistent with 
the notion that IARs tended to occur more 
frequently at the higher frequency values. 

With respect to the latency data, the most 
notable finding is the tendency for the zero 
judgments to be made more quickly than the 
nonzero judgments. Such a finding of course 
supports the notion that a frequency judgment 
may be viewed as a two-stage process, namely, 
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first a judgment of recognition or nonrecogni- 
tion, and then, given a judgment of recogni- 
tion, a frequency estimate of the occurrence of 
the item. 

Finally, one may note that the present data 
are not consistent with a position that states 
that IAR occurrence is a testing effect in which 
an IAR presented at the time of testing evokes 
the respective CW and a judgment of recogni- 
tion is based upon this event (e.g., Deese, 
1959). Had this been the case in the present 
experiment, one would expect that when asked 
to give a frequency judgment to an IAR item 
in the experimental condition, the IAR would 
elicit its CW and a frequency judgment of the 
CW would have been made. The data, of 
course, do not support such a prediction. 
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ULTIPLE PREDICTIONS IN CHOICE REACTION TIME: 


Responses following correct first predictions were 


a second response. Consequently, it was 
possible for Ss to anticipate the correct 
response even though the wrong stimulus 
had been predicted. However, only re- 
sponses to correctly predicted stimuli were 
facilitated. 

A number of models for choice RT have 
postulated an expectancy mechanism as a 
primary component in the determination 
of decision latencies, but few models have 
correspondence axioms that permit the 
identification of expectancy states with 
observable events, e.g., overt predictions. 
Falmagne's (1965) attention model is repre- 
sentative of two-state interpretations in 
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A SERIAL MEMORY SCANNING INTERPRETATION ! 
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University of Iowa. 
The Ss in a four-stimulus, two-response reaction time study were required 
to name the stimuli that they felt to be first and second most likely to be 
presented on each trial. 
faster than those following correct second predictions, which in turn were 
faster than responses to unpredicted stimuli. Consistent with previous verbal 
prediction results, stimulus rather than response anticipation was the main 
component of the prediction effect for both the first- and second-prediction 
data. The results also supported a previously proposed prediction axiom for a 
serial, self-terminating memory scanning model. 
Choi reaction times (RTs) following 

correct verbal predictions of test stimuli 

are sh: er than RTs following incorrect 

predic s (e.g., Bernstein & Reese, 1965). 

The | ction effect has implications for 

contes orary models of rapid decision 

makin nd memory search, as well as for 

more ral cognitive theories of behavior. 

The p csent experiment was designed to 

deteri::1e whether the effect could be ex- 

tendec ;eyond first predictions to the RTs 

for stimuli designated as second most 

likely. More specific goals included (a) 

a com;.:rison of the first-prediction effect 

to the «sual single-prediction effect, (b) an 


on of stimulus vs. response antici- 
omponents of first- and second- 
predicticn effects, and (c) an assessment of 
the implications of a second-prediction 
effect on. the nature of a hypothetical ex- 
pectancy state. 

The first two issues were attacked 
through the use of a stimulus reduction 
paradigm in a counterbalanced design re- 
quiring Ss to make both single and double 
predictions, The reduction paradigm as 
used by Hinrichs and Krainz (1970) per- 
mits the separation of stimulus and response 
components. Specifically, they paired two 
of three equiprobable stimuli with one 
response, and the remaining stimulus with 


! This article is based on a master’s thesis com- 
pleted by the first author under the direction of the 
Second author. y 

* Requests for reprints should be sent to Michael 

Hacker, Department of Psychology, University 
of Iowa, Iowa City, Iowa 52242. 


which each stimulus is either attended to 
("expected") on a given trial or it is not. 
The fact that the number as well as the 
identity of the stimuli in the attention 
state is a stochastic variable complicates 
the assignment of internal states on the 
basis of a fixed number of overt predic- 
tions. Falmagne (1968) later rejected the 
two-state model when it was found that 
the latency distributions for stimuli with 
different presentation probabilities (hence 
containing different ratios of attended and 
nonattended responses) did not display a 
simple fixed-point property characteristic 
of binary mixtures. Likewise, Hinrichs 
and Craft (1971a) found that only part of 
the reduction in mean RT to more frequent 
stimuli could be accounted for by the 
shorter latencies to correctly predicted 
stimuli and the tendency of Ss to match 
prediction and presentation probabilities. 
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Theios and Falmagne (1971) proposed a 

- multiple-state model in which stimulus 
"identification and response selection are 
"determined by a serial, self-terminating 
"scan of a memory set or stack of encoded 
stimulus-response pairs. The stack is 
reordered on a trial-to-trial basis depending 

- upon which stimulus is presented relative 
to its current set position. Furthermore, 

Theios and Falmagne proposed a corre- 
- spondence axiom by which multiple-stimu- 

lus prediction order could be interpreted 

as being isomorphic to memory stack order; 
and, consequently, mean RTs should be 
linearly related to the ordinal position of 
~ the presented stimulus in the prediction set. 
. The model has been applied, sans predic- 
tions, to the analysis of two-choice RTs 
(Theios & Smith, 1972) and to stimulus 
frequency effects in a Sternberg task 
-.— (Theios, Smith, Haviland, Traupmann, & 

~ Moy, 1973). 

In contrast to the discrete state model, 
Geller and Pitz (1970) proposed an ex- 
~ pectancy continuum, based on their finding 
that the prediction effect increases slightly 
over runs of successive correct predictions 
and decreases over runs of incorrect pre- 
dictions. The notion of an expectancy con- 
tinuum is also compatible with latency 
models for signal detection tasks in which 
predictions might reflect criterion shifts 
(cf. Smith, 1968). If expectancy is a 

‘continuous variable, then there is no reason 
to limit predictions to the acquisition 
p of ordinal information. However, Geller 
3 and Pitz found that RTs were constant 
across confidence ratings given to single 
predictions. 

In order to examine some further im- 
plications of expectancy theory for choice 
RT, the present experiment extends the 
". verbal prediction paradigm by requiring Ss 
to make two predictions. In the following 
esults and discussion, the extended para- 
igm is considered at two levels. First, the 
evidence for a second-choice prediction 
effect is examined. Previously developed 
techniques (Hinrichs & Krainz, 1970) for 

separating mean RT prediction effects into 
stimulus identification and response selec- 
tion and execution components are applied 
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to second as well as first predict: At 

the second—more theoretical—leve!, a ra- 

tionale for multiple predictions is presented 

which invokes a memory scanniny model 

and the special correspondence : | sug- 

gested by Theios and Falmagne (1*' 1). 
METHOD 

Subjects. Twelve introductory p: y stu- 
dents served as Ss to fulfill a cou rc ment, 
Participation was restricted to righ nc 7s not 
more than 25 yr. old. The 4 males and 8 fc: were 
assigned proportionally to two 6-meml oups. 
These were designated Groups I and II, &«; ending 
upon whether Ss made one or two predi S, re- 
spectively, during their first session. An tional 
S, originally assigned to Group II, was disi d for 
failure to follow instructions. 

Stimuli and apparatus. The stimuli > the 
letters B, J, Q, and X. These consona: : were 
drawn from separate quarters of the alpha in an 
effort to minimize potential alphabetically dered 
scanning biases. The letters are among 0e six 
least frequent in the Underwood and Schu! 1960) 
count and are relatively low in visual conf- ~bility 
(Nealis, Engelke, & Massaro, 1973; Tc asend, 
1971b). Two stimuli were assigned to eac'. of the 
two microswitch response keys. To furthc ıhibit 
natural order scanning biases, responsi witch 
labels were printed in reverse alphabetic order. | 
Hence, one S in each group was assigned to one of 
the six possible pairings (JB-XQ, QB-X J, 3-9], 
XJ-QB, XQ-JB), so as to balance stimi:!.s-re- 
sponse position assignment. 

The stimuli were presented on a Monsant MDA 


111 Alphanumeric Display Assembly, whi) was 
mounted at eye level approximately 50 cm. in front 
of the seated S, who was isolated in a sound attenu- 
ating chamber. Predictions were transmitted by | 
intercom and hand recorded by E. The presentation ' 
of stimuli and the recording of response latencies to 
the nearest millisecond were controlled by a solid 
state logic system. 

Procedure. The two sessions for each 5 were 
administered on consecutive days and were counter- 
balanced so that Group II and Group I Ss made one 
and two predictions, respectively, on the second day- 
The same sequences of stimuli were used for all Ss 
and for both sessions. These consisted of a block 
of 40 practice trials and two blocks of 168 test trials, 
both immediately preceded by 8 additional warm-uP 
trials. Presentations of the three blocks were 
separated by rest periods of approximately 4 min. 
Within each block, equal numbers of each stimulus 
were presented in a randomly permuted sequence: 
The Ss were not initially informed about the 
structure of the sequences. 

The Ss were instructed to keep their indet 
fingers on the two switches at all times and to re- 
spond to each stimulus presentation by pressing the 
corresponding switch as quickly as possible without 
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rrors. The S's response terminated the 

esentation and initiated a 4-sec. inter- 

interval, which was bisected 2 sec. later 
tof a 50-msec. tone. The tone served asa 
or S to name the stimulus or the two 
order) that he perceived as most likely to 
d on the next trial. 


making 
stimulus 
stimulu 
by the c 
remind: 
stimuli 

be pre: 


tESULTS AND DISCUSSION 


The ‘llowing analyses are divided into 
two s ms. The first division follows 
Hinric ind Krainz (1970) in their use 
of a s: iulus reduction paradigm to sepa- 
rate ulus and response anticipation 
effects. Separate analyses are presented 
for fire and second predictions. In the 
second Jivision, the: means and variance 
of the -bserved latency distributions are 
investi «ed as a function of prediction 
order ., hypothesized memory stack 
positic 

Pri o these analyses, RTs exceeding 
1,750 «usec. or associated with response 
errors were discarded from the raw data. 
The rall error rate on test trials was 
1.89%, and only .09% of the RTs exceeded 
the cv off for excessive delay. An additional 
.22% -i the responses were lost as a result 
of apparatus malfunctions. A two-way 


(day and group factors) of the 
uencies failed to yield any signifi- 
rences (p > .05). No predictions 
were lost and subsequent analyses of pre- 
diction frequencies were based on the entire 
data set, including predictions followed by 
| respor 


€ errors. 


Stimulus vs. Response Prediction Effects 


Prediction frequencies. The proportion of 
the trials on which the stimuli B, J, Q, and 
X were given as first (second) predictions 
were .254 (.244), .244 (.240), .250 (232), 
and .252 (.264), respectively. Probability 
matching has been reported for single pre- 
dictions (Hinrichs & Craft, 1971a, 1971b; 
Hinrichs & Krainz, 1970). The extension 
of matching to second predictions might be 
used to account for part of the stimulus 
frequency effects that Hinrichs and Craft 
(1971a) observed for “‘unpredicted”” stimuli 
In a three-stimulus, single-prediction design 
with unequal presentation frequencies. 


'AL MEMORY SCANNING IN CHOICE RT WITH MULTIPLE PREDICTIONS 1001 


Specifically, they observed shorter RTs for — 


the more probable of the two unpre- 
dicted stimuli, suggesting covert secondary 
prediction. 

The relation between the two stimuli 


predicted when two predictions were re- .— 


quired is of some interest and could po- 
tentially influence the RT results. For 
example, a predominance of stimulus pre- 
dictions where both stimuli are associated | 
with the same response may suggest a 
serious constraint in any hypothetical 
memory scanning process. The overall, 
relative two-prediction frequencies were 
approximately equal: for stimuli mapped 
to the same response, .312; for stimuli 
holding the same position on different re- 
sponse labels, .353; and for stimuli holding 
complementary positions on different re- 
sponse labels, .335. There were biases for 
predicting particular stimulus pairs at the 
individual S level, but no relationship be- 
tween those biases and the choice RTs 
could be detected. 

First predictions. 
outcome of the first or only prediction, the 
data for each S were partitioned into 16 
response categories. These categories are 
the cross product: of two four-level factors, 
letter presented and prediction outcome. 


The levels of the letter-presented factor . 


corresponded to the presentation of one 
of the four stimuli—B, J, Q, X. Levels of 
prediction outcome were determined by the 
following coding scheme applied to the 
first predictions. Latencies associated with 
correct predictions were assigned to the 
first level. If the predicted stimulus was 
not presented but was mapped to the same 
response as the presented stimulus, then 
the RT was assigned to the second level 
of prediction outcome. The third and 
fourth levels depended upon the ordering 


of the stimuli on the labels attached to hi 


each response key. Thus, if a prediction 


was incorrect for both the stimulus and - 


the response, but the predicted stimulus 
held the same position (right or left) on 
the incorrect response label that the pre- 
sented stimulus held on the correct re- 


sponse label, then the RT was assigned to - 


the third prediction outcome level. If 


« 


Depending upon the 


Io i al MN 


TABLE 1 


~ MEANS AND STANDARD ERRORS (IN MSEC.) OF 
ĪNDIVIDUAL MEAN REACTION TIMES AS A 
FUNCTION OF PREDICTION OUTCOME 
FOR SINGLE, FIRST, AND 
SECOND PREDICTIONS 


Prediction outcome levels 


Group 1 2 3 4 
M | SE | M | SE| M | SE| M SE 
Single prediction 
I 537 | 21 | 668 | 14 | 674 | 21 | 665 17 
Il 494 | 18 | 670 | 40 | 661 | 38 | 650 37 
First prediction 
I 516 | 15 | 570 | 20 | 588 | 20 | 588 25 
t I 561 | 24 | 712 | 33 | 673 | 33 | 681 32 
M 
à Second prediction 
I 548 | 21 | 613 | 25 | 594 | 22 | 588 23 
Il 626 | 28 | 718 | 36 | 726 | 34 | 722 35 


«Levels of prediction outcome correspond to (1) stimulus 
correct, (2) response correct, (3) congruent label position, and 
(4) incongruent label position. 


. none of the above conditions applied (viz., 

the predicted stimulus held the comple- 
mentary position on the wrong response 
label), the RT was assigned to the fourth 
level. These last two levels are somewhat 
arbitrary, but they do equate response 
opportunity for statistical convenience and 
permit a sensitive assessment of possible 
response biases attributable to learned label 
positions. 

With the inclusion of day and group 
factors, a four-way analysis was performed 
on the mean individual latencies. The 
main effects for letter presented and group 
were not significant, both Fs < 1. The 
prediction outcome and day factors were 
both significant, F (3, 30) = 40.15, p < 
.001, and F (1, 10) = 8.68, p < .005, re- 
spectively. None of the interactions were 
significant except for Prediction Outcome 
X Day X Group, F (3, 30) = 5.49, p < 
005. The cell means for each prediction 
= condition, collapsed over particular stimu- 
- lus letters, are presented in Table 1. 

It is evident from Table 1 that stimulus 
rather than response prediction was the 
source of the prediction outcome effect, 
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extending Hinrichs and Krainz' (1970) 
finding to four equiprobable stimu. This 
observation was supported by nulus 
prediction contrast used to com. e the 
mean RT for Level 1 with the r ns for 
the last three levels of prediction ©: come. 
Stimulus prediction was significa F (1, 
30) = 120.00, p < .001, while th« idual 
component of prediction outc was 


negligible, F (2, 30) < 1. Hence t > was 


no facilitation for response pred: on or 
congruent label positions. The i:  rpre- 
tation of the sequentially confou:: Pre- 
diction Outcome X Day X Grou: inter- 
action is less clear, but the Stim Pre- 
diction X Day X Group con nent, 
F (1, 30) = 15.65, p < .001, accou ed for 
95% of the variance. The di- epant 
values for Group 1, Day 2 Ss are | is ac- 
counted for by a shift in magnitud. rather 
than a shift in the form of the pr. iction 
outcome effect. There was no ! ween- 
groups difference in a separate an. «sis of 
the first day's data, F (1, 10) < | — Con- 
sequently, the interaction is att table 
to the faster responses to incorre: pre- 
dicted stimuli when Ss transfer {i the 
more difficult two-prediction condi on to - 
the single-prediction condition. 

Second predictions. All of the «»rrect 
first-prediction latencies were ex !uded 


from the data prior to the analysis of the 
second predictions. The remainin. data 
were repartitioned according to the pre- 
diction outcome scheme outlined above; 
except that assignments were made with 
respect to the outcome of second rather 
than first predictions (see Table 1). Only 
the prediction outcome effect and the Pre- 
diction Outcome X Group interaction were 
significant, F (3, 30) = 29.51, p < 001, 
and F (3, 30) = 3.62, p < .05, respectively. 
Again, the (second) stimulus prediction 
component was significant, F (1, 30) — 
87.29, p < .001; but the residual was not, 
F (2,30) < 1. The same was true of the 
Stimulus Prediction X Group contrast 
F (1, 30) = 8.16, p < .001, and its residual; 
F (2, 30) < 1. 

These results indicate the existence of à 


previously unexplored facilitatory effect for 


correct second predictions. As with first 
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(or single) predictions, the effect appears 
to be primarily one of stimulus anticipation 
rath than response preparation, and it 
was . vnificantly reduced in the Group 1, 
Day : data. 
Pred: ‘ion Order Effects 

T! relative strength of the first- and 
sec prediction effects is a critical issue. 
It í vs from the self-terminating, serial 
scat model that mean RT is a linear 
fun: of memory stack position. Given 
The nd Falmagne's (1971) correspond- 
enc iom, multiple-stimulus predictions 
cai sed to specify scanning orders so 
th. ect statistical test of the proposed 
line lationship is possible. Conse- 
que ,, the individual data were reparti- 
tion.’ according to the stimulus presented 
and iether the first, the second, or 
neit prediction was correct. The first 
two -vels of this latter prediction order 
fact^ correspond to the first two memory 
stac positions, while the expected position 
of t . third level is 3.5, assuming a func- 
tion’ memory capacity of four elements 
con:s;-ient with the findings of Theios et al. 
(1972) 


A ‘three-way analysis of variance (Pre- 
dictio Order X Letter Presented X Day) 
inducted on the individual mean 
es of the partitioned two-prediction 
Note that there is a perfect correla- 
tion between the day factor and the ex- 
clude! group factor in the present analysis; 
viz., Day 1 and Day 2 correspond to Group 
II and Group I, respectively. The pre- 
diction order effect was significant, F (2, 
20) = 42.52, p < .001, as was the Predic- 
tion Order X Day interaction, F (2, 20) 
= 4.65, p < .025. None of the other main 
effects or interactions were significant, 
P > .05. Linearity was evaluated by 
breaking down the prediction order effect 
and the Prediction Order X Day interac- 
tion into linear and quadratic components. 
Only the linear components were signifi- 
cant, F (1, 10)=53.04, p < .001, and 
F (1, 10) = 5.76, p < .05, respectively. 
The F values for the quadratic components 
Were both less than 1. The interaction is 
plotted in Figure 1. 
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Figure 1. Mean reaction time as a function of 
day (group) and expected memory stack position 
as inferred from prediction order. (Linear regres- 
sion was used to fit the mean data points and to 
calculate 95% confidence intervals.) 


Regression analyses on the individual 
data, collapsed across letter presented, 
produced significant linear increases for 
all but one S. None of the quadratic com- 
ponents were significant, Based on individ- 
ual estimates, the mean slopes (which can 
be interpreted as memory scanning rates) 
for Groups I and II, 34 and 65 msec., re- 
spectively, differed significantly, ¢ (10) = 
2.24, p < .05. However, there was no 
sequential practice effect for the mean 
intercept estimates, 480 and 493 msec., 
t (10) < 1. 

While the present data are consistent 
with an ordered, self-terminating scan, 
they contradict Theios et al.'s (1973) less 
essential reordering axioms. Specifically, 
Theios et al. assumed that the coded repre- 
sentation of a presented stimulus can only 
move forward in the memory stack with 
some specified probability but never back- 
ward. If predictions are held to reflect 
stack position as in the present study, then 
a correctly predicted stimulus must be 
predicted again on the next trial, since the 
stimulus representation must maintain its 
position or advance. In fact, however, 
there was only a 23% chance of a correct 
first prediction being repeated, and a 42% 
chance of a correct second prediction being 
given as either a first or second prediction 
on the next trial. This result may be 
related to the use of a lengthy interstimulus ` 
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interval, necessary for the production of 
erbal predictions but tending to yield 
negative recency effects for stimulus repe- 
‘tition (Keele, 1969). 

Finally, the serial processing model gene- 
‘rates nonparametric predictions relating 
‘to the variances of the prediction-con- 

tingent latency distributions. Assuming 
‘that each element of the stack is indepen- 
dently scanned, distribution variances 
should be constant or linearly increasing 
across stack positions, depending upon the 
relative invariance of the single-element 
scanning time. However, for the mixed dis- 
tribution (Positions 3 and 4) representing 
-unpredicted stimuli in the present study, 
there should be a sizable increment in the 
variance equal to one fourth the square of 
the expected single-element scanning time 
(see Hacker, 1973). For the present non- 
asymptotic performances, the observed 
variances were unstable and no-significant 
differences were obtained. The means of 
the observed individual variances were in 
the expected direction, however, with 
values of 16,200, 16,800, and 18,800 sq. 
msec. for first, second, and unpredicted 
stimuli, respectively. Thus the data are 
sufficient to support additivity but not in- 
dependence, a situation previously dis- 
cussed by Sternberg (1969). 


Hs 
Conclusions 
The major finding of the present experi- 
ment is a reduction in the mean response 
“latencies to stimuli that are given as the 
second of two verbal predictions as com- 
pared to the RTs following unpredicted 
stimuli. While the second-prediction effect 
is smaller than the first- or single-prediction 
effect, it appears to be functionally similar. 
- That is, a perceptual or stimulus component 
of the decision process is implicated rather 
_ than the potentiation of a specific response 
set. Given Theios and Falmagne's (1971) 
correspondence axiom, the assumption of 
a self-terminating memory search serves to 
integrate these findings, and is supported 
—by the linear relationship between mean 
RT and prediction order in the present 
data. Alternative views such as an ex- 
- pectancy continuum (Geller & Pitz, 1970) 
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or a single expectancy state with »;:ltiple 
occupancy (Falmagne, 1965) could account 
for the monotonic increase in mean RT 
with prediction order, but such msċels do 
not yield a parameter-free predi ion of 
linearity. 

To the extent that the predictio: effect 
is synonymous with expectanc) echa- 
nisms in choice RT and compa: with 4 
the memory scanning interpretat» >, fur- 
ther extension and refinement the 
prediction technique may elucidat eral 
contemporary issues in the inf tion 
processing literature. For exampl gher 
order expectancies could account the 
faster responding to the more freqgvent of 


the two unpredicted stimuli in ! richs 
and Craft’s (1971b) three-stimulu: 

prediction. study. Furthermore, 

ability of the Theios et al. (1975) 
to account for negative recency : 
that multiple-prediction protocols 

helpful in the formulation of alte 
stack-reordering axioms. Future g 
clude the extension of the predictio: 
to three or more ordered prediction 
a range of stimulus probabilities a 
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sizes. Such data would greatly eonance 
support for the self-terminating m«mory 
scanning hypothesis if linearity w« ob- 
tained. Ultimately, the use of m: itiple 
predictions to specify scanning orders 
could provide a definitive tool foi the | 
difficult task of identifying seria! and i 


parallel processes (Townsend, 197 1a, 1972). 
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EFFECTS OF CONTEXT AND IMAGERY ON ORIGIN^A: 


6-101. 


AND INTERPOLATED LEARNING: 


CONFUSION OF LIST MARKERS, OR REDUCTION 
OF INTERFERENCE? ! 


D. McNICOL? anp J. J. GOSBELL 
University of New South Wales, Kensington, New South Wales, Australia 


Two experiments investigated changes in interference as a function of dif- 
ferences between original learning (OL) and interpolated learning (IL) in an 
A-B, A-C paradigm. In Experiment I, the contexts of OL, IL, and the 
recognition tests were varied, and it was found that similar OL and IL con- 
texts reduced discrimination between OL and both IL and extralist (EX) 
items. Changes in recognition context did not affect performance. In Ex- 
periment II, OL and IL lists were learned by rote or with visual imagery. 
It was found that OL-IL and OL-EX discrimination was better when OL 
occurred with imagery, and that OL-IL and OL-EX discrimination was 
worse when IL occurred with imagery. The results supported an interference 
model which postulates suppression of OL responses during IL, rather than 
a list marker model which assumes that similarity in OL and IL results in 


It is generally agreed that the extent to 


i which original learning (OL) is interfered” 


with by interpolated learning (IL) or ex- 
traexperimental associations depends on 
other factors besides the strength of these 
competing associations (Postman, 1963). 
Underwood (1969) has argued that items 
learned in the laboratory are coded for 
attributes such as the occasion on which 
they were learned, their modality of pre- 
sentation, and the context in which they 
_were presented, and that these are potential 
cues for discriminating relevant from irrel- 
evant responses at the time of retrieval. 
Thus if IL occurs in a different physical 
context from OL, less interference occurs 
than if both lists were learned in the same 
context (Bilodeau & Schlosberg, 1951; 
Greenspoon & Raynard, 1957), because 
different contextual features associated 
with the lists allow better discrimination 
between responses appropriate to OL or IL. 
The question to be examined here is what 
mechanisms are responsible for the better 
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confusions about list membership at the time of retrieval. 


discrimination of responses learned |: dif- 
ferent contexts? 

The first possibility, which will b- -alled 
the simple confusion model, is b. d on 
Anderson and Bower's (1972) mo | for 
free recall, and could also be used to: plain 
why interference is reduced whe: A-B 
and A-C pairs are learned in differe:. con- 
texts. It assumes that contextual el: nents 
are associated with list markers, whi h are 


attached to items in a list. Marks for 
different lists may have some elements in 
common, and not all items in a list may be 
tagged with its list marker, so that success 
in discriminating which of Responses B and 
C came from OL, and which from IL, will 
depend on (a) the confusability of the OL 
and IL list markers, and (b) the likelihood 
that the learning process resulted in items 
in the lists being tagged with their markers. 
In experiments like those cited above, 
where degree of OL was held constant but 
where IL context was varied, factor a is 
more likely to be an important determinant 
of successful retrieval than factor 5. 

The second possibility is a modification. 
of interference theory proposed by Post- 
man, Stark, and Fraser (1968). This iB 
the response-set interference hypothesis 
which states that the more similarity there 


is between OL and IL lists, the more likely , 
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it is th L responses will be activated 
during When such responses are 
aroused y are suppressed, so that when 
the time ies to retrieve the OL responses, 
they wi t be readily available. This 
suppres comes about by the establish- 
ment o! re and more restrictive criteria 
for res; : selection, aimed at arousing 
only IL onses and eliminating OL re- 
sponses ing IL learning. If OL and IL 
context similar, the criteria for IL 
response Jection will be more restrictive 
than ií contexts are different, so more 
suppres will occur. In subsequent re- 
call of G- responses, the criteria used for 
selectin; responses will tend to persist ; 
and the | cater the suppression of OL re- 
sponses, ne more difficulty will be en- 
counter. in shifting back to criteria for 
selecting L responses, 

The lem of discriminating OL, IL, 
and ext t (EX) items can be represented 
in term- of a statistical decision theory 
model |. that proposed by Anderson and 
Bower 72). It assumes that each OL, 
IL, an x item can be located on a con- 
tinuun ikelihood that it occurred in the 
OL list: The OL items will generally be 
located ';rther up this continuum than IL 
or EX coms, and IL items will generally 
fall above EX items because their learning 
will involve some contextual elements in 
commo: with OL items. Nevertheless, 
there be considerable overlap between 
the distributions for OL, IL, and EX items. 


One reason for this, which has been sug- 
Sested by Anderson and Bower, is that 
Some OL items may not receive list markers, 
So that the OL distribution may comprise 
two populations, those of marked and un- 
Marked items, Thus when S comes to 
decide whether a particular item occurred 
in OL, he will have to select an arbitrary 
Cutoff point on the continuum, so that if an 
item falls above it, he judges it to have 
Come from the OL list; otherwise cs 
Judged as being either an IL or EX item. 
f confidence ratings are given instead of 
yes-no decisions, it becomes possible to 
use signal detection methods (Green & 
Swets, 1966) to assess changes in dis- 
criminability of OL, IL, and EX items, 
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when the OL and IL contexts are similar. 
or dissimilar, 

If the simple confusion model is correct, 
making the OL and IL contexts more 
similar will result in IL list markers be- 
coming more confusable with OL list. 
markers. This is tantamount to moving the - 
IL distribution up the continuum toward - 
the OL distribution, but the relationship 
between the OL and EX distributions - 
should be unchanged. On the other hand, 
if the interference model is correct, similar 
OL and IL contexts should result in more 
suppression of OL responses, and a stronger 
tendency for the criteria for selecting IL — 
responses to persist at the time of re- 
trieval. Thus OL responses will be less 
likely to be recognized as belonging to the 
OL list, because the continuum on which- : 
they are being assessed in based more on - 


criteria for likelihood of IL than OL ; 


membership. This is equivalent to moving 

the OL distribution down the continuum — 
toward the IL and EX distributions, but 

the relationship between the IL and EX 

distributions should be unchanged. This 

way of representing the model also allows 

it to be tested in a recognition task, al- 

though Postman et al. (1968) developed 
it in the context of a recall experiment. If 
S is shown OL, IL, and EX recognition 
items, and asked to give confidence judg- 
ments that they came from the OL list, 
this is effectively asking him to match the 
items against the current criteria for re- 
sponse selection. The data from such a 
task can then be used to find signal detec- 
tion measures of discrimination between 
OL, IL, and EX items, which should indi- 
cate whether the hypothesized distribution 
shifts have occurred. 

The confusion model and interference 
theory also make different predictions about 
another problem, that of the role of imagery 
in learning. Bugelski (1968) found that 
Ss who used imagery in an A-B, A-C, A-D 
paradigm recalled all lists better than Ss 
who learned by rote. He attributed this to 
lessened interference for imagery Ss. The 
result could be predicted by the confusion 
model on the basis that imagery is an 
effective way of providing items with dis- 
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tinctive list markers, thus allowing reliable 
iscrimination of list membership at the 
ime of retrieval. Consider the application 
‘of this line of thinking to an experiment 
using an A-B, A-C paradigm, where im- 
agery and rote learning are used in OL and 
IL to give four conditions: imagery (I) in 
‘both OL and IL (1I), imagery in OL only 
(IR), imagery in IL only (RI), and rote 
(R) learning in both OL and IL (RR). If 
Ss are asked to discriminate OL from IL 
items in a subsequent recognition test, then 
“the confusion model predicts that II, IR, 
and RI conditions should yield better dis- 
‘crimination than the RR condition. The 
model also predicts that OL items learned 
with imagery should be discriminated from 
EX items better than OL items learned 
- by rote. 

~~ If the same experiment is looked at from 
the point of view of interference theory, a 
: different set of predictions emerges. Mc- 
. Nicol and Ryder (1971) have suggested 
.. that as imagery increases hits and reduces 
- false alarms in recognition memory, it has 
.— the effect of strengthening responses in the 
OL list, and extinguishing irrelevant re- 
- sponses to a greater extent than does rote 
"learning. Thus the use of imagery in the 
. OL phase of the A-B, A-C paradigm 
- should produce good discrimination be- 
tween OL and IL, and between OL and EX 
items in a subsequent recognition test. 
However, the use of imagery in IL should 
cause more weakening of OL responses, 
š whether they were learned by imagery or 
not, so that they will be less available at 
Si the time of testing by comparison with OL 
items whose subsequent IL list was learned 
by rote. 


EXPERIMENT I: EFFECTS OF CONTEXT 
ON INTERFERENCE 


- Method. 


Stimuli. The stimuli were three lists of pai 
associates (PAs), the OL list, the IL list, Mice 
“recognition list. The PAs were noun pairs drawn 
from the A and AA classes of the Thorndike-Lorge 
(1944) count, with the first and second member of 
each PA chosen so as not to form an obviously 
` familiar association. The 100 stimulus terms 
in each list were the same, but the response 
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ose in the 
response 
had ac- 


terms in the IL list were different from t 
OL list; while in the recognition list, 
terms were paired with the stimuli w! 


companied them in the OL list, 25 re es were 
paired with the stimuli which had ac-cmpanied 
them in the IL list, and 25 were EX res; +s which 
occurred in neither the OL nor IL 

Procedure and subjects. Stimuli esented 
visually at a rate of 1 PA/3.5 sec | Kodak 
Carousel projector, with the nouns appearing in 
black uppercase letters on a white ! ground, 
Contextual changes were effected in tw ys, (a) 
by projecting another slide onto the scr: iile the 
stimuli were presented, and (5) by p! tape- 
recorded background noise or music ng the 
presentation of a list. In this way, t ferent 
contexts were created : Context A, whic Dali's 
“Sjayemarket with Disappearing Bust « Itaire" 
as the background slide, and continuous wlte noise 
as the background music; and Context which 
used horizontal colored bands as the b round 
slide, and Schumann's “Macherbilder” as back- 
ground music. The background slide > pro- 
jected through blue filters to equate their br'xhtness, 
and to sharpen the stimulus words pres ] over 
them, while the background noise and music Were 
equated for intensity by adjusting their |;vels to 
give approximately the same readings on t! lume 
unit meter of the tape recorder. A partic: "ar Cone 
text was present while all PAs in a list w being 
shown, thus creating eight experimental co itions, 
AAA, AAB, ABA, ABB, BBB, BBA, B and 
BAA, of OL context, IL context, and reco znition 
context. The experiment thus conforme:: to @ 
2x2 X 2 X 2 factorial design of OL cont: (Con- 
text A or B), learning context (OL and iL in the 
same or different contexts), recognition ntext 
(recognition in the same or different con':xts as 
OL or IL), and recognition item type | vhether 
OL items were to be discriminated from li or EX 
items). Subjects were nested under levels of the 


first three factors, and the last factor involved 
repeated measures on Ss. 

Before the experiment began, 5s were told that 
they would be shown lists of 100 PAs which they 
were to learn. Then, for purposes of illustration, 4 
PAs similar to those used in the experiment were 
presented at the rate at which they were to occur 
in OL and IL. The OL and IL lists followed, with 
the background slide and noise being presented with 
the first PA of a list. In the recognition phase Ss 
were given response sheets requiring them to rate: 
each PA in the recognition list on a 4-point scale 0! 
certainty that it came from the OL list. They were 
told that the stimulus terms would be the same as in 
the OL and IL lists, and that some of the response 
terms would be old ones from OL, while others 
would not. 

The Ss were 144 students from an introductory 
psychology course at the University of New South 
Wales. They were allotted to one of the eight 
experimental conditions described above, with 18 5 
in each condition, Members of each group of 
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were ‘ested in subgroups of 5 or 6 which came to the 
labore tory on different days. 


Resi 


H:* rates were found by converting con- 
fide: ce judgments of OL recognition pairs 
to c:mulative probabilities in the normal 
fasi on (Green & Swets, 1966), and judg- 
me: ‘s of IL and EX recognition pairs were 
use in a similar way to find two sets of 
fal- alarm rates. These are shown in 
Ta ie 1. An analysis of variance was 
cai ied out on hits for each of the three 
crieria on the rating scale, the factors 
beng OL context, learning context, and 
recognition context. Criteria 1 and 2 gave 
a ignificant main effect due to learning 
co:text, F (1, 136) = 3.95 and 5.11, re- 
sp. tively, p < .05, showing that higher 
hit vates were obtained when OL and IL 
oc: ¿ered in different contexts. 

: analysis of variance was also carried 
ou: on false alarms from IL and EX pairs 
for «ach of the three criteria on the rating 
sco, the factors being OL context, learning 
context, recognition context, and recogni- 
tio: item type. Criteria 1 and 2 gave a 
significant main effect due to recognition 
item type, F (1, 136) = 54.33 and 36.87, 
respectively, p < .01, showing that IL 
recognition pairs gave higher false alarm 
rates than EX recognition pairs. 

Discrimination of OL items from other 
items in the recognition list was measured 
by P(A), the proportion of the area beneath 
the receiver operating characteristic (ROC) 
curve, obtained by plotting the hit prob- 
ability for each criterion against its corre- 
sponding false alarm rate (Green & Swets, 
1966). As separate false alarm rates were 
obtained for IL and EX PAs, two P(A) 
values were obtained for each S, the first 
showing the degree of discrimination be- 
tween OL and IL items, and the second, 
the degree of discrimination between OL 
and EX items, The P(A)s for the varios 
experimental conditions are shown in Table 
2. The arc sine transformations of these 
Scores were subjected to an analysis of 
variance with the factors OL context, learn- 
ing context, recognition context, and recog- 
nition item type. There was a significant 


MY 


TABLE 1 


? 


Hir Rates, AND FALSE ALARMS FOR IL AND EX RE- ; 


COGNITION ITEMS, FOR THE THREE CRITERIA IN 
THE EIGHT CONTEXT CONDITIONS 


Cri- Context condition 
ter- 
ion AAA | AAB | ABA | ABB | BBB | BBA | BAB | BAA 
Hit Rates 
1 | .27 | .28 |.32 |.31 | .27 | .28 | .34 | .33 
2 |.44|.80 |.53 | .53 | .48 | .47 | 49 |.52 
3 |.79 | .79.| .78 | .79 | .78 | .75 | .77 |.80 
False alarms from IL 
1 | .26 | .26 | .26 | .19 | .22 | .25 | .30 | .24 
2 | .45 | .48 | .44 | .46 | .38 | .44 | .44 | .41 
3 | .78 | .77 | .70 | .74 | .75 | .72 | .73 | 70 
False alarms from EX 
1 | .20 | 19 | 17 | .16 | 213 | .13 | .15 | .13 
2.|.39 | .44 | .36 | 36 | .34 | .32 | .29 |.32 
3 |.76 |.80 |.69 | .74 | .68 | .71 | .70 |.68 


Note. Abbreviations: IL = interpolated learning; EX = ex: ` 


tralist, 


main effect due to learning context, F (1, 
136) = 9.01, p < .01, showing that OL 
items were better discriminated from IL 
and EX items when OL and IL occurred 
in different rather than the same contexts. 
There was also a significant difference due 
to recognition item type, F (1, 136) = 
31.17, p < .01, showing that OL items were 
better discriminated from EX items than 
from IL items. No other main effects or 
interactions were significant. 

Although ROC curves normally involve 
plotting a set of hit probabilities against 
their corresponding false alarms, it is also 
possible to obtain an ROC curve by plot- 
ting one set of false alarms against another 
to measure the degree of overlap of two 
noise distributions. 
possible to test the confusion model's pre- 


Thus it should be . 


dictions of shifts of the distribution of IL — 


items relative to that of the distribution of 
EX items. Table 2 shows the P(A) scores 
obtained by plotting false alarms for 08, 


items against the corresponding false alarms ^ 


for EX items in the eight experimental 


0410 — n $ 


D. McNICOL AND J. J. GOSBELL 


TABLE 2 


VaLrues or P(A) For OL-IL, OL-EX, AND IL-EX DISCRIMINATION 
IN THE EIGHT CONTEXT CONDITIONS 


Context condition 


Diei 5 
eee AAA AAB ABA ABB BBB BBA BAB BAA 
OL from IL* 51 E :95 .56 54 52 492 57 
OL from EX* 54 .53 59 59 59 58 .60 .62 
IL from EX? 54 .52 .55 .54 .55 .56 .58 54 
Note. Abbreviations: P(A) = roportion of area beneath the receiver operating characteristic curve (ROC original 
learning; IL = interpolated learning: EX = extralist. y dS 
- * ROC curve obtained by plotting the hit probability for each of three criteria against its correspond: 
b ROC curve obtained by plotting false alarms for IL items against corresponding false alarms for E. 
conditions. An analysis of variance with vivid manner. The necessity for vivid es, and 
the factors OL context learning context, for interaction between them, was emp! d. In 
al d t A failed to reveal the rote conditions Ss were instructed hearse 
anid recognition- context ta the members of each PA subvocally ^ ckly as 


any differences between these scores. Thus 
‘there was no evidence that any of the ex- 
perimental conditions resulted in the dis- 
tribution for IL items being moved relative 
- to that for EX items. 


EXPERIMENT II: EFFECTS OF IMAGERY 
ON INTERFERENCE 


- Method 


Stimuli. The stimuli were three lists of 110 PAs, 
_ the OL list, the IL list, and the recognition list. The 
PAs were noun pairs rated high on imagery in the 
- list compiled by Paivio, Yuille, and Madigan (1968). 
The mean imagery rating of the nouns was 6.42, 
ith a range of 5.93-6.90. The 110 stimulus terms 
‘in each list were the same, but the response terms in 
the IL list were different from those in the OL list. 
In the recognition list, the first 10 PAs were filler 
items, half being from the OL, and half from the IL 
list. They were included to stabilize performance, 
^ and were not used in any subsequent analysis. Of 
- the remaining 100 PAs in the recognition list, 50 had 
response terms from the OL list, 25 were from the 
— L list, and 25 were EX responses. 
Procedure and subjects. Stimuli were presented 
visually at a rate of 1 PA/4 sec by a Kodak Carousel 
projector, with the nouns appearing as black upper- 
case letters on a white background. As far as 
possible, the physical context in which stimuli were 
presented was held constant, and only the learning 
instructions were varied. One of two sets of instruc- 
- tions was given just prior to the learning of a list, 
imagery or rote instructions. If Ss were working in 
~ a condition where the instructions for IL were the 
- same as those for OL, they were reminded of these 
- again before being shown the IL PAs. 
mue in the imagery conditions Ss were instructed to 
form visual images for the nouns which made the 
members of a PA interact with one another in a 


possible while the nouns were visible o: screen, 
It was suggested that four or five rehe could 
be made for each PA. Specific warning » given 
against the use of visual imagery, ©! other 
mnemonic device, such as attempting t » mean- 
ingful relationships between the membe: a PA. 
It was emphasized that Ss should atten: » learn 
only by rote. 

By instructing Ss to use imagery or ro arning 
in OL and IL, four experimental condi 5 were 
created, II, IR, RI, and RR, denoti: hether 
imagery or rote learning was used for ti: first or 
second list. The experiment thus cont d to à 
2 X 2 X 2 factorial design with the fa ors OL 
learning technique (I or R), IL learning ' hnique 
(I or R), and recognition item type (wh. "er OL 
items were to be discriminated from !L or EX. 
items). Subjects were nested under leve! of the 
first two factors, and the last factor involved 


repeated measures on Ss. 

Before the experiment began, 
they would be shown two lists of 110 PAs which 
they would be required to learn, and thai memory 
for the PAs would be tested by recognition after the 
presentation of the second list. Imagery or rote 
instructions were given for the OL list, which was 
then presented. The appropriate instructions for 
IL were then given, and the list presented. The 
recognition phase followed, with Ss being requiret 
to rate each recognition PA on a 4-point scale 0 
certainty that it came from the OL list. The in- 
structions given for recognition were the same as | 
those for Experiment I. After the recognition test, 
Ss in all experimental conditions were given lists of 
the 110 PAs which occurred in OL and IL, and the 
25 EX pairs which occurred only in the recognition 
test. They were asked to rate each PA from 0 to 
for the degree of imagery they could remember its 
having evoked during the experiment. It was eR 
plained to Ss in the rote conditions that even 
though they may have attempted to suppress 1m 


Ss were told that 


agery, some PAs may have given rise to spontaneous 


imagery. All Ss were also told that even though - 


TABLE 3 


C Hir Rates ND FALSE ALARMS FOR IL AND EX RE- 
COGNITIO" ITEMS, FOR THE THREE CRITERIA IN 
THE II, RI, AND RR CownirIoNs or Ex- 
PERIMENT II 

Learning technique 
Criterion — 
u IR RI RR 
Hit rates 

1 45 57 27 .39 

2 .58 70 A3 .58 

3 75 .84 .60. Er 

False alarms from IL 

1 16 lt .33 20 

2 .28 27 Al .38 

3 49 -60 .48 .59 

False alarms from EX 

1 .04 .05 .08 Al 

2 A8 ati 27 29 

3 -50 54 46 59 
viations: IL = interpolated learning; EX = ex- 
RI, and RR denote whether imagery (I) or rote 

vas used for the first or second list. 

- they hac «ot been instructed to learn the PAs in 
the recognition list, the presentation of these items 
may hav« been sufficient to cause some spontaneous 


imagery h Ss might be able to remember. 

The Ss were 60 students from an introductory 
Dsychology course at the University of New South 
- Wales. They were allotted to one of the four ex- 
perimen i conditions described above, with 15 Ss 
in each condition, Members of each group of 15 
Were tested in subgroups of 3 or 4 which came to the 

laboratory on different days. 


Results 


As in Experiment I, hit rates were found 
from confidence judgments of OL recogni- 
tion pairs, and two sets of false alarms were 
found from IL and EX recognition pairs. 
, Table 3 shows the hits and false alarms 
associated with each criterion on the rating 
scale for the four experimental conditions. 
An analysis of variance carried out on the 
hits for the three criteria gave a significant 
| main effect due to OL technique with F (1, 
56) — 18.70, 11.52, and 8.84 for Criteria 
1, 2, and 3, respectively, p < .01. This 
Showed that use of imagery for the OL list 
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gave higher hit rates than rote learning. 
There was also a significant main effect 
due to the technique used in IL, with 
F (1, 56) — 8.52, 10.85, and 11.08 for 
Criteria 1, 2, and 3, respectively, p < .01. 
This showed that hits were greater when 
IL occurred by rote rather than by imagery. 
Analysis of variance on the IL and EX 
false alarms showed a significant main 
effect due to OL learning for Criteria 1 and 
2, F (1, 56) — 16.13 and 11.88, respectively, 
p < .01. This showed that using imagery 
in the OL list produced fewer IL and EX 
false alarms than did rote learning. There 
was also a significant main effect due to 
recognition item type for Criteria 1 and 2, 
F (1, 56) = 55.47 and 13.71, respectively, 
p < .01. This was due to higher false 
alarm rates being obtained for IL than for 
EX recognition items. 

As in Experiment I, the P(A) measure 
was used to assess changes in discrimination 
of OL from IL and EX items. Mean P(A) 
values for each condition are shown in 
Table 4. An analysis of variance was 
carried out on the arc-sine transformations 
of these scores with the factors OL tech- 
nique, IL technique, and recognition item 
type. This gave a significant main effect 
due to OL technique, showing better dis- 
crimination of OL from IL and EX items 
when OL occurred by imagery, F (1, 56) 
= 19.55, p « .01. There was also a 
significant main effect due to IL technique, 


TABLE 4 


Mean VALUES oF P(A) For OL-IL, OL-EX, AND 
IL-EX DISCRIMINATION FOR THE II, IR, RI, AND 
RR CONDITIONS OF EXPERIMENT II 


Learning technique 
Discrimination 


condition " n m: xS 
OL from IL* .68 45 .53 .63 
OL from EX* 12 .80 .62 67 
159 .56 54 


IL from EX | 52 


Nole. Abbreviations: P(A) = proportion of area beneath the 
receiver operating characteristic curve (ROC) ; OL - original 
learning; IL = interpolated learning; EX = extralist; II, IR, 
RI, and RR FREUE near: (D or rote (R) learning 

S for the first or second list. 

Was UG corve obtained by plotting the hit probability for each 
of three criteria against its corresponding false alarm rate, 

b ROC curve obtained by plotting false alarms for IL items 
against corresponding false alarms for EX items. 
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showing better discrimination of OL from 
IL and EX items when IL occurred by 
rote, F (1, 56) = 7.69, p < .01. Finally, 
there was a significant main effect due to 
recognition item type, showing better dis- 
crimination of OL from EX than from IL 
items, F (1, 56) = 12.37, p < .01. 
To check whether the experimental con- 
ditions had changed the position of the 
distribution for IL items relative to that 
for EX items, P(A)s were obtained by 
plotting IL against EX false alarms in the 
‘manner described in Experiment I. Mean 
values of P(A) for the four conditions are 
shown in Table 4, and an analysis of 
variance on their arc-sine transformations 
failed to detect any differences between 
them. 
The postexperimental ratings confirmed 
that the two sets of instructions were suc- 
cessful in predisposing Ss either to use or 
to not use imagery in learning. Mean 
“imagery ratings for the II, IR, RI, and 
- RR conditions were 2.42, 2.55, .94, and .82, 
- respectively, for OL PAs; 2.36, .92, 2.59, 
- and .59, respectively, for IL PAs; and 1.52, 
77, .86, and .42, respectively, for EX PAs. 


Discussion 


It will emerge that it is not possible to 
explain the data from these experiments with- 
out recourse to concepts like those of list 
markers, whereby items are coded together 
with contextual features which allow subse- 
quent identification of list membership. How- 
ever, it is still possible to distinguish a simple 
list marker model—which assumes that suc- 
cess of retrieval of OL items depends solely 
upon confusability of OL and IL list markers— 
from one based on interference theory, which 
assumes in addition that increasing similarity 

2 between OL and IL modifies storage of OL 
items by processes such as response suppres- 
sion and extinction. In terms of the statistical 
-decision model presented earlier, where OL, 
IL, and EX items are represented as distribu- 
tions on a continuum of likelihood that an 
item came from OL, predictions by the two 
models about the effects of context come down 
to whether the distribution for IL items is 
shifted up the continuum, or that for OL items 
is shifted down. The data from Experiment I 
offer more support for the interference model 
than for a simple confusion model. First, 
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P(A) values for discrimination of OL from 
both IL and EX items were sm: <r when OL 
and IL contexts were simila: her than 
different. Second, P(A)s obtain y plotting 
IL against EX false alarms we: t affected 
by changes in OL and IL : t. This 
suggests that making IL cont imilar to 
OL context moved the distrib : for OL 
items down the continuum tow. the dis- 
tributions for IL and EX items did not 4 
move the IL distribution relati the EX 


distribution. This shift was the predicted 
if the OL responses underwent : suppres- 
sion during IL when the two lea: contexts 
were similar rather than differ: Shifting 
the OL distribution in this wa uld also 
have decreased hits when OL an: contexts 
were similar, a prediction also fied by 
Experiment I. 

The fact that context affects rmance 
supports Underwood's (1969) con n that 
when items in a list are learn: hey are 
labeled by contextual features w! ire used 
to identify particular responses longing 
to a particular list. However, the ;ortance 
of these list-marking features api ‘> to lie 
in their role in preventing suppre a of OL 
responses during IL, rather than ; as cues 
for differentiating OL from IL re onses at 
the time of retrieval. On this latt int it is 
interesting to note that using a ' ognition 
context that was the same as tha! used in 


either OL or IL had no differentia! 
performance in Experiment I. 

It should be noted that the low 
discrimination obtained by the groups in Ex- 
periment I limit the generality of t conclu- 
sions that can be drawn from the study. Also, 
some explanation is needed for the better per ; 
formance of the RR group in Experiment I 
than any of the groups in Experiment I, when 
the procedure was virtually identical in both 
cases. The reason for the difference probably 
lies in the choice of stimuli. The words fori 
Experiment II were chosen from Paivio et al. 
(1968) to have high imagery ratings, while 
those from Experiment I were chosen from the 
A and AA categories of Thorndike-Lorg 
(1944) without regard to imagery. A total 
of 85 words from Experiment I occur in the 


fects on 


ievels of 


imagery rating than those from Experiment ^i 
which probably accounts for their being better 
learned. 

In Experiment II the central difference be- 
tween the models was whether the use ? 
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- imagery i: IL contributed contextual features 
which deceased confusability of list markers 
between © . and IL, or whether it caused more 
thorough -xtinction of OL responses. Again 
the data - :pport the interference theory inter- 
pretation. First, when imagery was used in 
“OL, P(3:: and hits were higher for OL-IL 
Land OL . X discrimination, suggesting that 
this tech 1e gave a higher degree of learning 
of OL re :es than the rote method. Second, 
use of i: ry with IL decreased P(A)s and 
hits for IL and OL-EX discrimination, 
which a with the extinction hypothesis, 
but di s with the confusion model's 
predictio lessened confusability between 
m the two lists. 


L response 
It sho. ;e noted, however, that the use of 
imagery L did not increase IL false alarms, 
although who used imagery in IL reported 
that th esponses were often dominant at 
the timc retrieval. Thus although an OL 
response y have been weakened, it was not 
inevitab placed by its corresponding domi- 
nant II ponse. Thus it appears that Ss 
' were no ciding OL membership on the basis 
- of the st cngth of a response alone, but that 
"imagery ‘ad provided responses with dis- 
tinctive ‘catures indicating their list member- 
Ship. I: this sense, imagery can be said to have 
a list-mavicing function. The effect is like that 
suggeste: by Postman et al. (1968) in their 
discussio: of the selector mechanism which 
differentiates responses appropriate to one list 
po those from another. According to this 
- Proposal, not all responses activated during 
] retrieval will be emitted, as an editing process 
withholds responses which do not meet the 


- Criterion for selection. Experiment II suggests 
that differences between OL and IL invested 
members of the two lists with features which 

assisted this editing, thus allowing many domi- 


a a eee 70-2291 


nant IL responses, learned with imagery, to be 
identified as not having occurred in OL. 
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Mandler’s 1967 finding that organization and recall instruction led to the 
same degree of recall was examined in two experiments, one employin 
taxonomically related materials and the other, unrelated words. 
anticipation of a recall test unless Ss were specifically instructed, degree o 
organization was varied within Ss, while recall instruction was a 
Ss variable. A concept learning task was employed such that all Ss classi 
fied some, but not all, of the words on a list that was subsequently tested for 


TO ORGANIZE IS TO REMEMBER: 


THE EFFECTS OF INSTRUCTIONS TO ORGANIZE 
AND TO RECALL* 


TOM TRABAS* 


Princeton Universi!; 


To minimize 


between 


recall. Only one half of the Ss were given prior instructions about the 


recall task. In both experiments organi 
nonorganized material, and prior recall 
increments in the recall of the organized items. 


ized material was recalled better tha: 
l instructions did not lead to further 


However, these instructions 


did not invariably lead to enhanced recall of the items that were not classi 
fied; in fact, recall instructions seemed to be effective only when it was pos 
sible for Ss to organize implicitly the noncategorized items. In this sense 
organization and recall instructions are not invariably equivalent. 


Mandler (1967) has shown that instruc- 
- tions to organize and instructions to recall 
have equivalent effects. Each of these types 
of instruction improved the recall of a list of 
words, but no further improvement was evi- 
dent when both instructions were given. The 
nonadditive nature of these instructional 
manipulations motivated the present study, 
in which Mandler's finding is reexamined 
with a sensitive within-Ss procedure. 

In Mandler's experiment, four independent 
groups of Ss were created by the combina- 
tion of the presence or absence of instructions 
to organize or to recall a set of 52 unrelated 
words. Following five trials of presentation, 
all Ss were instructed to recall the items. 
The results indicated that both types of in- 
struction produced equivalent levels of recall, 
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superior to that when neither rec ! nor or- 
ganization instructions were giv How- 
ever, an interaction was clearly plied by 
the data (Table III, p. 356), su that in- 
structions to recall facilitated tho: Ss not 
given categorization instructions 32.8 vs. 
23.5 words recalled), but did no! facilitate 
those Ss instructed to organize (314 vs: 
329). 

The design of the present experiments was 


to Mandlers Ss, particularly those givet 
neither set of instructions. It scems likely 
that these Ss, whose task was simply to write 
the presented words on successive c olumns 0 
a booklet, would have expected to be asked 
for recall later, regardless of their instruc 
tions, Indeed, Mandler reports that half of 
the Ss in the no-category/no-recall condi- 
tion did expect a recall test. Could this also 
have been true for the Ss given categorization 
instructions but no recall instructions? 

this were the case, clearly, the conclusion 9' 
the equivalence of categorization and reca 
instructions could be questioned. In addi- 
tion, Mandler reports that very few of the 55 


able f 


suggested by an analysis of the task presented 
in the categorization groups were 
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reach + criterion of organizational consist- 
ency. -t is possible that instructions to cate- 
goriz «ight be facilitative above the level of 
instruc’ ons to recall if Ss were taken to a 
strong, yiterion of organizational consistency. 

In: present study an attempt was made 
to rej. «te. Mandler's findings under condi- 
tion t appeared to be plausible for all Ss. 
Ac pt learning task was utilized such 
that S overtly organized some, but not 
all, ^ ihe words in a list. The effects of 
org: on were then assessed by compar- 
ing ubsequent recall of the organized 
and ganized words. Since the com- 
par vas made within Ss, individual dif- 
feren recall ability were controlled, and 
Ss w isily taken to a strong organiza- 
tior rion, The effects of instructions 
to were assessed by instructing one 
gro: Ss (the "recall" group) to expect 
to -oli the words, and by giving no such 
inst ms to another independent group of 
Ss "no-recall" group). The concept 
lear; œv task was assumed to considerably 
red the chance of the no-recall group 
antic ting the recall test. Stimulus mate- 
tials ^st differed in terms of the ease with 
which organization could be imposed were 
utilized in two experiments. In Experiment 
I, related items drawn from taxonomic cate- 
gories were employed as stimuli, while unre- 
lated materials were presented in Experi- 
ment IT. 

EXPERIMENT I 

Method 


Design and materials, All Ss were presented 
with a list of 50 words, composed of 10 categories 
of 5 items each, and were told that the experiment 
dealt with learning to classify the words. Of the 
50 items presented, 25 (5 items in each of 5 cate- 
gories) were to be actively categorized by S, while 
the remaining 25 items were to be grouped together, 
thus ignoring the category structure. Active cate- 
Borization was achieved by learning to associate an 
arbitrary category identification number with each 
of the 25 words that were to be categorized. One 
group of 10 S's (the recall group) was told that the 
recall of all of the items would be tested following 
the categorization task, while another group of 
10 Ss (the no-recall group) was not so instructed. 

The words were 50 nouns taken from the cate- 
gory norms of Battig and Montague (1969). Five 
instances were selected from each of 10 common 
but nonconfusable categories such that the distribu- 
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tion of rank within category was approximately the 
same across the categories. The mean ranks ranged 
from 122 to 15.0, and all words had a Thorndike- 
Lorge (1944) frequency of occurrence of at least 
14 per million. To validate the selection of the 
words, pilot Ss were asked to sort the 50 words 
into 10 categories and then to supply a label for 
each grouping. All Ss used exactly the same cate- 
gories as those from which the words had been 
selected, and provided labels that were identical to 
or synonymous with the original labels. 

The words to be actively classified varied ran- . 
domly across Ss. There were 10 separate parti- 
tions of the 50 items into the 25 words that were 
to be categorized and those which were not to be 
categorized, and one S in each of the groups was 
assigned to each partition. These partitions were 
such that the members of each taxonomic category 
were to be categorized by one half of the Ss in each 
group, and not by the remaining Ss. 

Procedure. All Ss were tested individually and 
sat across from E, separated by a low wooden par- 
tition. On each trial E first read a word and then 
said either "categorize" or “do not categorize.” 
If instructed to categorize, S responded with a 
number from one to five corresponding to the cate- 
gory of the word. The Ss were not pretrained 
with these category identification numbers, and they 
were told that they should guess on the initial trials. 
If the correct category number was given, E said 
“right”, and when an error was made, E said 
"wrong" and indicated the correct number. While 
the category structure of the list was not explicitly 
indicated, Ss had no difficulty in detecting relations 
among the items and learning to assign the cate- 
gory numbers. Numbers were not assigned to the 
25 words that were not to be categorized; however, 
in an attempt to equate the amount of time spent 
per item, Ss were asked to repeat aloud these 
words. While this was a self-paced procedure, the 
duration of word exposure was approximately 4-5 
sec. for both categorized and noncategorized items, 
For each trial the words were presented in a dif- 
ferent random order for each pair of Ss (one in 
each of the two groups), with the constraint that 
no 2 words from the same category occurred in 
succession. 

After reaching a criterion of two successive 
presentations of the list with no classification errors, 
Ss wrote down in any order as many of the words 
as they could remember, taking as much time as 
they required. They were then given a cued-recall 
task, (Tulving & Pearlstone, 1966) in which they 
were presented with a sheet containing the 10. 
Battig and Montague category labels in a random 
order, and were asked to write down any additional 
words that they could recall. All Ss were then 
asked several general questions about the experi- 
ment and the strategies that they employed. 

Subjects. A total of 20 male undergraduates at 
Princeton University were randomly assigned to 
the two experimental groups. All Ss were paid 
for their participation. 
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TABLE 1 


Mean Numper OF Worps (TAXONOMICALLY 
RELATED) CoRRECTLY RECALLED IN 
EXPERIMENT I 


Conditions 
Groups Per EISE "Totals 
Classified Unclassified 
words words 
Recall 17.80 12.30 15.05 
No-Recall 19.50 8.80 14.15 
"Totals 18.65 10.55 


Results and Discussion 


The experimental task proved to be a 
plausible one. Only two Ss in the no-recall 
group indicated slight suspicion about the 
possibility of a retention test, and the recall 
performance of these Ss did not differ from 

' the others in the group. Further, there were 
no differences between the two instructional 
groups in the number of trials necessary to 
learn to classify the items. The recall group 
averaged 4.1 trials to criterion, while the no- 
recall group took 4.3 trials. 

The data of major importance, the number 
of categorized and noncategorized words re- 
called under the two instructional conditions, 
are indicated in Table 1. The groups did not 
differ in total amount recalled (F < 1), but 
there was a substantial increase in overall 
recall for words that were classified, F (1, 
18) = 126.58, p < .01; and, this effect was 
significant for both groups, ts (18) > 5.39, 
p< 01. However, there was a significant 
interaction between the effects of instruc- 
tions to recall and to classify, F (1, 18) = 

.13.04, p < 01. Further analysis indicated 

that the tendency for the recall group to re- 
call more unclassified words than the no- 
recall group was significant, t(36) = 3.33, 
p< 01, whereas their tendency to recall 
fewer classified words than the no-recall 
group was not significant. 

"These results affirm the considerable im- 
“portance of categorization in this type of 
memory task and support the view of the 
nonadditive nature of recall and organiza- 
tional instructions. When items are classi- 
fied, here to a criterion of organizational 
consistency, further instructions to recall 
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them are of no additional hel; 
the fact that the recall Ss in this « 
remembered more categorized : 
gorized words is not consistent 
ler's (1967) finding and migh: 


However, 
xperiment 
n uncate- 
ith Mand- 
tion his 


hypothesis of the equivalence of categoriza- 
tion and recall instructions. (^ ‘he other 
hand, this difference does no: ‘‘ccessarily 
refute the position that the proce :.cs under- i 
lying organization and recall are -«quivalent, 
It is possible that the recall grow» may have 
tried to classify the complete lis including 
those words which they were noi asked to 
categorize. Since task condition uld not 
permit complete classification o: ‘he non- 
categorized items, the differences i: ‘he recall 
of the two classes of words by thc vecall Ss 
may represent the effects of differen: amounts 
of organization. In addition, the «ttempts 
at classification of the noncategori <d items 
by the recall Ss might account for t ir supe- 
rior recall of these items, when —>mpared 
with the no-recall Ss. 

This strategy of attempted or; ization 
of the noncategorized words wor i he a 
feasible one since it is relatively eas, to dis- 


he un- 
stioned 
showed 
cate- 

The 
inter- 


cover the taxonomic categories o! 
classified words. Moreover, when q 
after the experiment, the recall 5 
somewhat greater awareness of those 
gories than did the no-recall gro: 
cued-recall results also support this 
pretation. When presented with tie cate- 
gory names, the recall group recalled 22% 
of the remaining unclassified words, while the 
no-recall group recalled only 11%, : (18) = 
2.23, p < .05. In contrast, the increase in 
the recall of the categorized words was min- 
imal and did not differ between the groups. 
These data suggest that instructions to re- 
call are an effective incentive to Ss to try t0 
organize material, even words that are not 
explicitly required to be classified. Given the 
taxonomic materials employed in the present 
experiment, organization of the noncate- 
gorized items was possible to some extent, 
However, if unrelated words were presented, 
it would be more difficult for the recall Ss to 
impose an organization on those words which 
were not to be categorized. Under these 
conditions, the facilitative effects of recall 
instructions might disappear, and the interac- 


ween instructions to recall and to 
night not be observed. This conjec- 
; examined in a replication of the 
riment using words which were 
tically unrelated to each other. 


tion. b: 
7 classif 
‘ture v 
first < 
“taxon 


EXPERIMENT IT 
BIeti.od 


Th. design, procedure, instructions, etc, of Ex- 
peri" ^nt II were identical to those of Experiment I 
exce: for the unrelated words employed as stimuli 
and ‘he deletion of the cued-recall task. Fifty 
wor, each with a minimum Thorndike-Lorge fre- 
que: cy of 14, were chosen, 1 from each of 50 cate- 
gories of the Battig and Montague (1969) norms. 
The 50 words were assigned randomly to 10 arbi- 
trary classes of 5 words each; as before, the classes 
-to be categorized were randomly determined for 
each pair of Ss. The Ss were 20 males from the 
san:e population. 


Re. lis and Discussion 


: was the case in Experiment I, Ss 
see: ied to accept the experimental situation 
as ^ plausible task, Only one no-recall S 
‘ind: ated that he thought a retention test 
mig: be possible, and his recall did not differ 
fron: others in his group. Although a greater 
numer of trials were required to reach the 
clas: fication criterion than in Experiment I, 
thers was, once again, no significant differ- 
ence between the two groups; the recall 
group averaged 9.8 trials to criterion, and 
the no-recall group averaged 8.3 trials. 

Table 2 summarizes the recall results for 
Experiment II. These results corroborate 
Experiment I in that there was no significant 
difference in total recall for the two groups 
(F < 1) and that classified words were better 
recalled than were unclassified words, F (1, 
18) = 79.27, p < .01. Where the two ex- 
periments differ, however, is that in the 
present case, as predicted, there was no inter- 
action between instructions to recall and to 
classify. Thus, the recall group did not 
show a significant increase in memory for 
unclassified words, presumably because these 
words did not allow any known or obvious 
classification and thus were difficult to or- 
Eanize spontaneously. 

These findings fail to replicate those of 
Mandler (1967) in yet another way. Here 
an instruction to recall had neither an overall 


EFFECTS OF INSTRUCTIONS TO ORGANIZE AND RECALL 


1017 


TABLE 2 


Mean NuMBER OF Worps (UNRELATED) 
CORRECTLY RECALLED IN EXPERIMENT II 


Conditions 
Groups Totals 
Classified | Unclassified 
words words 
Recall 21.40 12.70 17.08 
No-Recall 21.00 10.20 15.60 
Totals 21,20 11.45 


effect, nor a specific effect on words that had 
not been categorized, To the extent that re- 
call instructions lead S to try to organize 
words, their effect would appear to be limited 
by task demands, The unrelated words em- 
ployed here are difficult to organize and their 
active classification seems to be required for 
effective recall. Previous results (eg, 
Mandler, 1967; Nelson, McRae & Sturges, 
1971) probably depend upon the extent to 
which Ss in noncategorized conditions were 
able to impose organization upon the material 
when instructed to recall it, 

The present experiments clearly confirm 
the importance of organization for successful 
recall performance. To organize is, to a con- 
siderable extent, to remember. Active and 
consistent categorization is sufficient to yield 
a relatively high level of recall, and additional 
instructions for recall do not facilitate per- 
formance further. Tt should be added that it 
seems unlikely that the differences in the re- 
call of categorized and noncategorized words 
that were observed in these experiments 
could be due to differential processing time, 
in the sense of Ss devoting a greater propor- 
tion of their time to the words being classi- 
fied. The repetition aloud of the words that 
were not to be classified probably inhibited 
rehearsal of the classified words during this 
time, But the strongest argument against 
any crucial effect of this kind is the difference 
in the recall of the nonclassified words be- 
tween the two experiments, These findings, 
then, indicate that Mandler was correct con- 
cerning categorization, However, organiza- 
tion and recall instructions are not invariably 
equivalent. Although it seems likely that re- 
call instructions result in attempts at or- 
ganizational strategies, these instructions fail 


: the basis of an organization is difficult to 
- find. It thus appears that if unrelated in- 
2 formation is to be remembered, it would be 
- better to force a S to organize that informa- 
- tion overtly using spatial or class categories, 
- than merely to instruct him to recall. 

It is important to indicate that these ex- 
periments were not designed to specify how 
the usage of an organizational strategy fa- 
cilitates recall performance. However, it 
should be noted that the retention of classifi- 
cation information is required if an organiza- 
tional criterion is to be achieved. Indeed, it 
is possible that organizational strategies are 
effective because they impose on S an im- 
plicit and highly structured recall task, 
namely that of remembering which items are 
associated: with each of a relatively small 
“number of cues or labels. Thus, although 
instructions to recall a list of words may en- 
courage Ss to organize the to-be-remembered 
items, at another level of analysis it seems 
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clear that recall, albeit not of tl:= tems per se, 


is an integral part of the classi! ion process, 
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THE NEGLECTED NEGATIVE SET* 


JAMES M. SWANSON? 


University of Texas 


Random forms were used as stimuli in Sternberg’s memory scanning 
paradigm, and the type of negative set was varied. A linear function relat- 
ing RT and positive set size was obtained using the Sternberg-type (com- 
plementary) negative set; a log function was obtained using the Briggs-type 
(fixed) negative set; and a flat function was obtained when unfamiliar items 
comprised an unknown negative set. These data support the hypothesis that 
dual classification processes operate under certain conditions in stimulus 


classification. 


^ternberg (1966) initiated a revival of 
| th: Donders’ subtraction method of reaction 
„time (RT) analysis with the introduction of 
hi. stimulus classification task. Sternberg’s 
revisions and extensions of previous methods 
ani procedures were quite simple. He used 
the 10 digits as stimuli, and his Ss were in- 
structed to attend to a specified subset of 
this stimulus ensemble. This specified sub- 
“set was called the positive set, and the com- 
ple: ent of the positive set (the digits not 
spec fied) was called the negative set. The 
experimental task consisted of presenting a 
seri of digits as test stimuli, and S was 
required to classify each test stimulus by 
making a positive response if it was a mem- 
_ ber cf the positive set or a negative response 
if it was not. Typically, Sternberg (1967) 
has found that RT is a linear function of 
Positive set size (M), RT=A+B (M). 

Others, eg. Smith (1967), Nickerson 
(1966), Swanson and Briggs (1969), Briggs 
and Swanson (1970), have found the rela- 
| tionship between RT and positive set size 
| to be logarithmic rather than linear. Swan- 
son and Briggs (1969) introduced the con- 
cept He, central processing uncertainty, to 
| provide an explanation for the logarithmic 
| relationship found. Briggs and Swanson 
(1970) provide a complete description and 
explanation of the He concept. 


1A version of this study was presented at the 
meeting of the Midwestern Psychological Associa- 
tion, Detroit, May 1971. 

2 Requests for reprints should be sent to James 
M. Swanson, Department of Psychology, Benedict 
324, University of Texas, Austin, Texas 78712. 


Despite this obvious discrepancy in the 
literature concerning the form of the func- 
tional relationship between RT and positive 
set size, little work has been done to in- 
vestigate this difference in detail. The pres- 
ent study varied the characteristics of the 
negative set, a variable that has been neg- 
lected in the past, to determine its effect on 
the form of the functional relationship be- 
tween RT and positive set size. 

Following Sternberg's lead, the size and 
characteristics of the Positive set have been 
the major independent variables of interest 
to experimenters using the stimulus classifi- 
cation task. Across experiments, however, 
three types of negative sets have been used. 
The three types of negative sets are de- 
scribed below. 

In Sternberg's stimulus classification task 
(described above), the sizes of the positive 
and negative sets are inversely related: Since 
the population (ensemble) size is constant, 
as positive set size increases, the size of the 
complementary set decreases by the same 
amount. Also, as the items comprising the 
positive set change, the membership of this 
negative set changes. This type of negative 
set—which varies in size and membership— 
will be called a varied or complementary 
negative set. 

Briggs and his co-workers (Briggs & 
Swanson, 1970; Lyons & Briggs, 1971; 
Swanson & Briggs, 1969) have used a 
slightly different version of Sternberg's stim- 
ulus classification task. They have typically 
used larger stimulus ensembles (letters or 
random forms rather than the 10 digits), 
and have kept the negative set constant in 
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size and membership across variations in 

- positive set size. This is done by initially 
specifying a fixed set of items as a negative 
set and then by using the same negative set 
with each positive set specified throughout 
the experiment, As a result of this, an item 
is used either as a positive item or as a 
negative item throughout the experiment, 

and never appears as positive at one time and 
negative at another time. This type of nega- 
tive set will be called a fixed negative set to 
be consistent with Briggs and Johnsen 
(1973). 

Another type of negative set has been used 
occasionally (eg. Smith, 1967). Smith 
used a large stimulus population (high- and 
low-frequency words) and only the positive 
set items were specified to the Ss. The re- 
sulting negative set was large and not ex- 
plicitly specified, so the actual items in the 
negative set were not known or predictable 
to the Ss. This type of negative set will be 
called an unknown negative set. 

These three types of negative sets—com- 
plementary, fixed, and unknown—have been 
used in different experiments in which vari- 
ous kinds of stimuli were used, so they can 

be compared only across diverse experi- 
ments. In the present experiment, the same 
stimuli—random forms—were used with all 

_ three types of negative set procedures so that 
— the effect of type of negative set could be 

investigated within a single experiment. 


METHOD 


Procedure. Three groups of six Ss each were 
utilized. Each S served for six 30-min. sessions 
and was paid $125 per session. Initially, during 
Session 1, all Ss became familiarized with 10 eight- 
sided Vanderplas random forms via a paired-asso- 
ciate learning procedure in which the random forms 
were paired with two-digit numbers. During Ses- 
sion 2, five additional forms were introduced using 
the same procedure, and then all fifteen forms were 
reviewed. 

3 On Session 3, the initial 10 forms were divided 
into four nonoverlapping positive sets of sizes 1, 
2, 3, and 4. The same positive sets were used by 
Ss in each of the three groups, and Ss used the 
positive sets specified at this time through the re- 
mainder of the experiment. The negative sets dif- 
fered for the three groups in the following way. 
-For Group 1, a complementary negative set was 
used. The initial set of 10 forms was treated as 
Sternberg treats the set of 10 digits, so for any 
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one of the four positive sets, the 
the complement of that positive 
a fixed negative set procedure 
of five forms introduced durin: 
used as the negative set for ea 
positive set conditions. For Gr 
negative set was used. This neg 
up of 65 forms which the Ss had 
Thus, the positive sets were iden 
groups, and only the negative s 

The stimulus classification ta: 
and practiced during Session 3 
be reported were collected duri: 
and 6, On each of the last fc 
blocks of 48 test trials were pres 
positive set size, Within each b! 
test stimuli were positive and ha! 
Within each positive or negativ 
individual items belonging to that 
likely, Half of the Ss in each gro 
index finger to press a button m 
spond positively, and the left inc 
spond negatively. The assignme 
responses was reversed for the < 
group. 

Materials and design. Across 
group, 60 different random form 
positive set items. Six different se 
were utilized, so each S within a gro 
a different set of 10 forms. Also, 
of forms was used for each S as neg 
in the fixed negaitve set condition. 
sets of stimuli were chosen from a 
80 Vanderplas eight-sided random 
the unknown negative set conditions 
that were not specified as positive = 
particular S defined the unknown nc: 
that S. Thus, the results of this cc 
not unique to a small set of forms, si: 
set of forms was utilized across Ss. i 

Across Sessions 3-6, the order oi presentation! 
of positive set size was counterbalance: for each 5; 
and within each of those sessions the order 
presentation of positive set size was partially coum A 
terbalanced within each group. It 
note that the sequence of positive set items across 
trials was exactly the same for Ss in each of f 
three groups, and only the sequence of negat 
items presented differed across trials for Ss "f 
different groups. f 
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RESULTS 


In the analysis of the RT data, three %f 
the four main effects were significant at P 
.05. Reaction time increased with memong 
load, F (3, 15) — 91.51; positive response 
were faster than negative responses, FOE 
45) — 994; and RT decreased across S% 
sions, F (2, 30) — 6.66. 

The main effect of groups did 
significance at p < .05, but the 


not atta 
Groups 
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Memor. Load interaction was significant, 
F (6, 45) = 3.66, p < .05. No other effect 
was si-uificant in the analysis of the RT 
data. “rror rates were uniformly low (less 
than 7... in all cases), and no effect was sig- 

E in an analysis of variance of the error 
ata 


| 


The Groups X Memory Load interaction 
prov ..cd the most interesting outcome of this 
experiment. The profiles of this interaction 
are own in Figure 1. The significance of 
this interaction indicates that the RT — mem- 
ory load profiles shown for the three groups 
are not parallel. To evaluate this difference 
in the RT — memory load functions, the least 
squares regression equations were obtained 
for these data, and the slopes and intercepts 
aic given in Table 1. Two different forms 
of the functional relationship between RT 
an. memory load were used to obtain the 
covstants given in Table 1. First, the linear 
rel; tionship between RT and positive set size 
(N = 1,2, 3, and 4) was considered. Next, 
the relationship between RT and He a 
log» rithmic relationship (He = 1.0, 1.5, 1.8, 
2.0; see Briggs & Swanson, 1970), was used 
to obtain slopes and intercepts for the three 
groups.* 
ardless of which form of the functional 
relationship between RT and memory load 
is considered, the ordering of the slope con- 
stants is the same. The complementary 
negative set condition yields the largest 
slope, followed by the fixed negative set con- 
dition, and the unknown set condition pro- 
duced the smallest slopes of all. 


Discussion 


The slope of the RT — memory load function 
is interpreted as central comparison time (the 


* The significant Groups X Memory Load inter- 
action implies that slope differences exist. Since 
the logrithmic relationship, RT = A + B(H-), pro- 
vides the best fit to these data, the slopes of the 
RT/H, functions were compared for the groups. 
The slope of the complementary negative set con- 
dition, Bo = 175 msec/bit, was significantly greater 
than (a) the slope for the fixed negative set condi- 
tion, By = 128 msec/bit, t (4) — 2.14, p < 05, and 
(b) the slope of the unknown negative set condi- 
tion, By —82 msec/bit, t (4) 60, p<.01. The 
difference between the fixed and unknown negative 
set groups was not significant, t (4) = 1.99, p > .05. 
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Ficure 1, Reaction time-memory profiles for the 


Groups X Memory Load interaction, Group mem- 
bership is specified by the type of negative set 
(complementary, fixed, or unknown). 


speed of comparing test stimulus information 
with stored “memorial information"). Stern- 
berg (1966, 1967) has proposed that in a stim- 
ulus classification task, memorial information 
consists of internal representations of the posi- 
tive set stimuli only, and that the encoded ver- 
sion of the test stimulus is compared to these 
representations of the positive set items in a 
serial and exhaustive fashion. If this were 
so, then the comparison time (slopes) for the 
three groups should not differ (especially for 
the positive response functions) because the 
positive set items were identical for the three 
groups in this experiment. 

Why, then, were central processing (slope) 
differences found? One possibility is that the 
same serial scanning operation is utilized in all 
three conditions, but that the speed of the com- 
parison process differs for groups. Perhaps 
when negative set information is available (as 
it is in the complementary and fixed negative 
set conditions) it cannot be ignored. A test 
stimulus, then, would be tested on the basis of 
the known negative set information as well as 
the positive set information, and the additional 
testing would result in a slower central proc- 
essing rate. 

This, however, does not account for an ap- 
parent group difference (see below) in the 
form (log vs. linear) of the functional rela- 
tionship between RT and positive set size. 
Another possible explanation is based on the 
notion that the type of comparison process it- 
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TABLE 1 


Firren Constants EXPRESSED IN MILLISECONDS 


FOR REACTION TIME FUNCTIONS SHOWN 
IN FIGURE 1 


Group 
Functional Varied Fixed Unknown. 
relationship. 
‘Stope | I$ | Stope | Itet | stope | Tept 
RT vs. M 56 | 480 | 42 | 466 | 26 | 503 
RT vs. He | 175 | 344 | 128 | 369 | 82 | 438 


Note. Entries represent averages over the 3 days of the experi- 
ment. Abbreviations: M = positive set size, Ho = central proc- 
essing uncertainty, RT = reaction time, 


self differed for the three groups. What other 
type of comparison process might exist? Con- 
sider a situation in which a test stimulus can 


‘be processed and classified as a positive or 


negative class member on a class dimension 
rather than on an item dimension as proposed 
by Sternberg's serial exhaustive item-scanning 
model. One class dimension that has recently 
received considerable support in the literature 
(Atkinson & Juola, 1972; Briggs & Swanson, 
1969; Juola, Fischler, Wood, & Atkinson, 1971; 
Oldfield, 1966; Swanson & Wickens, 1970) is 
the dimension of familiarity defined by fre- 
quency of occurrence of the items within a 
class, The aforementioned reseachers have 
provided evidence that individual items can be 
classified on the basis of familiarity during pre- 
processing operations which utilize a class di- 
mension for comparison before a more detailed 
item comparison process operates. 

A familiarity difference between positive and 


negative items existed in certain conditions in 


this experiment, In the unknown negative set 


condition, the negative set items were com- 


pletely unfamiliar at the outset of the experi- 
ment, and each item was seen only 6 times dur- 
ing the entire experiment (an average of about 
1.5 times per session), The positive set items, 
on the other hand, were highly overlearned be- 
fore the experiment started, and they were seen 
as test items often—from a minimum of 6 times 
per session for items assigned to the M=4 
condition to a maximum of 24 times per ses- 
sion for the items assigned to the M = 1 con- 
dition. It is possible, then, that processing on 
the basis of this established difference in fa- 
miliarity as well as a serial scan of positive set 
items could result in classification of test items 


according to class membership in the unknown 


negative set condition. 
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basis of fa- 
ad relations - 
vs the result 
familiarity - 
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nory load) 
test item 
regardless 
¿rience and 
stricted to 
ons of the 

n the basis 
nost prom- 


How might processing on ti 
miliarity affect the RT — memo: 
ship? If classification were al 
of processing on the dimensic 
rather than by a serial scan o 
items, then positive set size 
should not affect RT becaus: 
would be processed in the same 
of positive set size. Since Ss’ 
familiarity with the stimuli we 
and established during the six 
experiment, evidence for process 
of familiarity should emerge and 
inent in the last session if at a! 

In the data from the final data 
sion, the usual relationship bety 
memory load was obtained fo: e 
mentary and fixed negative set 
the usual relationship between 
negative responses was also ol 
these two groups, RT increased : 
load for both types of responses 
responses were made faster than 
sponses at each level of positive 
the data from the unknown negati» 
a similar relationship was obtained 
and negative responses at M = 1, 


lection ses- 
| RT and 
comple- 
"ups, and 
itive and 
ied, Foe 
ı memory 
! positive 
sative re 
size, Tn 
et group, 
: positive 
this dif- 


ference vanishes, as shown in Fi, ve 2, for 
higher levels of memory load (M = ` 3, and 4): 

Analyses of variance of the dat. from the 
final data collection session suppor’ vie above 
observations, First, in an analysis vì the data 
from the M=1 conditon, positive responses 


were found to be significantly fasor 
msec.) than negative responses, / (1, 
11.9, p<.01. However, neither the main effect 
of groups, F (2, 15) <1.0, nor the Groups X 
Response interaction, F (2, 15) < 1.0. attained! 
statistical significance. This indicates thd 
statistically speaking, the positive response ad- 
vantage was the same for all three groups 9 
this level of memory load (M = 1). The actual 
differences (negative-positive) were 43 msec 
for the fixed negative set group, 40 msec. fo 
the unknown negative set group, and 23 msec 
for the complementary negative set group. 
Tn a separate analysis of the higher levels 
memory load (M —2, 3, and 4), the picture 
was different. While the main effect of groum 
was not significant F (2, 15) = 2.2. »24 
the Groups X Response interaction was signi 
cant, F (2, 15) 24,3, p<.05. Analysis 
these data separately by groups indicated 
at the higher levels of memory load, the n 
tive responses were significantly slower by 
msec. in the fixed negative set condition, 
5) — 9.1, p <.05, and by 41 msec. in the 
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tary negative set condition, F (1, 5) = 
<.05. But in the unknown negative set 
‘cond’ ^n, negative responses were only an in- 
sign. ant 3 msec. slower than positive re- 
spon s F (1, 5) L0. 

= F thermore, in the separate analyses, mem- 
ory ^ad was a significant effect in the fixed 
“neg. ve set condition, F (2, 10) = 104, p< 
01, «nd in the complementary negative set con- 
dition, F (2, 10) —4,9, p <.05, but not in the 
unkown negative set condition, F (2, 10) < 
1.0. The Response X Memory Load interaction 
we: not significant at p<.05 in any of these 
group analyses, 

When all four levels of Memory Load are 
considered, the asymptotic performance of Ss 
in the complementary and fixed negative set 
groups suggests that the form of the functional 
relationship between RT and memory load dif- 
fers for these two groups, A linear relation- 

p provides a better fit than a log relation- 
ship for the complementary negative set group 
dat: (fun 7.9961 vs. Tj = 9576), while a 
logiithmic relationship provides a better fit 
than à linear relationship for the fixed negative 
set roup data (tog = .9902 vs. ry, = .9522).4 
Ti us, the data from the complementary nega- 
tive «ct condition provide a direct replication 
of S 'rnberg's (1966) experiment using ran- 
‘orms instead of digits. Random forms 

: a larger slope but the same functional 
i aship as Sternberg's (1966) digit stim- 
he "best" RT -memory load relation- 
the linear function relating RT and 
set size, RT=471 +54 (M), The 
i the fixed negative set condition pro- 
a clear replication of the logarithmic rela- 
repeatedly obtained by Briggs and his 
es (Briggs & Johnson, 1973; Briggs & 

1970; Lyons & Briggs, 1971; Swan- 
“riggs, 1969), The best RT - memory 
reiationship for these data is the linear 
function relating RT and a log transform of 
tive set size (H,), RT = 362 + 120 (H,). 


‘Because of the restricted number of levels of 
he independent variable (only four levels of 
ory load were utilized), a high RT -memory 
corrclation is expected even if the relationship 
parts from linearity. While the rive for the com- 
ntary negative set condition (.9576) and the 
for the fixed negative set condition are both 
Mificant at p € 05, the “better” relationships are 
flected by rin for the complementary negative set 
fondition (.9961) and rie for the fixed negative 
lo Bionditions (.9902), which are both significant 
F<.01. 
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Ficuxe 2, Reaction time - memory load profiles 
from the final data collection session given sep- 
arately for type of negative set and type of response 
(yes or no). 


On the basis of these M bs following sug- 
gestions are made, Apparently, an item scan- 
ning operation resulted in classification. at 
M zx 1 in the unknown negative set condition 
(just as in the fixed and varied negative set 
conditions), but processing on the basis of 
familiarity resulted in classification at memory — 
loads greater than M=1, This would suggest 
that relative efficiency of item scanning and 
familiarity processing changed between the 
M = 1 condition and the other levels of memory 
load; familiarity processing was more efficient 
and faster than item scanning at high (M > 2) 
levels of memory load but not at low (M = 1) 
level: 


s. 

Perhaps the difference in efficiency produces 
a change in strategy from item scanning to 
familiarity processing by Ss, and so only fa- 
miliarity processing occurs at M> 2. Or per- 
haps an item scan and familiarity processing 
occur in parallel at these levels of memory — 
load, but due to long total scanning time and - 
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TABLE 2 
3 AVERAGE NUMBER OF PRESENTATIONS PER SESSION FOR POSITIVE AND NEGATIVE ITEMS 
M-1 M-2 M=3 | M=4 
H — |- : 
"heces Positive | Negative | Positive | Negative | Positive | Negative | P | Negative 
items items items items items items | | items 
22.095 37.429 3 | 37.429 | 31408 
aried 37.429 17.667 22.095 17.667 17.667 | 22.095 | 1 22, 
pa 15.095 15.095 | 15.095 17.667 
Fixed 24 19.200 | 12 19.200 | 19.200 | < 19.200 
Unknown 24 1.477 12 1.477 | 1471. | 6 1477 
large frequency differences in the unknown Table 2 shows the number :sentations 
negative set condition, the familiarity process- per session for positive and ne: > items in. 
ing always results in classification. In either all conditions? (If the time t to classify i$ 
case, classification is assumed to be the result z ES Lo 2 EY 
of i a class dimension (familiarit: negatiye set condition, os abstract sel ea 
RE ( y) tures Seon to all members of t! ed negative 


rather than an item dimension (serial memory 
scanning); as a result, the number of items 
held in memory does not affect RT. 
"Can processing on the basis of familiarity 
"account for the difference between the varied 
and fixed negative set groups? For both 
groups, the negative items as well as the posi- 
tive items were highly overlearned before the 
experiment started and very familiar to Ss, so 
initially the separation of positive and nega- 
tive sets in terms of experience with the items 
did not exist for these two groups. However, 
across sessions, relatively large differences in 
the frequency of occurrence of the positive set 
items and the negative set items did emerge in 
_ the fixed negative set condition for M — 3 and 
M — 4, while no such reliable difference exists 
in the varied negative set condition. Perhaps 
processing on the class dimension of familiarity 
also occurred in the fixed negative set condi- 
tion.’ 


5 Of course, processing on the basis of familiar- 
ity is not the only way that the negative set could 
.. be treated as a class of items rather than as individ- 
ual items. An alternative explanation is based on 
differentiation of positive and negaitve items on the 
basis of a learned set of common features unique 
to each of the classes of stimuli being considered. 
Barron (1971) has shown that such processing can 
occur: When the positive and negative set items 
(random forms) differed in terms of complexity 
(number of'sides), his data show that test stimuli 
were processed on the complexity dimension rather 
than as individual items. Perhaps similar process- 

- ing occurred in the present experiment. 
Briggs and Swanson (1970) and Briggs and 
Johnsen (1973) have suggested that in the fixed 


» 


| test stim 
et informa- 
ith positive 
g relation- 
is based on 
of the cen- 
processing 


set, and that comparison of the cr 
ulus with this undifferentiated nega‘ 
tion occurred, as well as comparis 
set information. This account of t 
ship between RT and positive set 
different assumptions about the na 
tral comparison process than the d 
suggestions made in the present pai 
6 Three entries for negative item 
set condition are given because th: 
condition appeared as positive as w 
items within a session. Thus, t 


the varied 
ms in this 
as negative 
umber of 


presentations for a given item in th ried nega- f 
tive set condition is equal to the number of times) 
the item is presented as a positive set item plus the 
number of times it is presented as a negative St 


once as aly 


item. The total so obtained appea: 
; and three 


Since positive and negative sets do not overlap im 
the fixed and unknown negative set conditions, 
problem does not arise there, so only one entry E 
necessary for each class of items. 

Also note that the difference in írequency be 
tween positive and negative items in the fixed neg? 
tive set condition results because of a decline 7 
the frequency of occurrence of positive set items] 
as memory load increases, which is not counter 
acted by those items appearing as negative itemi 
as they do in the varied set procedure. U 
stant repetition of the same negative set items fof. 
each memory load condition makes these items mor 
familiar than the positive items of the large memo 
set conditions. In the varied set condition, the ku 
pearance of the M = 4 positive set items as negati 
set items for M=1, 2 and 3 more then double j 
the frequency of occurrence of those items ta) 
across a session, but of course this does not atm 
the probability of occurrence of the terms within if 
block of trials when they are positive. 
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a test stimulus on the basis of familiarity de- 
creases as the difference in class familiarity in- 


crease“ then the following situation would exist 
in the ‘ixed negative set condition: As memory 
load reases, total scanning time (Central 
Processing Time X Number of Items) in- 
crea while familiarity processing time de- 
crea If memory scanning and familiarity 
proc sing are assumed to occur in parallel and 
the npletion of either process results in clas- 
sifi: ^'ion of the stimulus at hand, then average 
RT would be a mixture of times based on item 
coi parisons and class comparisons. And, given 
the assumptions stated above, as positive set 
si~ increases, the likelihood increases that a 


tet stimulus will be processed and classified 
ca the basis of familiarity in less time than the 
serial, exhaustive scan of the positive set items. 
Since item comparison apparently results in 
classification at M — 1, processing on the basis 
of familiarity for the fixed negative set groups 
would operate to provide an RT advantage 
vhen a class comparison results in classifica- 
ton of the test stimulus. On the basis of the 
stimulus frequencies used in this experiment, 
sich an RT advantage would be expected to 
slow up when large positive set sizes were 
uscd because a larger proportion of responses 
in those conditions would be a result of fa- 
miliarity processing as the memory scanning 
process became relatively less efficient. On the 
other hand, if item comparison and class com- 
parison are incompatible (or occur in series), 
increasing memory load would increase the 
likclihood that S would favor the class com- 
parison process as it became more efficient and 
the item comparison process became relatively 
less efficient. This would result in a strategy 
shift rather than a change in the mixture of 
class processing and item processing within a 
block of trials, but both situations would affect 
average RT in the same way. 


1 Certainly, whether processing on the basis of 
memory scanning or on the basis of familiarity oc- 
curs must be related to the relative efficiency of the 
memory scanning operation. Note that at M=1 
of the unknown negative set condition where. the 
difference in frequency of occurrence for positive 
and negative items is largest, item comparison 
seemed to occur, This suggests that there must 
be some fixed cost in time associated with familiar- 
ity processing which is independent of the differ- 
ence in familiarity of the classes of items being 
compared and is greater than the item processing 
(memory scanning) time for the M=1 condition. 
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What effect would this have on the form of 
the functional relationship between RT and 
positive set size? Familiarity processing would 
produce deviations from linearity by lowering 
average RT for large positive set sizes for a 
condition such as the fixed negative set condi- 
tion (in which familiarity processing can oc- 
cur) relative to a condition such as the varied 
negative set condition (in which familiarity 
processing cannot occur). Such deviations 
from linearity would produce an approximate 
logarithmic function relating RT to memory 
load, and this is what is observed in these data 
for the fixed negative set group. This account 
is similar to a more detailed model of familiar- 


ity effects given by Atkinson and his co-work- 


ers Atkinson & Juola, 1972; Juola et al., 1971), 

Notice what produced this change from a . 
linear to a logarithmic relationship. The crit- 
ical change in processing strategy was related 
to how the negative set information was treated. 
When the negative set items could be treated 
as a class rather than as individual items, then 
the deviation from linearity toward a logarith- 
mic relationship was predicted by the proposed 
processing strategies. This is exactly one of 
the basic assumptions underlying the H, con- 
cept mentioned earlier. As Briggs and Swan- 
son (1970) proposed, it is the probability of 
the negative set taken as a class of items, not 
as individual items, that enters into the calcula- 
tion of H,. Processing on the basis of familiar- 
ity is one way in which the negative set might _ 
be treated as a class of items rather than as 
individual items. 

The present experiment, then, offers a pos- 
sible explanation for the differences in the 
literature concerning the form of the functional 
relationship between RT and positive set size. 
The suggestion is this: Processing on the basis 
of an item scanning operation and processing: 
on the basis of a class dimension (possibly. 
familiarity) both occur. Either process can 
result in classification according to positive set. 
membership. Depending upon the experimental — 
conditions (which determine whether or not a 
class dimension can be used efficiently), either 
a linear or a logarithmic relationship between 
RT and positive set size may be observed. 
The type of negative set, which has been a 
neglected factor in previous research, is im- 
portant in determining which relationship will 


result. 
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“ROR PATTERNS IN DELAYED PITCH COMPARISON 
AS A FUNCTION OF RELATIONAL CONTEXT? 


DIANA DEUTSCH ? AND PHILIP L. ROLL 
University of California, San Diego 


The Ss made delayed pitch comparisons when the tones to be compared were 
accompanied by tones of lower pitch. The pitches of these accompanying 
tones were so chosen that in some conditions the intervals formed by the stan- 
dard and comparison combinations were identical, and in others they differed. 
This was true both when the standard and comparison tone pitches differed and i 
also when these were identical. Although Ss were instructed to attend only 
to the standard and comparison tones, a substantial effect of relational context 
was manifest. When the standard and comparison tones differed, but were in 
an equivalent relational context, there resulted an increased tendency for their 
pitches to be judged as identical. When the standard and comparison tones 
were identical, but were in different relational contexts, there resulted an in- 


“aio 


creased tendency for their pitches to be judged as different. 


Previous research has shown that pitch 
nformation is retained in a system possess- 
ag a high degree of organization and 
:pecificity. When two temporally sepa- 
1 ited tones are compared for pitch, the 
i:terpolation of a further tone during the 
r tention interval impairs performance 
( Vickelgren, 1966). When several tones 


form, we may even become unaware of a 


! This work was supported by U. S. Public Health 
Service Grant MH-21001-03, 
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California, San Diego, P. O. Box 109, La Jolla, 
California 92037. 


change of key (Attneave & Olson, 1971; 
Deutsch, 1969). One must conclude that, 
compared with absolute pitch values, rela- 
tional information is held very securely in 
memory. The question therefore arises as 
to how these two types of information 
interact in memory. 

The simultaneous presentation of two 


^ «¿cc interpolated, error rates vary precisely tones results in the perception of a musical 
aod systematically as a function of the interval; and pairs of tones form intervals 
i-lationships between the test tones and of the same apparent size when their wave- 
tie intervening tones (Deutsch, 1972b). form frequencies are related by the same 
lurthermore, specific sources of memory ratio. Since the musical scale is logarith- 
disruption exhibit partial octave generaliza- mic, pairs of tones appear to stand in the 
tion, which shows that this memory system same relationship when the members of 
involves both “tone height" and “tone each pair are separated by the same dis- 
chroma” components (Deutsch, 1973b). tance along this scale (ie, by the same 

w= ^" ' clear, however, that the store re- number of semitones). 
cg pitch information must be only a In the present study, Ss were required 
subdivision of the tonal memory system. to make delayed pitch comparison judg- 
In listening to music we easily recognize ments when the tones to be compared were 
transposed melodies or harmonic sequences accompanied simultaneously by tones of 
as familiar, even though their component lower pitch. The accompanying tones were 
pitches have altered. Indeed, providing presented to a different ear and Ss were 
that sufficient time or interference occurs instructed to ignore them, The pitches of 
between the initial presentation of a musical these accompanying tones were so chosen 

t. sequence and its repetition in transposed that in some conditions the intervals formed 


by the components of standard and com- 
parison combinations were identical, and 
in other conditions they differed. Further, 
these different patterns of relationship were 
present both in conditions where standard 
and comparison tone pitches were identical, 
and also where they differed. This general 
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Ficure 1. Diagrammatic representation of the 
conditions of Experiment I. (S = standard com- 
bination, C — comparison combination. Vertical 
- distance between two circles represents interval size 
in semitones. Circles placed intermediate between 
. the standard and comparison combinations repre- 
- sent critical intervening tones and their pitches 
- relative to those of the standard and comparison 
combinations.) 


It was hypothesized that a 
substantial influence of relational context 
_ would be manifest. Further, the standard 


Y 
m 


z and comparison combinations were always 


- Separated by a retention interval during 
which other tones were interpolated. Tones 
- bearing specific relationships to the com- 
4 ponents of the standard or comparison 

combinations were systematically included 
? in the intervening sequence, in order to 
provide a better understanding of the in- 
teractions obtained. 


EXPERIMENT I 
Method. 


Procedure, The Ss listened to a standard tone, 
which was followed by a sequence of six interpolated 
tones, and then, after a pause, by a comparison tone. 
The standard and comparison tones were always 
accompanied by tones of lower pitch. The Ss were 
instructed to listen to the upper tone of the standard 
combination and ignore the lower tone, to ignore 
the six intervening tones, and then to judge whether 
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the upper tone of the comparison c 
the same or different in pitch fro: 
of the standard combination. The 
their judgments by writing “S” 
(different) on paper. Before emb: 
perimental session, Ss were played 
of these sequences, and care wa: 
that they understood the task. 
Temporal parameters. In each s: 
were 300 msec. in duration. T) 


»bination was 1 

he upper tone 

hen indicated 

une) or "D" 
g on the ex- 
ral examples — 
n to insure 


nce, all tones 
ime. interval 


between the standard combinati 1d the first 
intervening tone was 500 msec., an intervening 
tones were also spaced 500 msec. t. A 2-sec, 
pause was incorporated between th« intervening 
tone and the comparison combina Sequences 
were separated by 10-sec. pauses | an extra 
2-min. pause was incorporated at the «. ': of every 12 
sequences. 

Conditions. In all conditions, th« :dard tone 
was separated fróm its accompa one by an 
interval of seven semitones (a music h). How- 
ever, the relationship between the « rison tone 


and its partner varied depending : »e experi- 
mental condition. 

"There were seven conditions in whic! standard 
and comparison tones were identic: lhese are 
shown in diagram form in Figure 1. |» ^ onditions 
A, B, and C, the tones accompanying standard 
and comparison tones were also identics' in pitch, 
so the intervals formed by the stand: nd com- 
parison combinations were also identic size. Ind 
Condition A, a tone that was a semitone ‘gher than 
the tone accompanying the standarc nd com: 
parison) tone was included in the : id serial 
position of the intervening sequence. ondition 
B, a tone that was a semitone lower was +o included: 
In Condition C, no tone a semitone rc::.oved from 
the standard (and comparison) tone wo» included 


in the intervening sequence. In Conditions D, E, 
F, and G, the tone accompanying the comparison 
tone was a semitone removed from the tone at 
companying the standard tone, so the intervals 
formed by the standard and compariso: combina- 
tions also differed in size by a semitone. In Condi- 
tions D and E, the tone accompanying the com- 
parison tone was a semitone higher thon the tone 
accompanying the standard tone; in Conditions F 
and G it was a semitone lower. Further, in Condi- 
tions E and G, a tone that was identical in pitch 
to the tone accompanying the comparison tone was 
included in the second serial position of the inter" 
vening sequence. In Conditions D and F, no such 
tone was included. 

There were eight conditions in which the standard 
and comparison tones differed in pitch by a semi 
tone. These are also shown in diagram form i^ 
Figure 1. In Conditions H, I, J, and K, the pitches 
of the accompanying tones remained the same, 50 
that the intervals formed by the standard and com" 
parison combinations also differed in size by a semi- 
tone. In Conditions H and I, the comparison tone 
was a semitone higher in pitch than the standa 
tone; and in Conditions J and K, it was a semitont 
lower. Further, in Conditions I and K, a tone that 


h to the comparison tone was 
! serial position of the interven- 
Conditions L, M, N, and O, the 
ing the standard and comparison 
Pitch by a semitone. This difference 
lways in the same direction as the difference 
en the standard and comparison tones, so the 
intervals formed by the standard and comparison 
“combinations were identical in size. In Conditions 
‘Land M, the comparison tone was a semitone higher 
the standard tone, and in Conditions N and oO, 
it was a semitone lower. Further, in Conditions M 
Land O, a tone of the same pitch as the comparison 
tone was included in the second serial position of the 
"intervening sequence, and a tone of the same pitch 
"as the tone accompanying the comparison tone was 
‘included in the third serial position. 
© — Each condition employed one example of each of 
the standard combinations (see below), except for 
Condition C, which employed two. (The reason 
[X for doubling the number of sequences in Condition 
C was to equalize the number of sequences where 
the stancon) and comparison tones were the same 
in pitch 'red to different; where the lower tone 
Bhifte:! red to where it remained the same; 
- and critical tone was included compared to 


not in ) The tape therefore consisted of 96 

Sequence he Ss listened to the entire tape on 2 

separate Joys and the results were averaged. Each 

© S therefore made 12 judgments for each condition, 
except for Condition C, where he made 24, 

Tonal stimuli. These were taken from an equal 

tempered scale (international pitch; A = 435) and 


ranged from A# below middle C to the E over an 
octave above. The following frequencies (in hertz) 
€ were employed: A# = 230, B = 244, C = 259, C2 
E = 274, D = 290, D# = 308, E = 326, F = 345, 
T F# = 366,G = 388, G# = 411, A = 435, Ag = 461, 
. B = 488, C = 517, C# = 548, D = 581, DZ = 516, 
and E = 652. The following standard combina- 
- tions were employed: F = 345, A = 230; G = 388, 
| C = 259; A = 435, D = 290; B = 488, E = 326; 
C# = 548, F# = 366; and Dë = 615, G# = 411. 
The interpolated tones, except as specified by the 
experimental condition, were chosen randomly from 
the frequencies listed above, with the following 
restrictions. No sequence included repeated tones, 
or tones separated by octaves. No intervening 
Sequence included tones that were the same in 
- pitch as either the standard tone or the tone ac- 
companying the standard tone, or that was separated 
from either by a semitone; and no sequence con- 
- tained tones that were exactly an octave removed 
- from any of these. A 
Subjects. Sixteen undergraduates at the Uni- 
versity of California at San Diego served as Ss for 
the experiment. They were selected on the basis 
- of obtaining a score of at least 90% correct on a 
small tape containing similar sequences, but where 
the standard and comparison tones were not ac- 
companied by tones of lower pitch, The Ss were 
paid for their services. 
Apparatus. Tones were generated by two Wavetek 
Oscillators controlled by a PDP 8 computer, and the 
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output was recorded on high fidelity tape. The 
tape was played to Ss on a high quality tape re- 
corder, the output of which was passed through a 
frequency balance control (Advent Corporation) 
and a Fisher Stereo Master Control Amplifier, with 
the controls adjusted so that the tones were equal 
in apparent loudness. The output was played to 
Ss through earphones. The two components of 
each standard and comparison combination were 
fed to separate ears, and the intervening tones were 
fed simultaneously to both ears, 


Results 


The results were analyzed separately for 
sequences where the standard and com- 
parison tones were identical in pitch, and 
for sequences where they differed. 

Standard and comparison tones identical. 
The error rates for Conditions A, B, C, D, 
E, F, and G were, respectively, 5.7, 9.4, 
7.6, 31.3, 31.8, 40.6, and 11.5. The results 
were analyzed in a 2 X 2 X 2 repeated- 
measures analysis of variance, with the 
second and third factor nested within the 
first. The three factors tested were the 
effect of a lower tone shift (Conditions A, 
B, C vs. D, E, F, G); the effect of direction 
of lower tone shift (Conditions D, E vs, 
F, G); and the effects of the critical inter- 
polated tone (Condition C vs. A, B, and 
Conditions D, F vs. E, G). 

The effect of a lower tone shift was 
found to be highly significant, F (1, 15) = 
43.1, p < .01. Indeed, a substantial incre- 
ment in errors occurred when the standard 
and comparison tones were placed in dif- 
ferent relational contexts (Table 1), The 
effect of the critical interpolated tone was 
highly significant given a lower tone shift, 
F (1,15) = 16.7, p < .01. However, this 
effect only occurred when the lower tone 
shifted downward but not upward ; and, as. 
expected, the interaction between the effect 
of the interpolated tone and the direction 
of lower tone shift was highly significant, 
F (1, 15) = 12.29, p < .01, There was no 
effect of the interpolated tone where the 
lower tone remained the same, F < 1, and 
there was no overall effect of direction of 
lower tone shift, F (1, 30) = 2.92, p > .05. 

Slandard and comparison tones different. 
The error rates for Conditions H, 1, J, K, 
L, M, N, and O were respectively, 5.2, 34.4, 
3.7, 27.1, 7.8, 53.1, 17.2, and 43.8. The 
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TABLE 1 


EFFECT OF CHANGING RELATIONAL CONTEXT IN 
EXPERIMENT I; STANDARD AND COMPARISON 
TONES IDENTICAL IN PITCH 


Condition 
Tones and intervals 
A,B,C D,E F,G 
Lower tone of comparison 
combination compared to d ^ 
that of standard Semitone | Semitone 
combination. Same higher lower 
Interval formed by - 
comparison combination a; x 
compared to that formed Semitone | Semitone 
by standard combination | Same smaller larger 
% errors 7.6 315 26.0 


results were analyzed in a 2 X 2 X 2 re- 
peated-measures analysis of variance with 
the second and third factors nested within 
the first. The three factors tested were 
the effect of a lower tone shift (Conditions 
H, I, J, K vs. L, M, N, O), the effect of 
whether the comparison tone was lower or 
higher than the standard tone (Conditions 
H, I vs. J, K, and Conditions L, M vs. 
N, O), and the effects of the critical inter- 
polated tones (Conditions H, J vs. I, K, 
and Conditions L, N vs. M, O). 

The effect of a lower tone shift was 
found to be highly significant, F (1, 15) — 
53.6, p < .01. As is shown on Table 2, 
a substantial increase in errors occurred 
when the lower tones of the standard and 
comparison combinations shifted in parallel 
with the higher tones, so that the relation- 
ship within the combinations was pre- 
served. In a separate test involving only 
sequences where no critical tones were in- 
terpolated (Conditions H, J vs. L, N), this 
effect was still found to be highly signifi- 
cant, F (1, 15) = 9.91, p < .01. The 
overall significance was not, therefore, due 
to the effect in sequences containing critical 
interpolated tones alone. The effect of the 
critical interpolated tones was also highly 
significant, both when the lower tones 
shifted, F (1, 30) = 95.4, p < .01, and 
also when they remained the same, F (1, 30) 
= 50.1, < .01. There were no significant 
effects depending on whether the com- 
parison tone was lower or higher than the 
standard tone, neither when the lower tone 
shifted, F < 1, nor when it remained the 
same, F (1, 30) = 1.78, p > .05. 
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Discussion 


compari- 


It can be seen that errors in p 
son increase substantially in the -esence of | 
conflicting relational informatio Thus, in 


sequences where the standard an: 
tones are identical, errors incre 
accompanying tones differ so tha! 
and comparison combinations f 


aparison 
aen their 

tandard 
different. 


intervals (Table 1). Similarly, quences 
where the standard and comp: n tones 
differ, errors increase when the * tones 
shift in a parallel direction, so th he stan- 
dard and comparison combination: ı identi- 
cal intervals (Table 2). It theref ippears 
that memory for the relationshi ithin a 
tonal combination is so powerful : it sub- 
stantially interferes with memory one of 
its components, even after only a fe. seconds 
have elapsed. 

Other possible interpretations n, how- 
ever, be considered. One is that s were | 


s argu- 
ore the 

since. 

when 
ı when 
juences: 
1es are 
nterval- 
n com- 
d by a 
tones. 


simply judging the wrong tone. 
ment cannot apply to sequences 
standard and comparison tones « 
here there are increased reports of 
the lower tones also differ compared \ 
they remain the same. However, in 
where the standard and comparison 
identical, a difference in the size of th 
formed by the standard and compa 
binations must of necessity be prod: 
difference in the pitches of the low 
The question therefore arises as to wh t extent 
errors here were due to the recogni: on of à 
different tone in the comparison com ‘ination, 
rather than to the recognition of a different: 
interval. 
This question was explored along various | 
lines. First, it was reasoned that if Ss were 
indeed judging the wrong tone, then their 
judgments of whether the comparison tone 
was higher or lower than the standard tone p 
should depend on the direction in which the 
lower tone pitches shifted. Accordingly, the 
tape was again presented to these Ss, but 
they were required this time to judge whether” 
the comparison tone was the same as, higher | 
than, or lower than the standard tone. No 
correlation was found between the direction” 
of apparent pitch difference between the 
standard and comparison tones when they 
were really identical, and the direction in 
which their accompanying tones differed. 
Yet Ss showed only 2% errors in such judg- 
ments of direction when the standard and 
comparison tones did in fact differ, so this 


UT MB CUM QU UP We 


ERROR PATTERNS IN DELAYED PITCH COMPARISONS 103 
TABLE 2 
EFFECT OF CHANGING RELATIONAL CONTEXT IN EXPERIMENT ES 
STANDARD AND COMPARISON TONES DIFFERENT IN Prrcu 
Condition 
Tones and intervals 
H,I J.K LM N,O 
Com; «ison tone compared to standard tone Semitone | Semitone | Semitone Semitone 
i ie higher lower higher lower 
Low r tone of comparison combination compared Semitone Semitone 
that of standard combination - Same Same higher lower 
Iv erval formed by comparison combination com- Semitone | Semitone 
vared to that formed by standard combination larger smaller Same Same 
% errors 19.8 15.4 30.5 30.5 


lack of correlation was not due to an inability 
to use the “higher” and “lower” categories. 

Two further attempts were made to confirm 
the hypothesis that Ss were sometimes judging 
the wrong tone. These involved the effects 
of the critical interpolated tones. First, it had 
previously been shown that when the standard 
and comparison tones are identical in pitch, 
inclusion in the intervening sequence of a tone 
that is a semitone higher or lower produces an 
increase in errors (Deutsch, 1973a). It was 
therefore reasoned that if in the present ex- 
'eriment Ss were sometimes judging the wrong 
tone, errors might also be made to increase in 
sequences where the accompanying tones are 
identical, by including among the interpolated 
tones a tone that is a semitone higher or lower 
than this accompanying tone. However, as 
described in the results section, no effect of 
such an interpolated tone was found (Condi- 
tions C vs. A and B). 

Second, it was reasoned that if Ss were at 
times basing their different judgments on the 


“perceived newness of the lower tone pitch, 


this might to some extent be counteracted by 
including a tone of this pitch among the inter- 
polated tones (Deutsch, 1972a). And here a 
Significant effect of the interpolated tone was 
indeed found, as described in the results section 
(Conditions D, F vs. E, G). However, this 


. effect was present only in sequences where the 


» clear. 


lower tone shifted downward but not upward; 
so the explanation for this phenomenon is un- 
It does, however, provide some indica- 
tion that judgments of the lower tone pitches 
were involved. But it must again be stressed 
that this line of argument can apply only to 
Sequences where the standard and comparison 
tones were identical in pitch. In sequences 
where they differed, judgment of the wrong 
tone,would have led to an error pattern op- 
posite to the pattern obtained here. 


In sequences where the standard and com. 
parison tones differ in pitch, a substantial 


increase in errors is produced by including in — 


the interpolated sequence tones of the same 
pitches as components of the comparison 
combination. This is as expected from previ- 
ous studies, and a theoretical basis for this 
effect has been proposed (Deutsch, 1972a), 
In the present experiment, this source of con- 
fusion is shown to cumulate with the confusion 
produced by the identical relational context, 
so that an extremely powerful misrecognition 
effect is produced. As is shown on Table 3, 
the error rate changes from 4% when neither 
source of confusion is present to 48% when 
both sources of confusion occur in the same 
sequence! 

Finally, another hypothesis might be ad- 
vanced to explain the decrease in pitch com- 
parison performance, here interpreted as due 
to the presence of conflicting relational in- 
formation. It will be noted that both in 
sequences where the standard and comparison 
tones are identical in pitch and also where - 
they differ, errors are more numerous when 
the lower tones differ than when they are 
identical. One might therefore argue that this 
change in the lower tone pitch produces a 
general change in the stimulus situation, re- 
sulting in a performance decrement that is 
independent of the storage of tonal relation- 
ships. If this were so, then an alteration in 
the lower tone pitch should produce an in- 
crease in errors, irrespective of whether or not 
the relationship within the combination is 
preserved by this maneuver. Thus, in se- 
quences where the standard and comparison 
tones differ, increased errors should also occur - 
when the lower tone shifts in the direction 
opposite to the direction of difference between 
the standard and comparison tones. 


Experi- - 


‘ 
1 


3 
4 
| 


i 
if 


a 
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TABLE 3 
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EFFECT or INCLUDING IN INTERPOLATED SEQUENCE TONES OF THE SAME PrrcH as Comro tS OF THE 
4 COMPARISON COMBINATION (STANDARD AND COMPARISON TONES DIFFERENT IN |: 0% 
Condition 
Intervals and tones 
H.J LK LN | 0 
T I 
Size of interval formed by comparison : i : | 
combination compared to that formed by Different | Different Same | 
standard combination : rrt E 
Pitch of components of comparison combination : San both 
interpolated Same as com- ec ents 
parison | of parison 
None tone None | cc ition 
% errors 44 30.7 12.5 | l 
ment II was designed to control for this correct, an increased tendency to recog- 
possibility. nize the comparison tone as identic to the + 
standard tone might also result v on the 
i EXPERIMENT II E CX 
SPERMEN comparison combination forms urth, 
Experiment II was identical to Experi- but not when it forms a sixth. 
-ment I, except for the following difference. 
In the conditions where the standard and Method 
rison tones di! in pi 3 e Tm EA T 
get tones d ffered ne puc Mom Conditions. The conditions in Exp: nt IL 
ever their accompanying tones also dıl- were identical to those in Experiment 1, *pt for 
- fered, this was in the opposite direction the following. In Conditions L, M, N, © | O, the 
rather than in parallel. That is, when the tones accompanying the standard and c parison 
comparison tone was a semitone higher "es still differed in pitch by a semitone, 'ıt now - 
the direction of this shift was opposite to œ direc- 
than the standard tone, the lower tone tion of shift between the standard and co parison 
shifted downward by a semitone. When tones. These new patterns of relationship shown 
the comparison tone was a semitone lower, on Figure 2. Thus, in Conditions L and M , ^e com- 
the lower tone shifted upward. Since the Parison tone was higher than the standard ‘one, and 
standard combination always formed an ‘Pe accompanying tone shifted downwarc ; so that 
m T it ( ical fifth the comparison combination formed an iv crval of 
Revo QHSCVOH SEIBILODOS KATUSA ) nine semitones. In Conditions N and O, ihe com- 
this means that whenever the comparison parison tone was a semitone lower than the standard 
tone was higher than the standard tone, tone, and the accompanying tone shifted upward; 
the comparison combination formed an ‘°° that the comparison combination formed an inter- 
interval of nine semitones (a musical sixth) ; experiment I, in Condy 
' tions M and O a tone of the same pitch as the 


and when the comparison tone was lower 
than the standard tone, the comparison 
combination formed an interval of five 
semitones (a musical fourth). 
' This pattern of relationships has very 
interesting implications. In music theory, 
given an interval of n semitones, an interval 
- of 12 — n semitones is considered equiva- 
lent under certain circumstances. The 
operation relating two such intervals is 
known in musical terminology as inversion. 
Now a fourth is a musical inversion of a 
fifth; however, there is no operation of 
equivalence linking a fifth to a sixth. 
Therefore, if our present hypothesis is 


comparison tone was included in the second serial 
position of the intervening sequence, and a tone of 
the same pitch as the tone accompanying the com- 
parison tone was included in the third serial position. 4 

In all other respects the conditions were the same 
as in Experiment I. The Ss listened to the entire 
tape for 3 separate days, and their results were 
averaged. 
à Tonal stimuli. These were the same as those used 
in Experiment I, except as specified by the experi- 
mental conditions. 

Apparatus. This was the same as was used in | 
Experiment I. 1 

Subjects. Fifteen undergraduates at the Uni- 
versity of California at San Diego served as 5s for 
this experiment. They were selected according t9 
the same criteria as for Experiment I and were pal 
for their services. 


STANDARD AND COMPARISON 
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TABLE 4 
EFFECT OF CHANGING RELATIONAL CONTEXT IN EXPERIMENT IT: 


Tones DIFFERENT IN PrrCH 


Condition 
Tones and intervals 
H,I J.K L,M N,O 
Com; on tone compared to standard tone Semitone | Semitone | Semitone Semitone 
; Cee higher lower higher lower 
Lowe. tone of comparison combination ` Semitone Semitone 
cu pared to that of standard combination | Same Same lower higher 
Inte val formed by comparison combination ; 
‘pared to that formed by standard Semitone | Semitone | Two semitones | Two semitones 
»mbination larger smaller larger smaller 
% errors 23.2 18.3 16.1 26.0 


Note. In Conditions N, O the interval formed by the 
of the interval formed by the standard combination. 


- Results 


The results were analyzed in the same 
. ‘ashion as in Experiment I. 
«Standard and comparison tones identical. 
‘he error rates for Conditions A, B, C, D, 
.. £, F, and G were, respectively, 11.9, 10.4, 
| J.3, 31.1, 29.3, 36.3, and 20.4. A2X2X2 
ested analysis of variance with repeated 
easures produced the same pattern of 
‘rors as in Experiment I. The effect of the 
‘ower tone shift was highly significant, F 
44, 14) = 36.68, p < .01, as was the effect 
of the critical intervening tone given a 
lower tone shift, F (1, 14) = 13.58, p < .01. 
À significant interaction also occurred be- 
tween the effect of the critical intervening 
tone and the direction of lower tone shift, 
"F (1, 14) = 613, p < .05. No other 
significances were obtained. 

Standard and comparison tones different. 
The error rates for Conditions H, I, J, K, 
L, M, N, and O were, respectively, 10.7, 
35.6, 6.3, 30.4, 3.7, 28.5, 11.9, and 39.3. 
Table 4 shows the error rates when the 
tones were placed in different relational 
contexts. A 2 X 2 X 2 nested analysis of 
—variance with repeated measures showed 
the effects of the critical interpolated tones 
to be highly significant, both when the 
lower tone shifted, F (1, 28) = 42.87, p < 
:01, and also when it remained the same, 
F (1, 28) = 37.57, p < .01. However, in 
contrast to the findings of Experiment I, 
there was no overall effect of shifting the 


comparison combination is an exact musical inversion 


lower tone pitch, F < 1. Thus the increase 
in errors obtained in Experiment I when 
the lower tone shifted could not have been 
due to a general change in the stimulus 
situation, but rather to the preservation of 
the relationship within the combination. 
There was also no significant effect of 
whether the comparison tone was lower or 
higher than the standard tone in sequences 
where the lower tone remained the same, 
F (1, 28) = 1.66, p > .05. However, 
there was a significant effect where the 
lower tone also shifted so that the interval 
formed by the comparison combination 
was an inversion of the interval formed by 
the standard combination, F (1, 28) = 

6.35, p < .05. There was no interaction 

between this effect and the effect of the 

critical interpolated tones, F < 1. 
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Ficure 2. Diagrammatic representation of Con- 


ditions L, M, N, and O of Experiment II. (S — 
standard combination, C comparison combina- 
tion. Vertical distance between two circles repre- 
sents interval size in semitones. Circles placed 
intermediate between the standard and comparison. 
combinations represent critical intervening tones 
and their pitches relative to those of the standard 
and comparison combinations.) 


GENERAL DISCUSSION - 


Combining the results of both experiments, 
it can be concluded that when two tones that 
- differ in pitch are placed in an equivalent 
relational context, there results a tendency 
-for the pitch of one tone to be misrecognized 
as the same as the other. Similarly, when two 
tones that are identical in pitch are placed in 
different relational contexts, there results a 
tendency for their pitches to be judged as 
different. Since in these experiments the two 
components of the standard and comparison 
combinations were presented to separate ears, 
these effects could not have been due to 
patterns of harmonics in the stimulus combina- 
tions (Helmholtz, 1862/1954). One question 
that arises involves the possible mediation of 
verbal labeling in the confusions generated by 
_ the interval information. Accordingly, Ss were 
asked after the experiment to label the inter- 
_ vals they had heard. None of them were able 
= to do this, and upon questioning none were 
even found to be aware that the difficulty of 
their task might have been related to the 
pattern of intervals formed by the standard 
and comparison combinations. An explana- 
tion in terms of verbal mediation therefore 
appears quite improbable. 

The pattern of errors found in Experiment 
II also sheds light on the organization of 
memory for tonal relationships. The findings 
strongly indicate that the storage of interval 
information involves a shape recognition op- 
eration which treats inverted intervals as 
equivalent. This is in accordance with the 
findings of Plomp, Wagenaar, and Mimpen 
(1973), who studied patterns of confusion in 
- judgments of interval by musically trained Ss, 

The intervals employed in their experiment 
. varied in semitone steps from a minor second 
to an octave. These authors found that Ss in 
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general confused intervals on th. basis of their 


size; however, they also tendo! to confuse l 
fifths and fourths with each ot < more than _ 
either with diminished fifths. ‘fusions be- — 
tween seconds and seventh 1 between 
thirds and sixths also emerge lowever, it 5 
might be argued that since t! employed - 
by Plomp et al. were musically . »histicated, ^ 


their results could have be: ue 
patterns of equivalences acqui 


to the 
verbally in 


the course of musical training 't, as diss 

cussed above, verbal mediatio very un- 

likely to have played a role ;e present 
experiment. 
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SHORT REPORTS 


RECOGNITION OF ABSTRACT AND CONCRETE WORDS PRESENTED 
IN LEFT AND RIGHT VISUAL FIELDS 


HADYN D, ELLIS! Anp JOHN W, SHEPHERD 
University of Aberdeen, Old Aberdeen, Scotland 


Tachistoscopically Presented words falling in the 
right visual field (RVF) have generally been found to high fi 
to be better recognized than when they occur in the Marshall's (| 
left visual field (LVF). One explanation of this viously very different from Gazzaniga's (1970), but 
hemifield asymmetry is that such briefly exposed even 50 some sort of reconciliation between their 
Stimuli are immediately relayed from the RVF to two conclusions is possible. It is likely that the 
he left hemisphere (White, 1969). Clinical evidence stimulus words employed by Gazzaniga differed not 
indicated that this hemisphere is usually domi- only in syntactic category but also in concreteness, 
nant for handling verbal input. Some workers have ^ Noun-object words are highly concrete whereas 
even claimed that the left hemisphere contains the verbs are usually not, (Marshall does not indicate 
sole verbal processing capacity in most individuals. whether his nouns were abstract or concrete.) The 
Others, however, have posited that the right hemi- following experiment was designed to test the rela- 
Sphere does possess some ability to process words — tive abilities of the two hemispheres to recognize 
(see Dimond, 1972, for a review). But what kinds nouns classed as either high or low in concreteness, 
of words, if any, are more likely to be successfully It is predicted that, while words presented in the — — 
_ Processed by the right hemisphere? RVF will be better recognized overall than words — 
3 Gazzaniga (1970) observed that some split-brain falling in the LVF, concrete words will be better 
patients were able to recognize certain types of recognized than abstract words When they occur in 
Words exclusively presented to their right, or non- the LVF. 
dominant, hemisphere. These words were described Method, Twenty concrete and 20 abstract words 
- by Gazzaniga as "noun-object words," Sometimes (i.e., above 6.3 and below 42, respectively, on the 
- adjectives could also be recognized, but verbs were scale of concreteness published by Paivio, Yuille, 
„ Never identified by the right hemisphere. The and Madigan, 1968) were selected to be equivalent 
t sketchy procedure described by Gazzaniga, as well in length (4 or 5 letters) and in Thorndike-Lorge 
© as the lock of statistical analysis of his data, re- (1944) frequency counts. Thus each concrete word 
L quire * his conclusions regarding the ability of “matched” a particular abstract word. The result- 
the : dominant hemisphere to analyze certain ing pairs were then typed in black, uppercase elite 
Word: be accepted with caution, type on white cards, The end of the left-hand 
EM: (1973) has since made brief reference word and the beginning of the right-hand word were - 
Pto an cxperiment aimed at testing Gazzaniga's equidistant from the center of the card (1.259), Two 
91970) conclusions using the tachistoscopic proce- ^ sets of 20 cards were prepared so that each pair | 
“dure wi. normal Ss. He was unable to find evidence ^ occurred once in each set but in a reversed position — 
"for diff... ntial responsiveness for verbs and nouns . (ie, a particular card would have the concrete word — 
falling ix the LVEF ; but in the RVF nouns were the ^ on the left and the abstract word on the right for 
More eas’, detected. He argued that, unlike the one set, and the positions reversed for the other set). 
le here, the right hemisphere does not The two sets were thus completely balanced, 

i semantic memory according to any The procedure involved asking S to binocularly 
Particular syntactic referencing system. Instead, fixate a small red dot centered on a preexposure — 
- Marshall observed the right hemisphere to more field of a three-field tachistoscope (Electronic De- 
readily recognize high frequency words compared velopments), and to press a button when he was 
With low frequency ones, and concluded that in the ready. Then two words, each occupying 1.89 or - 
EN 2.3°, depending on length, were exposed for 150 | 

e Requests for reprints should be sent to Hadyn D. Ellis, msec. followed by a blank field. The S was then 


st Ol Aberdeen, AB 208, Seta," KES aked to report the words ser on, failing that tam 
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TABLE 1 


2 N ERROR SCORES AND SDs or 12 Ss FoR Borg Worb TYPES 
apes Born HEMIFIELDS IN WHicH THEY WERE SHOWN 


Word type 
Position. Abstract Concrete 
M SD M SD 
LVE 7.6 1.6 5.0 2.2 
RVF 4S 2.3 3.6 27 


Note. Abbreviations: LVF = left visual field; RVF = right 
visual field. 


identify any letters he could from each half of the 
field. Four practice trials preceded the 20 experi- 
mental trials. 
The Ss comprised six right-handed men and six 
right-handed women drawn from students and an 
S panel made up of members of the general public. 
Results and discussion. Only the whole-word 
error scores will be considered here because the 
partial error scores do not bear upon the original 
research hypotheses. The mean whole-word error 
= scores are given in Table 1. 

Analysis of these errors indicated the expected 
overall superiority in recognizing words falling in 
the RVF, F (1, 11) — 9.58, p « .025. A more 
interesting result, however, is the significant Word 
.. X Position interaction, F (1, 11) = 5.34, p < 05. 

Further analysis by the Tukey test revealed that, 
While abstract and concrete words falling in the 

RVF do not differ significantly in probability of 

recognition, concrete words are better recognized 
than abstract words when they occur in the LVF. 

This finding, although perhaps not a very strong 
- one, is in agreement with our prediction. No defini- 
tive explanation for concrete words being better 
| recognized than abstract words falling in the LVF 
can be offered. The following possibilities, however, 
are worth exploring: 
_ 1. Some words are bilaterally represented. These 
tend to be concrete nouns—perhaps because these 
are the kind of words generally acquired when 
_ young (according to Lenneberg, 1967, cerebral domi- 
k nance for language is a developmental process which 
is not complete until adolescence). 

2. Concrete words score high on a scale of imagery 
Whereas abstract words are rated low in imagery 
-(Paivio et al., 1968). It is possible that the pattern 
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hs 


initially at | 
imagery. "1 
one, the left — 
n the output 


recognition system for words arri 

the right hemisphere is facilitated | 
3. Since S’s response was a ver! 

hemisphere must have been emplo: 


stage even for words falling in th: Concrete 
words might have survived the t:: ence across 
the corpus callosum better than ab words. 


It is not logical, however, to | 
words going to the right hemisphe: 
to be analyzed by the left hemisph: 
is no reason to suppose that the n: 
tions of concrete words would be 1 
those of abstract words by the cro 
had been first "recognized" by the : 
itself. 


resize that 
transferred 
ause there 
r presenta- 
:ded than | 
nless they 
emisphere 


Finally, the results also indicated , overall, 
concrete words are more easily r« ed than. 
abstract words, F (1, 11) = 18.59, p i. Paivio 
and O'Neill (1970) were unable to de: rate such" 
a difference with a threshold techni ind con? 
cluded that “associative proc ” evc by words: 
do not aid their recognition. The re ion pro- 


cedure that we have employed oby y 
such processes to influence performan 
stitutes another possible reason for th 
between Marshall's (1973) results 
Gazzaniga (1970) and the present o: 
clear from another article (Marshall, N: 
Holmes, in press) that Marshall emplo 1 
old technique that might somehow ha ecluded 
the operation of associative processes. 4 
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Psycholinguistic researchers have begun to em- 
phasize the effects of context on language processing. 
For example, while early research stressed that 
active sentences were easier to comprehend than 
passives, affirmatives easier than negatives, etc. 
(e.g., Gough, 1965, 1966), subsequent research has 
shown that under appropriate contextual conditions 
such comprehension differences may diminish or 
disappear. Thus Wason (1961) has discussed the 
contexts of plausible denial, Slobin (1966) and Olson 
and Filby (1972) have investigated situations that 
are conducive to the processing of passive sentences, 
and Huttenlocher, Eisenberg, and Strauss (1968) 
have shown that the same sentences may differ in 
ease of comprehensibility depending on the con- 
textual situations to which they refer. Such studies 
are important because they lead one away from 
asking solely about "intrinsic" differences in sen- 
tence processing and orient one toward specifying 
the conditions under which various grammatical 
constructions may be used. 

Contextual considerations are important for re- 
*e^search on sentence memory as well as comprehen- 
sion. Rather than ask how well a particular sen- 
tence or sentence type is recalled or recognized, one 
might inquire into the conditions under which 
memory will be good or poor. Consider, for ex- 
ample, Slobin's (1968) study comparing recall for 
full vs. short ("truncated") passive sentences, The 
latter form deletes any mention of the actor; e.g., 
The floor was washed rather than The floor was 
washed by the janitor, Slobin found that Ss showed 
a very high percentage of verbatim recall for short 
passive (SP), but not for full passive (FP), sentences. 
One might conclude that there is something especi- 
ally distinctive about the "transmission code" (cf. 
Bregman & Strasberg, 1968) of SP sentences that 
_ accounts for their high degree of verbatim recall. 
z On the other hand, there may exist contextual condi- 
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!EMORY FOR SYNTACTIC FORM AS A FUNCTION OF SEMANTIC CONTEXT! 


JEFFERY J. FRANKS anp JOHN D. BRANSFORD? 
Vanderbilt University 


The present study investigates some effects of semantic context on Ss’ abili- 
ties to remember the syntactic form of certain input sentences. Slobin found 
a much higher degree of verbatim recall for sentences in short passive form 
than in full passive form. The present study, using a recognition measure, 
demonstrates that Slobin's results hold when considering short passives for 
which no actor is supplied by extrasentential semantic context. However, 
in the case of short passives for which extrasentential context supplied in- 
formation about the actor, verbatim memory for the short passives was 
greatly reduced, and Ss tended to recognize alternate sentential forms (ac- 
tives and full passives) expressing the meaning of the short passives plus 
the contextually given actor. These results are discussed both with respect 
to the relevance of contextual constraints for memory and with regard to 
the status of sentences as basic units of memory. 


tions under which SP sentences do not result in such 
high degrees of verbatim memory. For example, 
Slobin's findings may depend very little on uniquely 
remembered syntactic properties of SP sentences, but 
instead depend on the fact that semantic information 
about underlying actors was never supplied. The 
present study seeks to determine whether verbatim 
memory for a set of SP sentences can be manipulated 
by varying semantic context, In this study identical 
target sentences are embedded in two different con- 
texts: one that supplies information about the under- 
lying actor (in a subsequent sentence) and one that 
does not. The degree of verbatim memory for the 
SP targets is then assessed. If Slobin's results are 
due mainly to unique syntactic properties of SP 
sentences, then semantic context should have little 
effect on verbatim memory. However, if semantic 
factors are important, the contextual manipulation 
may lead to memory differences. The present ex- 
periment was also designed to allow assessment of 
the replicability of Slobin's original results. 

Method. The Ss were 18 students enrolled in an 
introductory psychology course who received course 
credit for participation in the experiment. Two 
groups of 9 Ss each were read three unrelated para- 
graphs and were asked to listen to them carefully 
because they would later be asked questions about 
them, The three paragraphs were different for the 
two groups but were similar in themes. Each 
paragraph contained approximately 12 sentences 
including short passives, full passives, full actives, 
and 1 sentence with a generalized actor (i.e., some- 
one). For one of the short passives in each para- 
graph (SP-alone) the underlying actor of the 
sentence was not supplied by the remainder of the 
paragraph. For a second short passive (SP-seman- 
tics), the actor was supplied by the immediately 
succeeding sentence. Examples of the latter are as 
follows: After the harvest a huge feast was served. 
Mrs. Brown, who did it, was a very good cook. Bob 
was asked how he liked school. His teacher said that 
she was very glad to hear such news. The two groups 
of Ss received slightly different versions of each 
paragraph in order to counterbalance sentence ma- 


1037 ] 
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‘terials. For example, if a particular SP sentence 
occurred as an SP-alone for one group of Ss, it 
occurred as an SP-semantics for the other group (and 
vice versa). 

a — After exposure to the three paragraphs, Ss were 
given a 3-min. break and then were given a recog- 
nition test for sentences that occurred in the para- 
‘graphs. The Ss received sheets with nine blocks of 
sentences typed on them. Each block of sentences 
contained five syntactic versions of a particular 
semantic idea: a full passive (FP), full active (FA), 
short passive (SP), passive with generalized actor 
(GP), active with generalized actor (GA). One of 
the sentences in each block actually occurred in one 
of the paragraphs. An example of a block of test 
- sentences is as follows: 


FP: After the harvest a huge feast was served by 

x Mrs. Brown. 

— FA: After the harvest Mrs. Brown served a huge 

H feast. 

SP: After the harvest a huge feast was served. 

GP: After the harvest a huge feast was served 
by someone. 

GA: After the harvest someone served a huge 
feast. 


The recognition foils always used actors and actions 
that Ss had actually heard at some point during 
- acquisition. Since each of the nine blocks contained 
one sentence that had actually occurred in a para- 
— graph, the total recognition list contained nine 
S sentences Ss had just heard. Of these nine, three 
— were FP, three were SP-alone, and three were SP- 
- semantics. The Ss’ task was to check the sentence 
in each block that they had actually heard. 

Results, For each type of acquisition sentence 
tested in recognition, i.e., FP, SP-alone, and SP- 
semantic, the proportion of responses to each of the 
the sentence forms in a recognition sentence block 
was computed. These values are presented in 
Table 1. The GA and GP responses have been 
- combined. The proportion of verbatim recognition 
pones ree pie oes and SP-semantic sen- 
tences are .48, .74, and .39, respectively. An 
EA indicated significant differences esto 

ese ee sentence types = 
E wr ypes, F (2, 34) 9.36, 
_ First compare the verbatim recall of FP sentences 
and SP-alone sentences. This comparison corre- 
sponds to the one investigated by Slobin (1968). 
Note that Slobin's SP sentences were equivalent to 


TABLE 1 


Proportion OF RECOGNITION Ri 
-ESPONSES FOR FO) N 
CATEGORIES IDENTIFIED AT RECOGNITION ee 


Recognition sentence block 


fates 
sentence Full Short | Generali: 
l zed 
passive n passive i 
(FP) | active (SP) pensis 
FP 48 E 
-. SP-alone 07 09 5 3 
.. SP-semanti 5 0 
ji cs | 34 27 E 100 
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the present SP-alone sentences. 
verbatim recall for SP than FI 
same pattern of results are reve 
recognition experiment. A S 
verbatim recognition scores f 
FP sentences revealed that these 
were remembered with reliably 
accuracies. Thirteen Ss exhibit 
tion of verbatim recognition fo 
FP sentences and there were fo: 
a sign test. Thus these resu!t 
Slobin. 

Next compare verbatim mem: 
SP-semantic sentences. Since t 
types are the same sentences cou: 
groups, there are no within-s: 
between them. Only extrasen 
textual) information differentiat« 
data indicated that this semant 
marked effect on recognition rat 
able to identify SP-alone senten 
curacy, but the corresponding scor 
sentences dropped to 39%. Thirt 
higher verbatim recognition for 5! 
than for SP-semantic sentences an 
ties (P < .01) by a sign test. 

Discussion. "The results of the pr 


shed some light on the reasons be! 


verbatim memory for SP sentences « 


Slobin (1968). If the syntactic form « 


was the determining factor, one v 
difference in verbatim memory f: 
SP-semantic sentences. 
of both types of SP sentences arc 


only the extrasentential contextual í 
study that differentiate SP-alone fro: 
Thus the basis for the verb 


forms. 


SP-alone sentences must lie in the nature of the | 
semantic information expressed by thon, as Slobin 
suggested. Lack of semantic informa‘ion about an 
actor apparently restricts the syntactic form into 


which sentences might be recorded. t 
information is supplied by the semantic context, a8 
in the SP-semantic sentences, there is a greater 


tendency to recode the information 


syntactic forms. These data appear related to the. 
results of Bregman and Strasberg (1968) indicating 
that Ss often reconstruct information about synta* 
For example, ong 
might remember whether a sentence was expresse? 
in an affirmative or negative form by remembering. 
that he agreed with what that particular sentence | 
expressed. In the present experiments it is the lack 
of semantic information, i.e., the lack of the actor 
that appears to lead to reconstruction of the E 


from semantic information. 


style of expression. When such 


supplied by the linguistic context, Ss tend to thi 


they heard other syntactic forms. 


The present study also provides evidence 


more general question of whether 


sentence should be considered the unit of memory: 
These experiments support a view of linguist 
memory that emphasizes integrated semantic repte 
sentations (see also Barclay, 1973; Bransfor 


The synta 


le found better 
ences, and the 
in the present 
S analysis of 
SP-alone vs. 
entence types - 
rent verbatim. 
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ilone than for — 
b < 01) by 
cate those of 
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Franks, 1973). "They do not support the assumption 
of the sentence as the basic unit of memory. In 
many cases the information in memory seems to be 
an integration of the information contained in a 
number of sentences, as was evidenced by the fact 
that SP-semantic inputs used in the present study 
often resulted in outputs where the originally deleted 
actors were supplied. An adequate theory of para- 
graph memory will have to take into account this 
semantic integration. Rather than simply storing 
representations of individual sentences, Ss frequently 
appear to use information communicated by various 
sentences to construct wholistic descriptions of 
semantic events. And if Ss simply stored represen- 
tations of individual sentences, one would frequently 
want to say that they did not adequately understand 
the passage. Note, for example, the performance of 
Barclay's Ss in the explicit memorization groups. 
Although the necessity for some construct of inte- 
gration seems intuitively obvious, it is nevertheless 
theoretically important. Like the considerations 
of context discussed in the introduction, it affects 
the nature of the questions one asks. Rather than 
ask about the comprehensibility or memorability 
of certain isolated sentence types, one might ask 
about sentence effectiveness relative to the goal of 
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communicating a certain integrated semantic de- 
scription. In short, one might explore the con- 
textual conditions under which certain forms of input 
result in greater understanding and recall. 


REFERENCES 


Barclay, J. R. The role of comprehension in remembering 
sentences. Cognitive Psychology, 1973, 4, 229-254, 

Bransford, J. D., & Franks, J. J. The abstraction of linguistic 
ideas: A review. Cognition, 1973, 1, 211-249, 

Bregman, A. S., & Strasberg, R. Memory for the syntactic 
form of sentences. Journal of Verbal Learning and Verbal 
Behavior, 1968, 7, 396-403, 

Gough, P. B. Grammatical transformations and speed of 
understanding. Journal of Verbal Learning and Verbal 
Behavior, 1965, 4, 107-111. 

SEE B. SU UR a acntencea E effects of delay 
of evidence and sentence length. Journal of Verbal Learnin, 
and Verbal Behavior, 1966, 5, 492-496. 

Huttenlocher, J., Eisenberg, K., & Strauss, S. Comprehension: 
Relation between perceived actor and logical subject, 
gan of Verbal Learning and Verbal Behavior, 1968, 7, 

Olson, D. R., & Filby, N. On the comprehension of active and 
passive sentences, Cognitive Psycholog » 1972, 3, 361-381. 

Slobin, D. I. Grammatical transformat; ons in childhood and 
adulthood. Journal of Verbal Learning and Verbal Behavior, 
1966, 5, 219-227, 

Slobin, D. I. Recall of full and truncated passive sentences in 
Connected discourse, Journal of Verbal Learning and Verbal 
Behavior, 1968, 7, 876-881. 

Wason, P. C. The contexts of plausible denial. Journal o 

Verbal Learning and Verbal Behavior, 1961, 4, 7-11. 


(Received February 12, 1974) 


SCALING WORDS ON DEGREE OF AROUSAL AND SHORT- AND LONG-TERM RETENTION 


MARJORIE POWERS 
School of Nursing, University of Rochester 


V. K. KUMAR 
Department of Education, Case Western Reserve University 


Scale values on unpleasantness were determined for seven words using the 
paired-comparison method. Forty-five percent of the Ss recalled the word 
with the highest scale value on a free-recall test following the scaling task 
and 90% recalled it after 24 hr. Similar results were obtained when individual 
preferences were considered. The second experiment involved a paired-asso- 
ciate task. The design conformed to a 2 X 2 factorial design—cued or free- 
recall test, short- or long-term test following a single learning trial. Recall 
of pairs was very poor in all conditions. That level of arousal of words aids 
in the learning of the stimulus-response pairs was not substantiated. The 
results supported the notion that stimulus and response terms are processed 


independently rather than as a unit. 


In a number of studies (e.g., Barrett, 1938; Berry, 
1962; Kleinsmith & Kaplan, 1963; 1964; Obrist, 
1962; Walker & Tarte, 1963), arousal was measured 
as a response to the verbal stimuli individually, i.e., 
S rated (or his physiological response was recorded 
to) a word on its presentation, and the procedure 
Was repeated for other words in the experiment. In 
these studies, the first word provided no specific 
Context or frame of reference, hence the arousal re- 
Sponse may have been a matter of nonspecific a- 
Tousal This, however, may not be true for the 
following verbal stimuli, in that the preceding word 


or words may provide some specific frame of refer- 
ence, although one can never be sure whether the 
response was due to a comparative judgment or was 
a nonspecific response. No study has been reported 
on measuring arousal levels due to verbal stimuli 
presented in the context of each other and how such Ret: 
measurement related to short- and long-term reten- 
tion (STR and LTR) of the verbal stimuli, Thus, 
Experiment I was designed involving the use of a 
paired-comparison method of scale construction. It 
was considered that the method of paired compari- _ 
son would (a) provide a specific frame of reference 5 
i S 


- making judgments on arousal and (b) provide 
terval scale values on the degree of arousal. To 
trict dimensionality of judgment, only unpleasant 
ords were used and Ss were asked to make judg- 
ents on the degree of unpleasantness. 

Experiment II was designed to relate the scale 
ralues obtained in Experiment I to the STR and 
‘TR of the response (R) terms in a one-trial paired- 
associate (PA) learning task. Certain considerations 
extended the study to include two conditions at each 
- level of retention (STR and LTR)—cued recall test 
- and the free-recall test of the stimulus (S), R and 
the S-R pairs. Studies (e.g., Kleinsmith & Kaplan, 
1963, 1964; Osborne, 1972; and Walker & Tarte, 
1963) have used one-trial PA learning task and a 
- cued recall test. These studies have always con- 
sidered arousal in terms of the S term. Inherent in 
these studies seems to be an assumption that arousal 
due to the S term is more important than arousal 
due to the R term for the learning of the R term, or 
that arousal due to S aids the learning of the R term. 
~ It seems reasonable to question these assumptions, 
since in all the above studies, regardless of the a- 
- rousal properties of the S term, the recall of the R 
term has been extremely poor. One could argue that 
although S and R are shown together to the S, 
- more than likely the consolidation of the S and R 
- terms might go on independently rather than as an 
_ S-R unit. If the S-R pair is processed as a unit, 
_ then we would expect no differences between free 
- recall of S-R pairs and a cued recall of the R terms, 
- given the S term. However, if the cued recall con- 
dition yields higher retention than the free-recall 
condition, it is likely that although the S-R pair 
- may be processed as a unit, its strength is weak, If 
the S-R pair is not processed as a unit, we may ex- 
pect a higher recall of the S and the R terms as 
compared to the recall of the S-R pairs in a free- 
recall test. 

The experiments were conducted simultaneously 
“by the same E and Ss were randomly assigned to 
the two experiments and again randomly within the 
experimental conditions. 


EXPERIMENT I 


Subjects. Ss (both sexes) were 40 paid ($2) vol- 
nteers from undergraduate courses in Education. 
Learning materials. Seven words rated highest 
= on unpleasantness in McNulty and Isnor's (1967) 
study were chosen. They were HATRED, FAMINE, 
PLAGUE, MISERY, DEADLY, TRAGIC, and COWARD. 
Procedure. Twenty series (one for each S in each 
condition) for the seven words in 21 paired combi- 
nations were constructed (Wherry, 1938). Pairs of 
words were presented on 2-in.-square slides using a 
- Kodak Ektagraph projector. Two color slides were 
used to separate the word pair slides. Slides were 
projected from outside the soundproof booth, and 
an intercom was used for communication between 
Sand E. 
The Ss were randomly assigned to a word list and 
to a retention interval (RI). The Ss were told that 


west da ex. sn 
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the purpose of the experiment > to record heart. 
rate (HR) while they performe: isk. Although. 
no measurements were taken, : lectrodes were 
applied to the chest surface. i 
In the learning trial, each pair red for 5 sec., 
followed by two color slides fo ^c. each. The. 
first word in each pair was label: :nd the second 
2. The Ss were instructed to: »ose the word 


most unpleasant and call it alo 
but not to name the word, and 
on the color slides. The Ss wer 
the color slides prior to the learn 
After the learning trial, 20 5 


saying 1 or 2, 
say the colors 
viliarized with: 
ial, 
sned to STR 


conditions were tested for imm: recall. The 
Ss were asked to recall the w« nd say them 
aloud. Responses were recorde The other 
20 Ss assigned to L'TR conditio requested to 
return the following day at the ime (24 ht, 
later) for further HR recording testing pros 
cedure for the LTR was the sam STR. 


Results 


Scale values. Preference scale vi 
were solved following equations p 
V (complete data) of Thurston: 
The Ss rated HATRED as the most 
with a scale value of .701, followed ! 
DEADLY (.537), TRAGIC (.501), PLA 
INE (.092), and coward (.000) 
their clustering, the first two word 
as high (H), the middle three word 
and the last two words as low (1 
The coefficient of consistency was .7 
number of circular triads per Ss w: 
possible total of 45.5. The probal 
with the mean number of circular tri: 
mately .98, x? (23) = 37.62, indicati: 
of reliability of within-Ss judgme::- 
Coefficient of agreement (u = .12: 
p < .01) indicated a significant amou 
in the comparative judgments of the E, 

Relationship of scale values to retention. Frei 
quency of recall of each word was plotted against 
its scale value in Figure 1. Action decrement the 
ory (Walker, 1958) would predict a negative linear 
correlation between the scale values of STR and@ 
positive linear correlation for the LTR condition. 
The linear correlations were found to be —.485 an 
-564, respectively, supporting the predictions. Sin e MN 
the sampling distribution of such correlations is n0 
known, it made no sense to test the significance of 
these correlations. E 

Further analysis was undertaken considering 1" 
dividual variation in judgments. Individual fre 
quency matrices were considered to identify the Pr 
M, and L words. For this analysis, only the extremt 
preferences were considered, i.e., one word which 
corresponded to the highest frequency rating Wê 
chosen (classified as H word). In the case of tiesi 
one word was randomly chosen over the others: 9 
The medium arousal words were selected on the 
bases of how closely they clustered for each indivi 
ual. Words that were away from the cluster (closet 


r each word 
ing to Case 
irds, 1957). 
asant word 
SERY (,676), 
392), FAM- 
he basis of 
categorized 
:edium (M): 
usal words. 
id the mean 
875 out of á 
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SCALE VALUES 


Frequency of recall of words related to scale values 
rd for short- and long-term recall. (STR and LTR). 


H, - words) were not chosen. The correlation 
) en RI and recall of H words was .55 
^5), which supported the prediction from the 
‘ccrement theory (Walker, 1958) that the H 
© poorly recalled on an STR test but are 
called on an LTR test. In fact, all 20 Ss 
(he most unpleasant word according to 
judgment for the LTR condition, but 
recalled similar words for the STR con- 

is observation is true even if one considers 

i scale values (see Figure 1); 45% of the 
d the word HATRED in STR condition while 
| it in the LTR condition (Z = 3.04, 
‘ests of proportions for other words 
uficant (p > .05). A similar analysis 

' words classified as low arousal by in- 
judgments for both STR and LTR condi- 
l'he prediction that L words would be poorly 
d in LTR condition as compared to the STR 
on was not borne out ($ = 17, p > .05). 
medium. arousal words, in line with the pre- 
diction (Walker, 1958), no differences in retention 
due to RI were observed, # (38) = 1.55, p > .05. 
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EXPERIMENT II 


Sul The Ss (both sexes) were 40 paid ($2) 
volunteers from the same population of Ss as in 
Experiment I. 

Learning materials. The PAs were: FAMINE-2, 
PLAGUE-3, HATRED-4, MISERY-S, DEADLY-6, TRAGIC- 
7, and COWARD-8, 

Procedure, The Ss were randomly assigned to 
one of four conditions: (a) cued STR, (b) cued LTR, 
(c) free-recall STR, and (d) free-recall LTR. In- 
structions about the purpose of the experiment were 
the same as in Experiment I and the same type of 
equipment was used. The procedure of presentation 
of slides during the learning and the recall phase for 
Cued recall condition were essentially the same as 
those used by Kleinsmith and Kaplan (1963) except 
that 5-sec, exposures were used for each slide. STR 
5 were tested within 10 sec. after the presentation 
of the last color slide. LTR Ss were tested after 
4 hr. In the free-recall conditions, Ss were asked 


SHORT REPORTS 


` The correlations for S-R and R terms were ,0326 
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to recall and say aloud the word-number combina- 
tions from the slides they viewed and if they could - 
not remember the word-number combinations, re- . 
call the words or numbers in any order they could, 


Results i 


Relationship of arousal to retention. Correlation : 
coefficients were computed between the scale values y 
obtained in Experiment I and frequency of recall - 
of various terms in different experimental conditions — 
in Experiment II. The correlations for the cued 
recall conditions were .2745 for LTR and —.1623 . 
for the STR condition. The correlations for LTR 
for S-R, R and S terms were in the expected direc- 
tion but very low (accounting for less than 4% of. 
the variance in all cases). For STR the only re- - 
spectable correlation was for the S terms (—.5994). 


and —.1167 respectively. Examining the trend of 1 
relationship by plotting the frequencies of recall of — 
various terms against the scale values of S terms did 
not yield a consistent pattern of. relationship. Simi- - 
lar results were obtained when analysis of variance _ 
was performed on the Proportion of responses re- 
called in the cued recall condition, taking into con- 
sideration the level of arousal for words grouped as 
in Experiment I. » 

Analysis of variance was also performed on the x 
free-recall data of S-R, R, and S terms. Data were I 
transformed into proportion of correct recall for 
H, M, and L categories for the analysis. There was 
a significant lowering of recall from STR to LTR 7 
testing, F (1,18) = 41.33, p < .01. There was a 
significant difference between the S-R, S, and R j% 
terms (terms, F (2, 36) = 15.04, p <.01. The ~ 
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FiGURE 2, Proportions of recall of response (R. 
stimulus (S) and S-R terms in relation to arousal—low (IL. 
medium (M), and high (H)—under STR and LTR conditio 


Mean 


RI X Terms interaction was significant, F (2, 36) 
= 16.21, p < .01. This interaction showed that R 
terms were recalled equally for both STR and LTR 


of arousal and terms was significant, F (2, 45) = 
3.22, p < .05, (degrees of freedom adjusted for het- 
erogeneity of variance-covariance matrix). The in- 
teraction showed that at all levels of arousal S terms 
were recalled better than the R terms, and the latter 
- recalled better than the S-R pairs, but the differ- 
ences tend to be smaller at H than at L and M levels 
of arousal. The three-way RI X Arousal X Terms 
"interaction was significant using the conservative 
“test, F (1, 18) = 4.70, p < .05. Figure 2 presents 
the nature of the interaction. It may be noted that 

ere was no consistency in the trends of recall for 
the three types of terms. 

Is an S-R pair processed as a unit? An analysis 
~ of variance on data from the recall in cued conditions 
- and the free-recall conditions indicated that S-R 
pairs were recalled equally for both conditions, F 
1, 36) =2.17, p < .05. There was significant 
lowering of retention from STR to LTR, F (1, 36) 
= 7.47, p «.01. The interaction between RI and 
recall condition (cued or free) was not significant. 
On the surface, these results indicate that S-R pairs 
are processed as a unit, However, as in previous 
tudies, the PAs were very poorly recalled in all the 
conditions. The means ranged from 4.3% to 18.6% 
of the total number of words presented to each S, 
hich indicates that consolidation of a pair is diffi- 
cult following one learning trial. To test the notion 
that S and R terms are processed independently 
rather than as a pair, analysis of variance was done 
- on the free recall data of the Terms. Analysis 
_ showed no significant difference due to RI. The 

main effect of terms was significant F (2, 36) = 
- 18.37, p < .01. Post hoc analysis on means using 
Scheffé’s procedure showed (at p = .05) that S 
: terms (X — 2.75) were recalled best, followed by 
- the R digits (X = 1.6) followed by the S-R pairs 
(Š 2.65) Finally, the RI X Terms interaction 

was not significant. 


DISCUSSION 


The fact that the correlations between frequency 
of recall of words and arousal scale values were in 
the expected directions in Experiment I lends some 
support to the action decrement theory proposed 
by Walker (1958). A closer examination of the 
data, however, revealed a somewhat different pic- 

ture. The word with the highest scale value showed 
the predicted recall pattern for both group and in- 
dividual data. For low-arousal words, the expected 
drop in retention after 24 hr. was not obtained. 


SHORT REPORTS 


With respect to the relations 
values obtained in Experiment | 
different terms in Experiment 11 i: 
to conclude (from both correlat: 
analysis of variance) that supp: 
decrement theory was not obtain 
ysis helped to make any specific 
the relationship between arousal 
difficult to explain the discrepa: 
two experiments except perhaps 
ences in the learning task. 

Consistent with previous stud 
for the recall of R digits was obser 
Il, which reaffirms our belief th 
pairs is extremely difficult followi 
ing of the PAs, apparently regard 
values of the S terms. However, 
is necessary for making any gen 
only one list was used in the exp« 

Finally, with regard to the ch: 
processing, the floor effects for b 
of the S-R and the R term make it 
any clear-cut conclusion. However, 
that S terms were recalled better t 
which were recalled better than 
free-recall conditions. This result 
support to the notion that althoug! 
are shown together they are mor: 
cessed independently rather than 
studies with different words would 
substantiate the above notion, 
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EDITORIAL 


This issue o! ‘ne Journal of Experimental Psychology marks the end of my twenty-four 


years of ser ^e Journal in an editorial capacity, six years as a Consulting Editor, 
six years as a sociate Editor, and finally twelve years as Editor. During the last 
twelve ye: vurnal has received over 7,000 manuscripts, and we published approxi- 
mately 45%! “sem, They filled about 22,400 pages in the 39 volumes printed. We 
have had ne syncratic policies with respect to acceptable manuscripts; the only 
policies have cys been stated on the inside front cover, and they consisted chiefly of 
general directives adopted for the Journal by the APA Publications Board. We as Editors 
have aimed t pt manuscripts that made what we judged to be valid and substantial 
- contributions he literature, and in the process we tried to be helpful to our authors, 
both as auth "d as scientists. I believe that I and the other Editors maintained a 
healthy respc our authors, and I believe that most of them reciprocated; with rare 
exceptions, c 'ondence between authors and Editors was warm and pleasant. 
During m; ure as Editor, as during that of my predecessor, Arthur W. Melton, 
there have be marked changes in experimental psychology, and these changes have 
been reflected i» the articles appearing in the Journal. From the standpoint of experi- 
mental designs, ihe investigations reported have tended to be simpler than in the 1950s, 
but the exper) ntal methods, techniques, and paradigms have in many topical areas 
become extre: subtle and complex. Our authors have displayed considerable in- 
genuity in de ping experimental operations and paradigms to explore the ways in 
Which nomina: muli, both before and after responsive behavior, are perceived, encoded, 
and processed + 2s to affect this behavior in complex ways. The resulting articles in the 
Journal are, I ic! eve, excellent examples of modern, objective, cognitive experimental 


psychology, | 
Time and ag: 
concepts have 


ling the Journal reveals a recurring pattern of scientific development. 
genious, beautiful, and apparently successful theories and explanatory 
en described on Journal pages. Then, meticulous exploration of the 


behavioral domiia of these theoretical developments has revealed that they work only 
under limited conditions. Contradictory and disconfirming experimental findings begin 
> to appear that often instigate major or minor controversies that usually are resolved by 


thorough and 1 citing investigation of the paradigms. 
P In many instances the revelations coming out of these further investigations have led. 
. to more complete and more adequate theoretical structures, but until this point is reached, 
- the reader who is not thoroughly familiar with the whole story is in for very heavy going 
| and is likely to leap to the conclusion that research in certain problem areas has degener- 
4 ated into a dull search for esoteric minutiae. And so it is that one reader will see dynamic 
~ 1 saltatory Progress, while another reader will see a static if not moribund situation. 
T Just as "beauty is in the eye of the beholder,” perceptive reading of the Journal requires 
a considerable apperceptive mass. The difficulties facing readers of the Journal have 
- Mereased during the last twelve years and have been further exacerbated by the great 
Wersity of the areas of research covered in our pages. The problem will worsen in the 
< Juture, I should think, but sectioning the Journal may lessen the frustrations of readers _ 
| with specialized interests. 
nder its previous Editors, John B. Watson, Madison Bentley, Samuel W. Fernberger, — 
i deed W. Irwin, and Arthur W. Melton, the Journal has published much of the best 
Bu merican experimenta] psychology. I believe that this has continued to be the case 
| E. eT my editorship, but perhaps to a lesser extent, because with the publication of many 
“SW Journals, some specialized and some more general, this Journal no longer dominates 
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guished contributions. 


Abram Amsel (1964-1969) 
d Nancy S. Anderson (1969-1974) 
Norman H. Anderson (1963- 
1965) 
Moshe Anisfeld (1973-1974) 
Fred Attneave (1963-1968) 
William H. Batchelder (1972- 
1973) 

William F. Battig (1966-1974) 
Edward A. Bilodeau (1968) 
Ina McD, Bilodeau (1974) 
Isabel M. Birnbaum (1974) 
Robert A. Bjork (1973) 
_ Lyle E. Bourne, Jr. (1963-1972) 
Gordon H. Bower (1966-1971) 
— Robert M. Boynton (1963-1966) 
- George E. Briggs (1963-1974) 
Cletus J. Burke (1963-1967) 
. E, J. Capaldi (1972-1974) 
Virgil R. Carlson (1967-1974) 
Herbert H. Clark (1971-1974) 
Tom N. Cornsweet (1966-1967) 
John W. Cotton (1964-1971) 
Fergus I. M. Craik (1974) 
Andrew Crider (1971-1974) 
Kent Dallett (1966-1969) 
Helen B. Daly (1970-1971) 
M. R. D'Amato (1964-1967) 
Roger L. Dominowski (1971— 

1974) 
Sheldon M. Ebenholtz (1967— 
= 1974) 
- Ward Edwards (1966-1973) 
Howard Egeth (1972-1974) 
Bruce R. Ekstrand (1970-1974) 
- Henry C. Ellis (1968-1974) 

es R. Erickson (1972-1974) 
arles W. Eriksen (1966-1971) 


Arthur Melton listed a total 
served the Journal during his twelve years as Editor. 
Editors in 1963 and ended with 66 in 1974. In all, 110 experimental psyci 
as Consulting Editors during the last twelve years. 

- Editors "for making my editorship of the Journal poss 
- meant and exactly how he felt, as I am of the same opinion and hold the s~ 
toward our Consulting Editors. They all contributed generously of th: 
and energy, and their careful, knowledgeable reviews of m. 
value to the Action Editors in arriving at editorial decisions. 
most helpful to the authors not only in improving their m. 
cases in improving their research str: 
sulting Editors are listed below: 


EDITORIAL 


‘the scene, and I have read many excellent papers appearing elsewhere th: i 
loved to have seen in our volumes. The Journal owes its excellence to its 
its complete editorial staff. Working with them has been the most gratif: 
of my career as a psychologist, and it is a 


CONSULTING EDITORS 1963-1974 


Frank A. Geldard (1963-1966) 
James J. Gibson (1963) 
Murray Glanzer (1969-1971) 
Judith Goggin (1971) 
Frances K. Graham (1968-1974) 
William W. Grings (19 1974) 
Robert C. Haygood (1968-1972) 
Eliot Hearst (1971-1972) 
Richard M. Held (1968-1971) 
Douglas Hintzman (1973-1974) 
Julian Hochberg (1963-1974) 
Leonard M. Horowitz (1965- 
1973) 
Betty J. House (1974) 
William C. Howell (1967-1974) 
Stewart H. Hulse (1965-1974) 
Arthur L. Irion (1963-1967) 
Geoffrey Keppel (1965-1974) 
Gregory A. Kimble (1963-1974) 
Herbert D. Kimmel (1966-1973) 
Paul M. Kjeldergaard (1968) 
Edmund Klemmer (1965-1968) 
Harlan L. Lane (1966-1967) 
Patrick R. Laughlin (1971- 
1974) 
Herschel W. Leibowitz (1963— 
1974) 
Donald B, Lindsley (1963-1968) 
Gregory R. Lockhead (1974) 
Frank A, Logan (1965-1974) 
Kenneth MacCorquodale (1963- 
1965) 
Steven F. Maier (1974) 
Irving Maltzman (1965-1974) 
Arnold Mechanic (1966-1971) 
Donald R. Meyer (1969-1973) 
Richard B. Millward (1973- 
1974) 
Bennet B. Murdock, Jr. 
1974) 
Raymond S. Nickerson (1970— 
1974) 


(1963— 


pleasure to acknowledge then: 
of 29 Consulting ! 
We started wit! 


Melton thanked 
ible.” 
anuscripts wer 


anuscripts bu 
ategies and techniques. The names 


^ L. Starling Reid )-1974) 
Jack Richardso: ;9-1971) 
Donald A. Rile 64-1974). 
Leonard E. Ros 65-1967) 
Herbert Rubens (1973= 
1974) 
Willard N. Run (1969- 
1974) 
Peter H. Schille 74) 
Rudolph W. Sch 1965-1974) 
Marian Schwart; (1973-1974) 
Robert W. Sekuic: (1974) 1 
Roger N. Shepard (1964-1966) — 
Bryan E. Shepp (1970-1974) 
Harvey G. Shulman (1974) 


g experience 
their distin- 
rs who had 
Consulting 
“ists served 
Consulting | 
iy what he 
entiments 
ient, time, 
vestimable 
iews were 
in many 
hese Con- 


I know e 


Equally, the 


Merrill E. Not 11-1974) 

J. Bruce Over: 1971-1974) 
Michael I. Pc 966-1974) 
Leo Postman 1968) 1 
William F. Pro! 1969-1974) 
David C. Rask 74) 


J. Richard Simon (1971-1974) 
Paul Slovic (1972-1974) 
Edward E. Smith (1974) 
Kirk H. Smith (1974) 

Janet T. Spence (1972-1974) 
Kenneth W. Spence (1963-1966) 
Herbert H. Stenson (1972-1974) 
Saul Sternberg (1969) I 
Harold W. Stevenson (1963- 

1967 

David e Thomas (1967-1974) 
Milton A. Trapold (1966-1973) j 
Endel Tulving (1966-1973) 
Michael T. Turvey (1974) 4 
William P. Wallace (1971-1974) 
Thomas S. Wallsten (1974) 

Morton W. Weir (1968-1971) 
Wayne A. Wickelgren (1968- 

1974 

Delos b. Wickens (1963-1960). 
Gordon Wood (1972-1974) 
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The names of te Consulting Editors have always appeared on the masthead where they 


surely belong viewed one or more 


CRG ONT TECUM 


Arr Sat 


manuscripts € : eviewers have been 
named in Sp: ‘nnouncements appearing in the Journal. They gave us excellent 
reviews, and | wish to thank them again on behalf of all of the Action Editors. 

I cannot finc words that gracefully express my great affection and respect for the 
Associate Edit--: «nd the Special Action Editors who served the Journal so ably during 
the last twelv- years. The Associate Editors have been: James E. Deese, 1963-1969; 
Howard H. K«:ier, 1963-1965; Harold W. Hake, 1966-1974; Delos D. Wickens, 1967— 
1974; Leona Ross, 1968-1974; Leo Postman, 1969-1974; and Lyle E. Bourne, Jr., 
1973-1974. Special Action Editors have been: Norman H. Anderson, 1969-1974; 
Helen B. De /2-1974; Murray Glanzer, 1972-1974; and Judith Goggin, 1972-1974, 
Finally the i owes much to the numerous "Technical Editors, the former Managing 
Editor, He! r, 1963-1971, and the present Executive Editor, Anita DeVivo, 1972- 
1974. In sı ! occasional disagreements respecting copy editing between the authors 
and the Ed : the one hand, and the Technical Editors in the Washington office of 
the Americ ychological Association on the other, the intelligent and meticulous care 
given our scripts by the Washington Technical Editors did much to maintain 
standards o e and in many instances to improve the readability of the articles pub- 
lished. We in their debt also, and if to them I have appeared irascible at times, we 
all had the > goal, publishing an excellent Journal, and they certainly earned my: 

X ungrudgine ration. 
© As'announ: elsewhere in this issue (p. 1224) the Journal of Experimental Psychology 

- will, effectis January 1975, be published as four independently edited and distributed 
Sections, so . readers may subscribe to only those sections that publish articles in 
Which they | à primary interest. Besides providing that service to the subscribers, 
Sectioning tl: Journal will, it is hoped, distribute the burden of editing it. (During my 
editorship the =umber of manuscripts received per year climbed from about 450 to over 
300)! The ple: to section was developed by a special committee of APA’s Publications | 
and Communication Board under the chairmanship of Arthur Melton. The problem of . 
Sectioning th inal was a most difficult one, and although I am saddened that it be- i 
Came necessary, | believe that the ultimate solution was a wise one, and I am grateful 
to Arthur Melton and his committee for the time, care, and sagacity they showed in 
achieving this si p. In view of the dynamic and ever-changing interrelationships among | 
the various problem areas of experimental psychology, it will doubtless be necessary to 


X Change the topical assignments of the sections from time to time, but the present topical 
[E “signments seem to me to be about as well chosen as they could be. F 
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A STUDY OF THE KNEE JERK 


BY 
EDWIN B. TWITMYER 


University of Pennsylvania 


E 
The knee jerk immediately caused by 
the sudden ai orous contraction of the 
quadriceps muscie of the thigh. The quad- 


riceps is the 
leg, forming 
Covers the f 


t extensor muscle of the 
arge fleshy mass, which 
s and sides of the femur. 
herrington: demonstrated by experi- 
mentation upon animals that two of its four 
divisions, the vastus internus, covering the 
Inner surface of the femur, and the crureus, 
Covering the front of the femur, are chiefly 
| os in the knee jerk mechanism. 
bi ese two portions are so intimately 

ended anatomically as to form a single 
muscle, So considered it is related by its 
Superficial surface with the psoas and ilia- 
s the rectus, sartorius, pectineus, adduc- 
zn ce fascia lata; by its deep surface 
E e femur, Sub-crureus, and synovial 

rane of the knee joint. 
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jerks to the sound of a bell were obtained from six Ss after 150-238 
luring which the two patellar tendons were struck 0.5 sec. after the sound 
: bell. These knee-jerks to the bell alone were not the result of S’s volun- 
fort, and attempts to inhibit the kicks were wholly unsuccessful. With 
sed numbers of paired stimulations, the regularity of responding to the 
ne was greatly increased, and the pattern of the knee-jerks was exactly 
1 s that of knee-jerks resulting from blows to the patellar tendon. The 
‘orks to the bell can be explained only in terms of reflex action, wherein 
ed association of the functioning of the motor cells of the lumbar segment 
» spinal cord with excitation of centers of the medulla resulting from the 
of the bell resulted in the development of an unusual reflex arc. 


The tendons of the different portions of 
the quadriceps unite at the lower portion - 
of the thigh, so as to form a single strong : 
tendon which invests the patella through- - 
out its whole surface except underneath 
where a free articular surface is presented, - 
and continues downward to be inserted in | 
the rough bony prominence of the tibia. - 
From the lower border of the patella to the | 
insertion in the tuberosity of the tibia it is 
known as the ligamentum patellae. Th 
patella may therefore be properly regarde 
as a sesamoid bone, developed in the tendor 
of the quadriceps and the ligamentum 
patellae. Immediately below the low 
edge of the patella—one-half inch to a 
inch—the tendon passes over a slightl 
hollowed space in the parts beneath. 

The nervous structures involved in th 
knee jerk mechanism have also been det 


: 


1 Journal of Physiology, Vol. 13, p. 666. 


ilor's note: f 

his paper is E. B. Twitmyer's PhD thesis, Uni- 
sity of Pennsylvania, 1902. The thesis was 
ately printed in a limited edition, so that in 
ite of its considerable historical importance, it has 
been virtually inaccessible to interested psycholo- 
ists. It is being reprinted after consultation be- 
ween the Editor of the Journal and Dr. Arthur W. 
Melton, Chairman of the Publications and Com- 
nunications Board, and with the permission of the 
"University of Pennsylvania. The Editor wishes to 
hank Professors Francis W. Irwin and Eliot Stellar 
Í the University of Pennsylvania for their assis- 
—-tance in obtaining a copy of the thesis and the 
necessary permission. 

' Twitmyer’s thesis reports the first American 
liscovery of the conditioned reflex, but it should be 
orne in mind that by 1902 vigorous and purposeful 


mined with exactness. Sherrington? has 
located the position of both the afferent 
and efferent conduction paths. He found 
the afferent path to lie in the posterior root 
the fifth lumbar of the Rhesus monkey, 
ich corresponds to the fourth of man. 
is posterior root receives afferent fibers 
m the obturator and anterior- crural 
erves, and from the external and internal 
oopliteal nerves. By the method of sever- 
“ance and other modes of destruction of the 
conductivity of the nerves entering the 
Toot, e. g., cooling to the freezing point, etc., 
Sherrington found that of the fibers enter- 
ing the root from these sources, those on 
hich the jerk depends are not from any 
except the anterior crural nerve, and in the 
$ anterior crural nerve only those fibers which 
issue from the vastus internus and crureus 
uscles. 

dE The peripheral terminations of the sen- 
_ sory conduction path are therefore found 
dn the muscles whose contraction causes the 
| movement. Further it is probable that 
some of these fibers also terminate in the 
endon of the muscle,* 

B By the same method the efferent conduc- 
on path was found in the anterior roots 
[ the fifth and fourth lumbar nerves of 
he Rhesus (fourth and third of man) and 
traceable along the anterior crural 
e into those of the muscular branches 
that trunk which supply the vastus 
ternus and crureus divisions of the quad- 
ceps, 7. e., in exactly the same muscles in 


research on conditioned reflexes ha 
carried out in the laboratories o: 
Bekhterev. Section III of the thee’ 


‘ready been 
Pavlov and 


was reported 
by Twitmyer at the Christmas 190 ting of the 
American Psychological Associatio:: i this report 
was abstracted (E. B. Twitmyer. i -jerks with- 


out stimulation of the patellar tend 
cal Bulletin, 1905, 2, 43-44). Th: 
abstract show that Twitmyer reali 
made an important discovery, “an 
reflex arc" such that “auditory ex 
been substituted for the excitation « 
sensory fibers terminating in the q: 
and tendon." Twitmyer's APA p: 


Psychologi- 
sis and the 
hat he had 
iation in a 
on ... has 
peripheral 
eps muscle 
tion, how- 


ever, did not even elicit significant « ion. The 
importance of his findings were tota ecognized 
at the time, in spite of the fact tha rwin com- 
mented, “Brief as it is, this abstra ents per- 
which the afferent condition has its 


peripheral termination. 
Pathological evidence, offe) y 
presenting degeneration of p 
roots and certain portions of 
columns of the cord in which : 
is observed to be entirely abs 
clear that the spinal center in 
knee jerk mechanism is situat« 


cases 
'r nerve 
»osterior. 
nee jerk 
nakes it 
d in the 
newhere 


between the second and fifth bar seg- 
ments inclusively. Mills‘ es with 
Edinger, Starr and others in ing it in 
the second or third lumbar vents or 
probably both. i 

A blow on the patella tendo: 2) stimu- 
lates the peripheral sensory fibers termi- 


nating freely in the superficia! (issue, (b) 
stimulates the peripheral sensory nerve 
fibers terminating in the tendon, (c) de- 
presses the tendon thereby drawing it taut 
and exerting through its attachments à 


* Journal of Physiology, Vol. 13, p. 666. f 

*As to the manner in which sensory nerve fibers 
terminate in the tendons, Phillipp Stohr, in Lehrbuch 
der Histologie, 1901, says: “Die Sehnenspindeln sind 
meist spindelfórmige Auftreibungen von Sehnen- 
bündeln, die von einer gut entwickelten bindegewe 
bigen Hülle umgeben werden. Das eine Ende der - 
Spindel geht in Sehnenbündel über, das andere setzt 
sich in Muskelfasern fort Die an die Mitte her- 
antretenden Nervenfasern theilen sich widerholt, 
verlieren ihr Mark und gehen in ein reich entwicke- 
ltes Astwerk über mit oft keulenfórmig angeschwol- 
lenen Enden. 

* Journal of Nervous and Mental. Diseases, 1899, 
p. 142. 


A STUDY OF THE KNEE JERK 


als of the discovery, a spark 
€ the imagination of anyone 


surely su: i 1 
who was adequ: prepared for it [F. W. Irwin. 
Edwin Burke: : 1873-1943. American 


, 1943, 56, 451-4531" The 


Journal of Ps; fà 
i witmyer was adequately pre- 


thesis shows t! 


pared for American psychology in 1904 
was not. himself did not follow up his 
finding wi search on the conditioned 
reflex. Upo on in personal conversations he 
recalled his d iatment at the reception of his 
discovery in t later psychologists could only 
speculate ir to account for his failure to 
pursue such ising and fundamental line of 
research. (f »llenbach. Twitmyer and the 
conditioned American Journal of Psy- 
chology, 1959 5-638.) "Twitmyer's thesis, his 
abstract, Irv rology, and Dallenbach's con- 
longitudin: ss upon the fibers of the 
quadriceps s offering a stimulus to the 
peripheral ry nerve fibers terminating 
in the mus: self, (d) by depressing the 
tendon ser\ s a mechanical stimulus to 
the quadri: 

With t! ‘ven anatomical structures 
comprising knee jerk mechanism and 
the given re s of a blow on the ligamen- 
tum patel! three explanations of the 
Physiologica’ cause of the knee jerk are 
possible. 

1. The knes jerk is a reflex. Stimulation 
of the sens fibers terminating in the 
Superficial tiss:e by contact or by an elec- 
trical current does not produce the move- 
ment, consequently if the jerk is a reflex, 


the peripheral excitation has its origin in 
the tendon or muscle (or both). In either 
case the course of the afferent impulse is the 
Same. "From the tendon of the patella, 
the excitation is carried to the spinal cord 
Y crural sensory fibers, and enters by the 
dorsal root into a certain portion of the 
dorsal column, and thence passes to the 
dorsal horn; next it takes its course through 
the intermediate gray matter until it 
reaches cells of the ventral horn; and thence 
the motor excitation goes through the 
hoe Toots and crural nerve to the an- 
terior muscles of the thigh.” Waller* ob- 
e to this theory on the ground that the 
VE elapsing between the blow and the 
» 'S5PODse is too short for the transmission 
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jectures are worth reading today. 

The thesis is reprinted in very nearly its original 
form with a few minor typographical errors cor- 
rected. The abstract has been rewritten, and con- 
sists of quotations and paraphrases from Twitmyer's 
abstract of his APA report. Reproductions of. 
eight knee-jerk records have been deleted and some 
slight changes have been made in the footnotes 
which are here numbered serially. Section III re- 
ports the discovery of the conditioned reflex and — 
the further experimentation which confirmed its 
nature. 

Requests for reprints should be sent to David A. 
Grant, W. J. Brogden Psychology Building, 1202. 
West Johnson, University of Wisconsin—Madison, 
Madison, Wisconsin 53706. 


David A. Grant, Editor 


p 


of an excitation over a reflex arc. By exact — 


measurement he found the time between 
the percussion of the tendon and the con- | 
traction to be between .03 and .04 second 
and between the direct percussion of the | 
muscle and the contraction .03 second. . 
Exner's reflex, the winking of the eyelid, - 
has a latent time of .05 seconds. Aside 
from this one instance a knowledge of 
normal reflex times is still wanting. : 
2. The knee jerk is a muscular contrac- 
tion due to the direct mechanical stimula- 
tion of the muscle. On this theory the 
function of the nervous structures involved, 
i. e., an afferent and efferent conduction .. 
path and a spinal segment, any interrup- - 
tion of which results in a total loss of the — 
jerk, is to maintain by means of a constant 
reflex influence, the tonicity of the muscle, — 
With the tone present the muscle reacts 
directly to the mechanical stimulus. Op 
posed to this theory is the fact that the 
knee jerk may be present when muscle tone Bist 
appears to be wanting and may be absent 
in the case of men who apparently have a 
normal amount of tone.” Further the 
theory does not satisfactorily explain the 
facts of reinforcement, e. g., the increase in 
the extent of the kick when the hands are 
clinched just before the tendon is struck, 


5 Mills, Journal of Nervous and Mental Disease, 
1899, p. 142. 

5 Journal of Physiology, Vol. 11, p. 384. 

? See Diagram, p. 1055. 


changes in the tone and irritability of the 
uadriceps and found that neither in- 
eased under reinforcing conditions. 

3. The knee jerk is first due to the 
mechanical stimulation of the muscle and 
econd to the reflex excitation, 7. e., the 
muscle contracting in response to the me- 
hanical stimulus represents the beginning 
Í the kick, while the reinforcement or 
ontinuance of the movement is the result 
Í the reflex impulse. Lombard? reports 
the results of one case which showed an 
rregularity "which one might expect if, 
when the original contraction of the muscle 
had reached its highest point or when the 
—- muscle had even begun to relax, a second 
mpulse had reached it, and caused it to 
contract still further." Although this re- 
sult lends support to the theory, the non- 
observance of this irregularity in all knee 
jerk records is not evidence to the con- 
trary. The reflex influence may gradually 
become operative quite before the move- 
ment due to the mechanical stimulation 
had reached its maximum height, in which 
case the irregularity would not appear in 
the record. Improved methods of record- 
ing the excursion of the leg may reveal 
different rates of movement during different 
- divisions of the excursion and thereby 
furnish more conclusive evidence on this 
point. Some evidence for this theory is 
- presented in Part III of this study. 

- . The following study comprises (1) an 
attempt to determine as nearly as possible 
the extent of the unaugmented or normal 
knee jerk for normal subjects and (2)a 
consideration of the modifications it is 
observed to undergo during an extended 
- period of expérimentation. When the pa- 
- tella tendons are struck at exactly the same 
place with blows of constant force and at 
regular intervals, no two of the resulting 
1 knee jerks are of the same extent. This 
= variation is usually referred to some acci- 
dental stimulus acting upon the subject, 
€. g., a loud or distracting sound or to an 
dea to which the subject directs his atten- 
tion, an emotional state of greater or less 
intensity, any one of which conditions may 
oroduce a variation in the extent of the 


jerk, or in a general way to a cha 
activity of the central ner 
From the very nature of t 
sources of variation are not lly avoid- 
able. However secure the s:*:«ct may be 
kept from accidental sensor: stimuli, the 


case such 1 


stream of consciousness is n: Jtogether 
within control of the experi: r and the - 
organic processes of digestio. rculation, 
etc., are constantly produci: me slight | 
or more profound modificati. the equi- 
librium of the nervous syste: 
The results of a study ma ; Noyes! 
on the unaugmented knee j: sleep in 
a case of terminal dementia : t a more 


ions oc- 
succes- 


definite explanation for the 
curring in kicks following i: 


sion when the conditions ren precisely 
the same, Noyes obtained ( ree jerk 
curve and the Traube-Hering : > for the 
same period and found a w: ked co- 


\parison 
irve de- 
zroup of 
vest and - 
ng curve 


incidence between them. 
shows that the Traube-Heri 
scends lowest in that part o/ 
knee jerks where the kicks ai 
at the place where the Traube- 


is highest the knee jerks are ı dimin- 
ished. A rise in the Traube-F -ng curve 
indicates increased blood prese re in the 
arm, and a fall in the curve co: - sponds to 
diminished blood pressure. : 
On the theory that increased ood pres- 
sure in the extremities means lessened - 
blood pressure in the central nervous sys- 
tem there is relative anemia oí the brain 
and cord when the Traube-Hering curye 
is at its height, and relative h: peranemia 


of the brain and cord when the curve 1$ 
lowest. The diminished knee jerk would 
then follow from the lessened functional 


* Journal of Physiology, Vol. 10, p. 122. 

° American. Journal of Medical Science, Vol. 99 
p. 88. 

? In a consideration of these variations Sommer 
says: "Es müssen demnach in den betreffenden 
Individuen Kráfte wirksam sein, welche den Reflex 
hemmen oder verstärken. Diese Curvenreihen sin! 
der einfachste Ausdruck eines variablen Momentes 
im Nervensystem, vermége dessen bei gleichem. s 
Reiz verschiedene Wirkungen zustande kommen."— 
Psychopatholog. | Untersuchungs- Methoden, 1899, P- 


?! American Journal of Psychology, Vol. IV, No: $ 


inal cord at the height of 
wave, while an in- 


activity of the 
the Traube- tering 


creased kne: from increased func- 
tional activi he cord would follow at 
the low pha the peripheral Traube- 
Hering curve 

Although results were obtained 
from a dem< ubject there is no reason 
for believin: he same relation would 
not maintai: veen the two curves for 
a normal sti provided all cerebral in- 
fluences co > successfully removed or 


- inhibited. ded Noyes' inferences as 
to the influ uffecting the knee jerk in 


the dement > are legitimate it is not 
evident wh > same inferences do not 
apply to t! mal subject. This fact 
may there. ‘ooked upon as one of the 
sources oí ariation occurring in the 
extent of th ks in a given group. 

In 1887 ! ard? made a study of the 
character extent of this so-called 
normal kne: : and in addition to varia- 
tions occur in successive kicks, found 
variations « ponding to the time of day 
at which th riments were made. This 
study com; a series of experiments 
made on on: ject, during fourteen con- 
secutive day which the jerk of the right 
leg was exa..ed seven times a day, 
twenty-five criments being made at 
each examini: on. The hours chosen 
Were as-follows, viz., 8.15 immediately 


Upon arising: 9.15 soon after breakfast ; 
1.15 just befc nch; 2.15 just after lunch; 
6.15 must before dinner; 8.00 soon after 
dinner, and i; just before retiring. The 
averages of the results for the different 
Periods were as follows: 25, 65, 43, 47, 30, 
40, 27 mm, 

From these results Lombard concludes 
that there is a diurnal variation of the 
knee jerk, “The variation corresponds 
With the gradual loss of vigor which the 
ody as a whole suffers from morning till 
edtime. This decline is an interrupted 
one and further corresponds to the tem- 
ES and partial recoveries which the 
«dy undergoes as the result of the fresh 
C UPPlies of nutriment and rest which it 
- obtains at each meal." 


Ombard further observed that the aver- 
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age knee jerk for any given day did not 
always correspond with the average kick of 
other days in the series. In a comparison 
of the mean temperature and mean baro- 
metric records for the same period he found 
that there was a marked correspondence 
in three curves. In general as the tempera- 
ture rises the knee jerk becomes less and as 
the temperature falls the knee jerk becomes — 
larger. On the other hand the knee jerk |. 
rises and falls with the barometric curve. 

A few preliminary series of experiments 
upon several subjects is sufficient to es-, — 
tablish the fact that the knee jerk is sub- 
ject to marked individual differences.“ The 
question as to what may be considered the | 
normal jerk of the normal subject therefore 
presents itself. In order to study this prob- 
lem, an extended series of experiments was 
performed upon seventeen subjects, seniors 
in college and graduate students, all of 
whom were in a healthy and normal con-  - 
dition. One subject, however, during the 
period of time over which the experimenta- 
tion extended, developed certain nervous 
symptoms which will be noted later. The 
experiments, divided into four groups, were 
made on four different days, a group each | 
day, usually with an interval of one week, 
but in some few cases, at an interval of . 
two or three weeks. The experiments on a 
given subject were made at the same hour 
each day and consequently always followed 
the same amount of preceding college work. 
A group consisted of either forty or forty- 
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35 For the assumed normal condition Lombard had 
the subject lie upon his left side upon a comfortable 
couch, the back and head being supported. The ~ 
right thigh rested in a splint of plaster of Paris, — 
shaped so as to conform to the inner and posterior 
surface, and of such a height as to hold the knee 
on a level with the hip joint. The right foot was 
supported at the same height by a swing suspended 
by a cord from the ceiling. In this position the 
muscles were passive, and the whole body was as 
far as possible in a state of rest. 

3 Sommer views the knee jerk phenomenon as the 
motor expression of a definite disposition of the 
nervous system and maintains "dass aus den 
Nachweis solcher Schwankungen von motorischei 
Reactionen ein Schluss auf eine gewisse generale 
Disposition der Nervensubstanz eines Individuum: 
gemacht werden konnte." 


ve experiments, which were divided into 
series containing five experiments each. 
The initial, middle and final series, 7. e., 
the first, fifth, and eighth or ninth, were 
always made under the assumed normal 
^ conditions, the remaining series of the 
- group involving various augmenting con- 
| ditions, e. g., muscular contraction, mild 
- electrical shock to various portions of the 
body, pain stimulus, etc. 

In all of the experiments the force of 
the blows on the tendons and the intervals 
between the blows were kept constant. 
The subjects were directed to allow the 
body to relax and to avoid, as far as pos- 
sible, giving active attention either to the 
experiment or to any ideas which might 
come into mind. 

In order to eliminate as far as possible 
all variations due to the augmenting effect 
of accidental stimuli, the experiments were 
performed in a room from which practically 
-all noises from other parts of the building 
. and streets were excluded. The room is 
- partitioned off from a larger room on the 
top floor of a building by double walls, the 
space between being filled with sawdust. 
The entrance is closed by heavy double 
doors; the only other means of communica- 
tion is a small opening in the wall directly 
behind the chair upon which the subject 
is seated, which permits the passage of two 
fine linen threads, attached to the heels of 
- the subject in the experimenting room, 
to the recording apparatus in the room 
adjoining. 

The room is illuminated by a single 
_ incandescent lamp so placed that it does 
. not shine directly on the eyes of the sub- 
ject. The walls, ceiling and carpet are 
. neutral gray in color. Ample ventilation 
_ is provided. X 

"The subject is comfortably seated in a 

Morris chair, the legs of which had been 
- lengthened about 18 inches. The back of 
_ the chair is inclined at an angle of 45 
degrees. In this semi-reclining position the 
greater portion of the weight of the body 
1s supported upon the pelvis, thus reducing 
the pressure of the flexor muscles of the 
- under part of the thigh to a minimum; the 
knees extended some distance beyond the 
edge of the seat; the lower legs are thus 
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free to swing back and forth --:-hout strik- 1 


ing the edge of the seat, the ‘set clearing - 
the floor. The head is s: ted in a 
comfortable position and th- vms are al | 
lowed to rest extended on broad flat 7 
arms of the chair. The cus is slightly ` 
hollowed out at the edge ie seat to | 
conform to the contour of t! ; thereby - 
preventing them from bein: ed out of - 
position. In this position :uscles of 
the body are thoroughly : and the 
distracting effects of comp! d harness 
and apparatus are avoided. 

The bell, the use of whi lescribed 
later, was fastened to the wa! t back of | 
the subject in the median >` of the 3 
head and body and on a ! ith the 
head. Its ring consisted of le tap of 
moderate intensity. 

The apparatus employed t« the blow 
on the tendons consists of hammers 
swinging as pendulums fron pporting 


I 
This frame is const) | 


frame. of two 
telescoping upright rods, sec: n heavy 
iron bases, resting on the f ind con- 
nected above by a horizon: ass bar. - 
The frame is moveable and r adjust- 
ment can be secured in positi y braces 
clamped to the arms of the ci and the 
upper ends of the upright rods ve clamps 
on the horizontal bar furnish point of 
support for the hammers. > clamps 
can be moved to any positio: along the 
bar. The hammer is made of lesd, cylindri- 
cal in form, 6 cm. long and 2.5 cm. in di- 
ameter; the pole coming in contact with 
the tendon is spherical in shape. It is sus 
pended from the moveable clamp by a 
brass handle or arm made of two pieces 
which slide over each other and are fastened 


together by a thumb screw to give any 
desired length. When the hammer is ad- 
justed for the experiment, the pole barely 
touches the ligamentum patellae. It 18 
then drawn back by the experimenter 
until it is caught by an electro-magnet, also 
supported from the moveable clamp on the 
horizontal bar, and which can be further 
adjusted at any height within 90 degrees 
from the vertical position. When. thus 
caught by the magnet it is held until the 
current is broken by the interrupting 1 
strument in the recording room. This at 
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rangement oí :he hammers provides for 
exact adjustme»: and makes it possible to 
— keep the force ^e blow, once determined 
- upon, absolute! constant for all subjects. 
In the experiments herein reported, the 
length of the of the hammer was kept 
at 23 cm., ire through which the 
hammers sw t 50 degrees. 
By means instrument (interrupter) 
| in the reco: com, the signal bell and 
-the hammer operated automatically 
- at regular i: This instrument con- 
sists of a br ‘inder, 19 cm. in diameter, 
which is ro t a constant rate about 


» means of a weight and 
anism. The circumfer- 
ler is surrounded with a 
of small holes, placed at 

Brass pegs, 6 mm. long 
these holes and project 5 


its vertical 
escapement 
ence of the 
number of 
' regular inte 
are inserted 


mm. beyond he surface of the cylinder. 
The time in ıl required determines in 
which holes ı row the pegs are to be 
placed. Du the rotation of the cylinder 
- these proje: pegs come into contact 
- With two co t pieces fastened on an up- 
- right. For present experiment the 
| Upper contac’ piece was so adjusted that 


the upper ro« of pegs in the cylinder in 


passing close: ^omentarily a circuit thereby 
ninging the six:::| bell; in the lower contact 
plece the pes of the lower row broke a 


P Circuit momentarily, causing the electro- 
Magnets to release the hammers. By the 
© adjustment of these two contact pieces, the 
| time elapsing between the ringing of the 
P bell and the fail of the hammers can be 
> made any desired amount. For the experi- 
L ments herein reported the interval was .5 
Second, 
_ The recording apparatus consists essen- 
tially of two pens to each of which are 
fastened the strings attached respectively 
Ee right and left heels of the subject in 
Be experimenting room. The pen carriage 
1 m upon two steel wires drawn very taut 
E Bid Consists of two parts: an ink reservoir 
P pen which is supplied by it with a 
n Muous flow of ink. The pen inscribes 
] a Er arsin of the foot upon an endless 
F Ee Which passes over the tracing 
Es eneath the pen. The carriage is 
n back after the outward excursion by 
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means of a small weight fastened to the 
rear end of the carriage by a string playing 
over a small pulley. As the total amount 
of the friction of the pen on the paper and 
the carriage on the wires is extremely small 
a weight of 17 grams is sufficient for the 
purpose and offers practically no resistance 
to the outward kick of the leg. The two. 
rollers which receive the paper are con- 
nected by belts to a pulley which the person 
recording turns by hand; by this means the 
rate of movement of the two rolls at any 
one time is the same and the two curves 
therefore correspond. The recorder begins 
to turn the pulley just before the tendons 
are struck and continues turning until the 
legs have come to rest. The first kick out 
of the legs and all the subsequent swings 
are therefore recorded. (See Record No. 1.) 
When the pens are at rest, a movement of 
the paper will cause a horizontal line to be 
inscribed. This base line is a broken line; 
its rise and fall indicates that the leg after 
the kick does not always drop back into 
exactly the same position. The extent of 
any given initial kick as well as any sub- 
sequent swing is taken to be the distance 
from the extremity of the line to the base 
line immediately preceding and in the 
tables given is expressed in millimeters. 

In order to determine the individual dif- 
ferences in the normal jerk an average of 
all the normal series in the four groups was 
obtained. Since no two kicks are of the 
same extent, even when taken under pre- 
cisely similar conditions, an average of a 
determined number of trials must be taken 
as the index of the extent of the kick under 
the given conditions. The mean variation 
is frequently considerable but the averages f 
obtained from several groups under similar 
conditions usually correspond very closely. - 
Although the averages obtained in this | 
manner may not be looked upon as absolute 
indexes of the extent of the kick, they, 
nevertheless, afford a satisfactory means 
of comparison between results obtained 
from different individuals and under varied 
conditions. En 

In Table I are given the averages for — 
the seventeen subjects for both the right 
and left legs, each average representin: 
the results of 60 experiments. The sul 
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jects have been arranged in order with 
reference to the increase in the averages 
for the right leg.'^ It will be noticed that 
the increase in the averages for the left leg 
corresponds very closely. This order is 
kept in the tables following. The average 
normal jerk for the subjects reported there- 
fore varies from 0 to 165 mm. These 
marked individual differences are not due 
to any of the sources of variation found by 
Lombard." Although the subjects were 
experimented upon at three different periods 
of the day, no correspondence is found to 
exist between the extent of the kicks for 
_ the different subjects and the time of day 
at which the experiments were made. The 
experiments were performed on Subjects 
B, C, F, G, K and M between 9 and 11 A.M., 
_ the period at which Lombard found the 
largest kicks occurring with his subject. 
The averages for B and C are extremely 
- small while no subjects in this number were 
X among those giving very large kicks. The 
experiments were made on Subjects A, E 
and N between 11 and 1 o'clock and on 
Subjects D, H, I, L, O, P and Q, most of 
whom were among those giving the largest 
kicks, between 3 and 5 p.m. 

Further the experiments were all made 
during the months of February, March and. 
the early part of April, while the building 

was being heated, the temperature of the 
room being kept at about 70 degrees. Con- 
sequently these individual differences can- 
not be ascribed to this cause of variation. 

Finally, the non-correspondence in the 
extent of the kicks obtained from subjects 

. experimented upon at the same period of 
the same day is sufficient evidence that the 
barometric conditions are not responsible 

— for these differences, 

_ From the results it appears impossible 

p to fix upon any given amount as repre- 

senting the extent of the normal knee jerk 
of the normal man, with a blow of given 

_ force. Nine of the seventeen subjects gave 


F | 
alelo e rk ela rr krim] |P|9 
3 =| 
RightLeg. | 0 | 16.4| 20.7 | 24.6 | 35.2 | 52.8 | 68.8 | 71.9 | 73.3 | 81.4 | 92 | 92.6| 982 [135.5 | 1484 
eftLeg...| 0| 8.9| 20.8| 28 | 22.3 | 69.9 | 64.3 | 73.3 | 37.9 | 76.6 | 95.7 [104.4 | 98 | 9 | 144.6 | 165.3 
| 


averages falling within w: nits, 50 to 
110 mm., and in the abse: more defi- 
nite knowledge we may : rily desig- 
nate an average falling wi! »ese limits 
as normal. There is no : however, 
for looking upon average g without 
these limits as indicative ibnormal 
condition. There may «e a total. 
absence of the jerk in ap tly sound 
subjects (Subject A). V 'epartures 
from the limits, thus arbitr: termined, 
therefore have no significa: hey may, 
however, direct the study cause of 
these individual difference ' cases in 
which they are most marke 

A careful examination sl that the 
anatomical formation of th es of the 
different subjects varied sligh: he hollow 
beneath the ligamentum ie being | 
more or less well marked. of course © 
allows a greater or less disp!: ent of the 
tendon when struck, and in isequence - 
the quadriceps is offered a me«!:. vical stim- - 
ulus of varying intensity. "orrespon- 3 

!5 The averages given for Subject i» have little or | 
no value. In Group I this subject gave large kicks 


with regularity, the average for ai! the normals 
being 92.1 and 103.3 for the right and left legs 
respectively. In Group II the extent of the kicks 
was greatly diminished and in Gr II and IV 
no response was obtained under ul conditions: 
For the remaining subjects the av airly repre- 
sent the actual results. 5 

1 During the period covered by the experimenta- 
tion Subject I, especially at the time when Groups 
II and IV were employed, was suffering from some 
slight sensory disturbances which were restricte 
entirely to the left side of the body. These di* 
turbances manifested themselves in fugitive sensa- 
tions of pressure along the left side of the lumbar 
and sacral regions of the cord and in iumbre a 
the little finger, little toe and restricted areas on the 
abdomen. A medical examination revealed nothing 
further than that the subject was suffering from 
nerve exhaustion due to overwork. This fact prot 
ably accounts for the marked discrepancy betwee? 
the averages for the right and left legs. uS 
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act and the differences 
kick could be observed. 
‘on that the knee jerk is 
Gon, due to a mechanical 
in the extent of the 
subjects, when the in- 
nulus is kept constant, 
to a difference in the 
;adriceps, 2. e., its capacity 
a contraction of given 
ius. This tone is depen- 

; relations of the muscle 
vous system. It may be 
the normal subject, the 
portions of the muscula- 

: relatively uniform. We 

t to find a correspondence 
done by any two or more 
A comparison between 

of the quadriceps in the 
contraction of the muscles 
arms in the dynamometer 
uch correspondence. For 
;e dynamometer test is un- 
he ability to make a high 
mental factors quite as 
‘re tonic condition of the 


dence betwee: 
in the exten 
On the ass 
- amuscular c 
—— stimulus, are 
- kick for diff 
tensity of t! 
must be re! 
| tonicity of t 
- to respond 
- energy to a 
dent upon « 
to the cent: 
assumed th 
- tone of the \ 
ture of the | 
should then 

- between th: 

- groups of mi 
the contrac 
knee jerk an 
of the hand: 
test gives : 
many reaso 
satisfactor; 
record inv. 
much as th. 


muscles. Tr- test, in this instance, how- 
ever, was ur ‘liar to the subjects experi- 
mented upo: | the results may therefore 
€ considere! more of an index of the 
muscular ti of the mental conditions 

- Involved. 
In the curve the heavy line represents 


the average : al jerk of the right leg for 
fen subjects. The broken line represents 
the average of five trials with the dyna- 
, Mometer with maximum energy. 

The wide divergence of the two curves 
Suggests that the knee jerk is more depen- 
dent upon differences in the irritability or 
conductivity, or both, of the nervous struc- 
tures involved in the knee jerk mechanism 
than upon differences in muscle tone. If 
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TABLE II. 


The dynamometer test was made with the eleven 
subjects indicated. The knee jerk curve (the heavy 
line) is constructed from Table I. 


this inference is legitimate some evidence 
is offered for the view that the normal jerk 
is more dependent upon the reflex influences 
initiated by the blow on the tendon than 
upon the response of the quadriceps muscle 
to a mechanical stimulus. 

A comparison of the results obtained in 
the initial, middle and final series of a given 
group shows that there is usually a marked 
decline in the extent of the normal kick 
during the course of the group. Given in 
Table II are the averages that represent the 
results obtained in the above-named series 
for all four groups. The initial series was 
always taken after one or two preliminary 
trials in the adjustment of the apparatus; 
the middle and final series were preceded 
by series in which augmenting stimuli of 
various kinds were employed. For three 
subjects (H, K, O) the average of the final 
series is slightly greater than the initial 
series. For the remaining subjects (except 
A, who gave no kicks at all) there is a 
decrease which is well marked in most in- 
stances. For ten subjects, the value repre- 
senting the middle series falls, where we 
should expect to find it, between the values 
representing the initial and final series. 


Subject A3 |e] plo bd e miu I KAGE eM de NP | O25) P Q 
Initial Series O | 17.7 | 24.4 | 37 57.4 | 71.7 | 69.6 | 63.5 | 91.4 | 92 90.6 | 109.1 | 103.9 | 120.4 | 111.5 | 163.3 | 152, | 
Middle Series,| 9 18 | 21.7 | 34 | 26.4 | 45.9 | 75.5 | 81.6 | 76.6 | 74 | 97.6 | 93.1] 106.8) 96.6 | 127 | 133.4 | 146.7 | 
Final Series, 9/14 |131| 2.7] 22 |41 | 61,4] 70.6 | 56.3 | 78.4 | 98.9 | 79.2| 74.6] 88.5} 126 | 134.9 163 n 
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TABLE III. 
plebelbelbmg|x]|s:blelr[|w]x rio 
92.1 | 16.2 | 26.8 | 80.2 | 70.8 | 72.1 | 99.5 | 112.5 | 105.5 | 79.5 | 102.5 121.4 | 191.5 
0 |18.7| 51.4 | 60.9 | 67.9 | 96.7 | 93.1 | 113.6 103.2 | 111.7 | 104.9 1739 | 978| 
This decrease may be due either to to give any normal kicks Group IV 7 
atigue of the muscles or nerves, or both, although reacting when aug »g stimuli 
or to an accommodation of the subject to were employed. In Group ) response 
the constantly recurring stimuli. Neither whatever could be obtained : with in- 
the nervous excitation nor the muscular tense augmenting stimuli ts B, C, 
contractions seems to have been of suffi- F, I, M, O and P gave mar! reases in. 
cient intensity or duration to have produced Group IV while the result m the re- 
.an appreciable fatigue of the structures in- maining subjects differ but from the 
_ volved. On the other hand, the fact that a results of Group I. 
- series of experiments under slightly unusual 
- conditions, when employed after the com- Il. 
pletion of a group, always resulted in kicks : 3 
somewhat increased in extent, offers some In addition to the diffi : in the 
evidence that the accommodation of the. extent of the initial kick « the legs 
H subject to the stimulus and the surrounding following blows of constant : on the 
conditions is responsible for the decrease, tendons, the subsequent swi the legs 
It also indicates that the accommodation before coming to rest presen in varia- 
consists rather in a mental quiescence than tions. Record I? is the cu: one sub- 
‘in a purely physiological modification of ject (Subject M) for the : leg in a 
the nervous system. normal series of Group |. tracing 
_ The increase in the extent of the jerk above the baseline represer! ie actual 
when definite mental states are employed excursion of the leg outward | the posi- 
"as augmenting stimuli and the decrease in tion at which it is at rest." I: iments 1, 
the kick (frequently approximating zero) 4 and 5 yield records which cor «pond very 
when consciousness is relatively emptied Closely both in the extent of the :nitial kick 
of content led Witmer5 to look upon the and the number and extent c: ‘he subse- 
kick as a function of its mental augmenta- quent swings. In Experiment ? ihe height 
“tion. This view finds corroboration in the Of the initial kick is equal to ihe initial 
- fact that the subjects whose results are kick of Experiment 5, but the first subse- 
__ herein reported gave testimony that mental quent swing is considerably greater and an 
activity seemed to wane during the experi- additional subsequent swing appears. Ex- 


. mentation and even frequently complained 
Í drowsiness toward the end of the group. 
The absence of the reflex influences depen- 

ent upon vigorous mental activity may 
therefore account for the observed decrease 
in the final series. 


i s in Groups I and 
IV. Subjects G and Q gave decreased 
Kicks in Group IV while Subject D failed 


B 


periment 3'also yielded three subsequent 
swings, but this may be due to the greater 
extent of the initial kick. This record is 
fairly typical of the tracings obtained from 
the other subjects experimented upon: 
When first observed the subsequent swings 
appear as merely the oscillations of the leg | 
to and fro as a pendulum but the evidence 


18 A paper before the American Psychological As 
sociation, 1895. 

?? [Reference to omitted records (pp. 38-39 of the 
thesis). ] 1 

? On account of the limitations of the recording 
apparatus used, the tracings below the horizontal 
line have no meaning. i 


: graphic record of the dif- 
the extent of the first 
ollowing initial kicks of 

ves this view. That 

ngs are not merely the 

-2 legs coming to rest as a 

ier established by a com- 

"mer? made between the 
nd the curve obtained by 

f a corpse, immediately 

‘casing it and taking the 
inging leg in the same 
ve in the latter case with 
consisted of five depres- 

base line and four eleva- 
iing to rest as a pendulum 
ame place on each trial. 
of the legs were followed 
nber of subsequent swings. 
ind, fewer oscillations take 
first kick out in the normal 
curve obtained by Sommer, 
| kick was about the same 

‘levated leg of the corpse, 

elevation, a relatively less 


furnished by : 
ferences be^ 
secondary s" 
equal exter: 
these subseg: 
movements « 
pendulum is 
parison whi^ 
knee jerk ci 
raising the 
after deat! 
record of 
manner. 
the given 
sions below 
tions, the i: 
in exactly 
Equal ele, 
by the san 
On the oth: 
place afte: 
knee jerk. 

_ when the i 
height as 
consists of 


I 


depression ^w the initial level, of a 
second ele, n with return to the initial 
level. 

Record | he result of a normal series 
for the sarc subject taken in Group IV. 
Eighty-five onore experiments were there- 
fore made between the two records. Al- 
though the conditions were exactly similar 
in the two instances, it will be observed 
that together with the increase in the extent 
of the initia! kick [reference to omitted 
figure] there is a marked difference in the 


appearance of the subsequent swings. Both 
the number and extent of the swings is 
greatly increased. In the last three experi- 
Ments of the series the extent of the first 
Secondary swing and in the third experi- 
ment the second secondary swing is greater 
than the initial kick, 

Ithough the secondary swings in the 
Normal series of later experiments become 
actually greater than those in experiments 
at the beginning of experimentation, as in 
the case cited , for a limited number of sub- 
v PM is a decided tendency for the ex- 
E of the Secondary swings gradually to 

Tease for all subjects as the experimenta- 
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tion proceeds. Some subjects, however, 
show more marked variation in the number 
of subsequent swings. Record III (Subject 
H), which is the record of one experiment in 
a normal series in Group III, even though 
the initial kick is less than those of Record 
II (Subject M), shows a larger number of 
subsequent swings. The record of this one 
experiment is typical of the records ob- 
tained in all the experiments in the normal 
series of this group for Subject H. The 
records of the normal series in Group I 
(Record IV) show two and three less sub- 
sequent swings following initial kicks nearly 
equal in extent. The increase in the num- 
ber of swings develops gradually through- 
out the intervening experimentation. 

TThese same variations are much more 
apparent when some augmenting stimulus 
is employed to reinforce the normal jerk. 
Records V and VI were taken when the 
subject (Subject M) clinched both hands 
vigorously just before the blow on the 
tendons. Record V shows the result of a 
series in Group I, Record VI the result of 
a series in Group III for the same subject. 
The variations observed in the normal 
series are again presented. The subsequent 
swings increase in number and extent with 
the increase in the total number of preced- | 
ing experiments. A much greater number 
of subjects give secondary swings larger 
than the initial kick when some augmenting 
stimulus is employed than in the normal 
series; a marked increase is obtained in the : 
remaining subjects. 

A comparison of Records VII and VIII - 
(Subject H) taken in augmented series in 
Groups III and I, respectively, shows not 
only an increase in the extent of the subse- - 
quent swings but a remarkable increase in | 
the number of swings. This record is fairly - 
typical of the records obtained for the other. 
experiments in the series mentioned. 

Sommer? concludes from the marked dif- 
ferences between the excursion of the leg of © 
a corpse when elevated and allowed t 
swing until at rest and the curve of th 
knee jerk, that in the latter instance som 


71 Psychopathologischen Methoden, p. 28. 
2 Psychopathologischen Methoden. 
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energy is somewhere operative which in- 
hibits the previous mechanical pendulum 
movements and that this inhibition is con- 
ditioned by "Innervationszustánde" mainly 
cerebral in origin, and not by the mechan- 
ism of the knee joint. Many records of the 
knee jerk, presenting variations in both the 
form and number of oscillations following 
_ the initial kick out of the legs, for the most 
|" part obtained from subjects presenting 
- neuropathological conditions, substantiates 
the view that the character of these oscilla- 
- tions as well as the initial kick are an ex- 
"pression of a variable disposition of the 
nervous system. This is certainly true as a 
general statement, but on the other hand 
the results of Sherrington,? which show 
that at the knee joint excitation of the 
afferent fibers coming from one set of 
antagonistic muscles induces reflex tonic 
contractions of the opposing set, despite 
'the fact that the opponent muscles are not 
innervated from the same spinal segment, 
seem to offer a more definite and immediate 
- explanation of the phenomenon. 

Severance of the great sciatic trunk in 
lower animals produces an increased brisk- 
ness of the knee jerk. This Sherrington% 
found to depend solely upon the cutting of 
that portion of the trunk which is destined 
lor the hamstring muscles. This severance 

‘results in a loss of the tone of the hamstring 
muscles in consequence of which there is a 
- relaxation of the flexor tension on the leg. 
This allows the leg to swing out without 
opposition. Certain experimental results 
Obtained by Sherrington supplement this 
- mechanical explanation with a more satis- 
factory physiological explanation. In this 
study he was able to establish three impor- 
, tant facts concerning the contraction of the 

extensor muscles produced by stimulating 
_ the motor nerve to the flexors, 


1. If for the excitation of the motor root 
to the flexors a series of induced currents 
are employed, succeeding each other ata 
tate slow enough to produce not perfect 
tetanisation, but tremulent contraction of 
the muscles, the contraction obtained in 
the extensor muscles coincidently was, 
evertheless, perfectly steady and tetanic, 
though not vigorous. 
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2. If the flexor muscles are severed from : 
connection with the knee jcint, so that — 
their contraction cannot af the joint, — 
and if the knee jerk be ced before, - 
during and after stimulation -' the motor — 
root to the flexor muscles, d 


tation, when those flexor mu: 
tracting, the knee jerk, b; pi 
and brisk later, disappear: r 


almost 
disappeared. 

3. If the sensory spinal : belonging 
to the hamstring nerve ar ed, the 
stimulation of a motor root he ham- 
string muscles is no longer mpanied 
by contraction of the extens uscles of 
the knee, even when strong lation is 
employed. 

From these facts Sherrine: ncludes 
that the degree of tension in »uscle of 
an antagonistic couple intin affects 
the degree of tonicity in its rent not 
only mechanically but also re! through 
afferent and efferent chan: nd the 
spinal cord. 

It can be maintained, the: , that a 
blow on the patella tendon p ily initi- 
ates a nervous excitation whi reflected 
in the second or third lumba: »ent into 
the efferent tracts to the quadri muscle; 
as a secondary result an excii n passes 
down over the intervening segs: its of the 
cord and is reflected into the division of the 
great sciatic nerve distributed to the ham- 
string muscles. This nerve impulse mo- 
mentarily increases the tone of the ham- 
string muscles, possibly produces mild con- 


tractions, consequently not only the initial 
kick but also the subsequent swings of the 
leg as well are opposed. In the corpse 
these reflex influences are totally absent 
and the leg is free to swing as a mechanical 
pendulum. 

Upon this theory, how can the increase 
in the number and extent of the subsequent 
swings following the initial kick, observed 
to take place as the total number of experi 
ments is increased be explained? Let us 
assume that the repeated transmission of 
reflex excitation along a reflex arc, including 


* Proceedings of the Royal Society, Vol. 52, p. 563. 
* Loc. cit. 
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ont, an afferent and efferent 
^ or from a given segment 

;ment somewhat removed, 
^way offering increasingly 
:vidence bearing on this 


the spinal sez 
conduction 
in thecord t: 


point is pre: 


| in Part I of this mono- 
graph. A | of constant force on the 
tendons wil! ; result in a more and more 
intense stin on of both the quadriceps 
and its ant ist. This increase will be 
relatively c nt, consequently the extent 
of the initi k is still checked by the 
simultaneo:: mulation of the hamstring 
muscles. ‘| ‘tual extent of the kick, 
however, t: > increase somewhat with 
the contin of experimentation (see 
p.1056). V 1e increased intensity of the 
reflex influx he flexors are thrown into 
more viole: traction, which contrac- 
tion now be €s an adequate stimulus to 
the sensory rs terminating in the flexors 
andasaresi there is a vigorous excitation 
to the cord i ultimately to the quadri- 
ceps. This tation therefore contributes 
its quota t« ` second outward excursion 
of the leg . d frequently is sufficiently 
Vigorous to . oduce a kick larger than the 
initial kick. : view is fully corroborated 
by Sherring experiment in which he 
succeeded ir y augmenting the extent 
of the knee jeric by merely compressing the 
hamstring muscle when it is completely 


dissected awa 
the nerves wer 


from its attachments, while 
e still intact. 


HI. 
During the adjustment of the apparatus 
9r an earlier group of experiments with 


one subject (Subject A)'5 a decided kick of 
both legs was observed to follow a tap of the 
Signal bell occurring without the usual blow. 
of the hammers on the tendons. It was at 
first believed that the subject had merely 
yoluntarily kicked out the legs, but upon 
eng questioned, he stated that although 

Aes conscious of the movement as it was 
Cod Place, it had not been caused by a 
n effort, and further, that the sub- 
usi ve eeling accompanying the movement 
Edu to the feeling of the movement 
m ing the blow on the tendons with the 
€ption that he was quite conscious that 
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TABLE IV. 


the tendons had not been struck. Two 
alternatives presented themselves. Either 
(1) the subject was in error in his intro- 
spective observation and had voluntarily 
moved his legs, or (2) the true knee jerk 
(or a movement resembling it in appear- 
ance) had been produced by a stimulus 
other than the usual one. 

In a group of experiments, consisting of 
eight series, designed primarily to study 
the effects of motor augmentation, three 
series of five experiments each were planned 
to investigate the phenomenon. In Series 
III the subject was directed to clinch both 
hands at the sound of the bell and twice in 
the series, the third and fifth experiments, 
the hammers were dropped as usual but 
were caught before they had struck the 
tendons. Again in Series VII the subject 
was directed to clinch both hands and the 
hammers were caught in the second, fourth, 
and fifth experiments. In Series VIII, a 
normal series, the bell sounding as before, 
the hammers were caught in the third 
experiment. 

These experiments were performed one  . 
week subsequent to the first observation of 
the phenomenon. The subject was in abso- 
lute ignorance as to the nature of the ex- 
periments in the group and had no way of 
knowing when the hammers would not be 
allowed to strike the tendons. Table IV. 
gives in millimeters the results of the 
experiments when the hammers were not 
dropped. It will be observed that in each 


25 Proceedings of the Royal Society, Vol. 52, p. 563. .— 
26 Subjects A, B, etc., do not correspond with the. 
subjects thus indicated in Parts I and II, The 
experiments reported here were made the year 
previous; the report includes the results for all t 
subjects upon whom the series were performed. 
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TWITMYER 
TABLE V. 
A B c D E 
Experiment | Right Left Right Left Right Left Right Left Left 
3 130 193 40 45 60 
5 255 195 | 
2 244 291 61 70. 98 | 5 
4 145 | 204 10 | 
5 183 240 | 
3 105 168 
i of the six trials in which the tendons were series were employed in the bell 
— not struck the subject responded with a sounded as usual and the ! ers were 
decided kick. To all appearances the move- caught each time before st: the ten- 
ment had the explosive, jerky character of dons. In each series the b ck every 
the kick following the actual blow on the fifteen seconds with an intcr wo min- 
endons. The subject again testified that utes between the two seric» the first 
the movement had not been produced series the subject was giveii lirections 
- voluntarily. whatever; for the second he was 
|. The same series of experiments was then directed to clinch both hanc! Il experi- 
. De . 1 
erformed with five other subjects who ments except the fourth. »e latter 
had not been made acquainted with the series the subject, without t! nowledge 
nature of the series and the results ob- of the experimenter at the ti made an 
tained from Subject A. Table V gives the attempt to inhibit the kicks. Table VI 
results of these trials for the six subjects. for the results obtained.] V the sub- 
Although results were obtained from two ject still remaining seated in pos; iion during 
additional subjects under the conditions the following five minutes there was no 
— described, the results obtained from Subject further movement of the les» after the 


A were not considered to have been wholly 
confirmed. Subjects C, E and F gave no 
response when the tendons were not struck. 
Subjects B and D gave some kicks but not 
ith the regularity of Subject A. They 
greed, however, with Subject A in saying 
that the kicks which occurred were wholly 
involuntary. 

In order more fully to confirm the results 
obtained from Subject A, two additional 


TABLE VI. 


Series I Series IT 


tapping of the bell had ceased s 

One week later, no experiments having 
been performed on the subject the mean- 
time, a new group was en ed, four 
series of which contained experiments 1n 
which the hammers were not permitted to 
strike the tendons. In Series TI the sub- 
ject was as before directed to clinch both 
hands at the sound of the bell, tendons not 
struck in Experiments 3 and 5; Series IV, 
the subjects said “ah” when the bell struck, 
tendons not struck in Experiments 1, 3 an 
4; Series VI, Experiment 4, slight pin prick 
on the left thigh; Experiment 5, same On 
right thigh, tendons not struck in either 
case; Series VIII the subject was directed to 
think vividly of clinching both hands with- 
out making any actual contractions; b 
dons not struck in Experiments 1 and & 
Table VII gives the results for the S% 
subjects. 
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tained in p 
periments 

Subjects C 
no result i 
consistent]; 
E alone fail 


'rtion to the number of ex- 

Kicks were recorded for 
F, both of whom had given 
ie first group. Subject A 
ked each time and Subject 
o give any response. 


_ The week 'sllowing a final group, con- 
sisting of ci«^t series, was employed, in 
which five the series contained experi- 
ments withost the blows on the tendons. 
Series IT, the s ibject was directed to clinch 
both hands ai the tap of the bell, the ten- 
ns not struck in Experiments 3 and 5. 
Series IV th j 

electric shoci 

hands. An induced current, resulting from 


an instantaneous make and break of the 
Primary current of an induction coil was 
used to produce the shock which was not 
ficiently strong to cause apparent con- 
Peers of the muscles of the hands and 
a farms. The current was closed by the 
: Pa enter reacting to the sound of the 
r with a telegraph key; with probably 
TSe variations the shock occurred about 

2 Second after the stroke of the bell. 

5 ammers did not strike the tendons in 
E eue 2 and 5. In Series VI the 
d en pinched both hands at the sound 
B. ell and the shock, as in Series IV, 
employed in addition. The hammers 


TABLE VII. 
| A B c D E F 

Series Ex; y Right | Left | Right | Left | Right | Left Right | Left | Right | Left | Right | Left 
Is. 
Ies. 
MIS... — 
VIII — 

Comparin. the results of this group for did not strike the tendons in Experiments 
all the sul s with the previous one it 1, 3, 4 and 5. Series VII was a normal 
will be obsc---d that more kicks were ob- series, the hammers being caught in the 


second experiment. Series VIII, same con- 
ditions as Series VI, the tendons not struck 
in any of the five experiments. 

Table VIII gives the results for the six 
subjects. 

In the fourteen experiments of this final 
group in which the tendons were not struck, 
Subjects A and F gave decided kicks every 
time, with the single exception of Subject 
F with the left leg in Experiment 1, Series 
VI. Subjects B and C failed to respond 
in only two experiments, while Subjects D 
and E gave three and four kicks respec- 
tively. A much greater proportion of kicks 
was therefore obtained in this group than 
in either of the two preceding groups. 

The results of these experiments warrant | 
the opinion that the occurrence of the kick 
without the blow on the tendons cannot be 
explained as a mere accidental movement 
on the part of the subjects. On the con- 
trary the phenomenon occurs with suffi- 
cient frequency and regularity to demand 
an inquiry as to its nature. N 

Excepting in Series VI of the second 
group and Series IV, VI and VIII of the 
third group, the tap of the bell was clearly 
the immediate stimulus to the movement. 
When the bell ceased striking no further. D 
kicks occurred without the blows on the 
tendons. The clinching of the hand: 


Left | Right. 
128 


192 
[128 | 
360 | 
130 | 
“160 | 
ral 
ae | 


slof- njanje] ojej ajajaj a 


| 


Which was employed to produce an augmen- 
tation of the normal jerk, even when per- 
formed with maximum energy on the part 
of the subject, elicited no movements of 
the legs when the bell was not striking. 
1 Series VI of the second group the painful 
prick on the thigh and in Series IV, VI and 

IIL of the third group, the electric shock 
Was employed as the augmenting stimulus. 
bsequent attempts to produce the kicks 
vith these stimuli when the bell was not 
ing were sometimes successful and it 
y be questioned whether these stimuli 
not immediately cause the movement 
the experiments indicated rather than 
troke of the bell. Assuming this to be 
the case there is still no reason for believing 
jd t the movement differed in character 
- from the movements following the stroke 
- of the bell alone. The painful prick on the 
thigh was not sufficiently intense to cause 
the subjects consciously to react in an 
— effort to remove, or get away from, the 
_ stimulus, and as a reflex movement in re- 
nse to a pain stimulus, the reaction 


would naturally have manife itself in 
withdrawal of the thigh from stimulus, 
or perhaps a movement of the «tire body 
rather than in a simple kick -ut of the 
legs. The induced current ci: ‘oyed was 
not strong enough to be pain!i and, ex 
cepting a few instances, produced no pet 
ceptible contractions of the muscles of the 
hands and arms, much less of the body and 


lower extremities. The movement in the 
first instance cannot, therefore, be view 
either as a voluntary effort or a general 
reflex movement in response to a painful 
stimulus nor in the second instance as 4 
movement due to the diffusion of the cur 
rent through the body to the muscles of 
the legs. We are therefore justified in look- 
ing upon the movements following these 
stimuli as identical in character to the 
movements obtained with the bell alone oF 
with the bell and some voluntary muscular 
contraction as a source of augmentation. 
Can these movements, then, be look 
upon as the true knee jerk phenomenon 
in which the appropriate stimulus, 7. êa 9 


dons has been replaced by 
val stimulus? 
‘nts are not the result of 
Each subject gave un- 
my on this point. This 
ther corroborated by the 
jects were kept in absolute 
the nature of the experi- 
be performed and conse- 
know when to expect the 
aot to expect it. Further, 
which the subjects were 
impossible for them to ob- 
hammers were about to be 
-triking the tendons, The 
ations resulting from these 
' the more general subjec- 
| not be distinguished from 
when the movements fol- 
ial blows on the tendons. 
cre, however, always aware 
‘en the tendons had not been 
*lerable confidence may be 
testimony, for all the sub- 
n students of psychology for 
' were consequently familiar 
‘od of introspective examina- 
e, as far as the data of intro- 
cerned, it can be definitely 
icre is no difference between 
("nts and the true knee jerk. 
| the part of Subject A to 
IL the kicks in the supplementary 
following Group II and in all of the 
oup HI was wholly un- 
(The attempt to inhibit the 
hent was the subject's own initiative 
tas not reported to the experimenter 
€ experimentation had been dis- 
ued.) Later experiments on another 


This corresponds exactly with the well- 
fact that the knee jerk cannot be 
arily inhibited without actual con- 
In of the flexor muscles of the thigh. 
€ observer these movements re- 
the knee jerk in every detail. The 
istic jerky or explosive appearance 
evident. When the tracings on 

were compared no difference 
pe discovered. If differences really 
nuch more rapid recording device 


As 
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will be required to detect them. In propor- | 
tion to the extent of the kick, the number _ 
and appearance of the subsequent swings — 
of the leg correspond to the number and - 
appearance of the swings following the. - 
knee jerk. ^u 
Except in a few cases the average extent 1 
of the kicks without the blow on the ten- _ 
dons was somewhat less than that of the E 
kicks following the blow. "Tables IX and Y 
X make a comparison of the extent of r 
the kicks in the two cases. The series in 
which Subjects A, B, C and F kicked every — 
time, without a blow on the tendons, were —.— 
selected for the tabulation. 
In a study of the tables it is observed — 
that the relation between the extent of the rE 
kicks of the right and left legs corresponds 
almost exactly with the results obtained . 
when the tendons are struck. Subjects A 
and B give a uniformly greater kick with 
the left leg than with the right when the — 
tendons are struck both in normal and _ 
augmented series, Subject C gives larger — 
kicks with the right leg. This relation _ 
maintains in the kicks obtained without ; 
the blows on the tendons. The results for j 
Subject F are not as consistent as the a 
results for the other subjects; this was, 
however, not unexpected, for in a long — 
series of normals and augmented kicks, the 
subject frequently failed to give any re- 
sponse to a blow on the tendons, often 
kicked with one leg only and when results 
were obtained for both legs, neither was - 
consistently larger than the other. » 

Further, the relation between the extent — 
of the initial kick out of the legs and the 
first secondary swing remains constant fo 
each subject whether the movement follows 
the blow on the tendons or whether it 
follows the sound of the bell alone. Sub- 
jects A and B give secondary kicks some- - 
what larger than the primary kicks and 
Subjects C and F vice versa. 

The movement of the legs following the 1 
tap of the bell, without the blows on the m 
tendons, has the characteristics of a simple, — 
immediate reaction to a stimulus. Upon | 
the unanimous testimony of the subjects, 
it was not produced voluntarily, i. e., there 
was no idea of the movement in conscious- 
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TABLE IX. 
Tendons Not Struck Tendons k 
^ Subject A Primary Secondary Primary ondary 
Right Left Right Left Right Leít Left 
Group I, Series iii and vii (subject 
clinch both hands)............ Av. 211.4 | 224.6 | 225.8 | 248 228.5 | 282.7 302 
Group II, Series ii (subject clinch 
both: hands). .... eee v.2| 96 139.5 | 65 91.5 || 164.5 | 255 243 
[Group II, Series iv (subject | 
Balde ablyin aa kala lta wares v.2| 136.5 | 130.5 | 161.5 | 193.5 99 134.5 273 
[Group II, Series viii (thinking 
of clinching hands). .......... Av.2 | 150 215 231 303.5 
[Supplementary (normal)........ Av. 5| 113.8 | 150.8 | 111 | 274.4 
Group III, Series vi (clinch hands | 
and electric shock)........... Av.4| 150 187.5 | 206.5 | 285.7 || 165 177 | 315 
Graun i scenes vii elece y | 
shock, both hands). ......... sees 142 184.6 | 197.6 | 267.2 || 154.3 | 253 | 356 
ness, antecedent to the movement itself. the cell bodies of the efferen duction 
It may, therefore, be held, tentatively at path are located. Here the: have à 
“least, that the movement is a reflex action. new and unusual reflex arc. V a stimu- 
The afferent excitation must therefore lus of moderate intensity, a x move- 
reach the cord at the level of the medulla ment is always restricted to i- group of 
- (or in the case of the pain stimulus of the muscles most intimately cox: «ted with 
cervical cord) and then passes down to the the sensitive part. The cell |. ies of the 
“second or third lumbar segment in which efferent conduction path are «uated in 
TABLE X. 
Tendons Not Struck Tendons Struck 
Subject B Primary Secondary Primary Secondary 
1 Right | Left | Right | Left || Right | Left | Right | Left 
[Group II, Series vi (clinch both } ico 
_| hands and electric shock)...... Av.4| 267 |302.5|227 | 286.5 || 287 | 312 | 357 | 360 
Group ITI, Series viii (electric 3 
shock, both hands). .......... Av. 5| 261 298.4 | 204 250.4 | 235.6 | 243 | 281.7 | 289 
Subject C 
- Group III, Series vi..........., Av 4| 64.2 | 42.7 19.7 7.5 || 142 85 25 
Group III, Series viii........... Av.5| 578} 3L8| 164| 9 || 173.3} 173 | 803 | 813 
i Subject F 
[Group LII, Series vi... Av.& 5 52 | 35 | 215| 1&5 || ss | 130 | 12 | 15 
Group III, Series viii........... Av.5| 41.9] 31.6] 12.4] 11.6 91.7 | 125 40 43 
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liately adjacent segments 


with the terminating fibers of the afferent 
paths. If the intensity of the stimulus is 
increased, | reflex movement may be- 
come more y diffused but is still con- 
fined for sc: 1e to muscles in the neigh- 
borhood of : ins stimulated. Increase 
the intensi : the stimulus still further 
and the re se grows more and more 
general. |: case under consideration, 
however, ti: vements cannot be viewed 
as a genera x response to an intensive 
stimulus. instance was the sound of 
the bell o lectrical shock sufficiently 
intense to "ce diffused movements 
even of nc ng parts; on the contrary, 
the only n nt of the body was con- 
fined to a |, vt of the legs which always 
displayed : ite character. 

All the « iments which had been per- 
formed in nvestigation of other ques- 
tions, prev to each of the three groups 
reported ir section of the monograph, 
may be com ered as preliminary or pre- 
paratory. hese experiments the sound 
of the bell ;ediately preceded the blow 
on the ten: One hundred and twenty- 
five such ex «riments had been performed 
on Subject ^ before the kick without the 
blow on th. tendons was observed. After 
150 trials t: phenomenon was obtained 


B and D, after 185 from E, 

C and after 230 from F. 
ients were not in a continu- 
Ous series but were performed at weekly 
Intervals on five different days. Later two 
subjects, not re ported in this study, were 
found who gave these kicks after thirty 
trials with the bell immediately preceding 
the blow. After thirty-five additional 
trials one of the subjects kicked regularly 
without the blows on the tendons. The 
Occurrence of the phenomenon, therefore, 
depends upon the preliminary simultane- 
OUS Occurrence of the sound of the bell 
with the kick produced in the usual way, 
^ €, a blow on the tendon. After a certain 
por of such trials, the number varying 
» Merent subjects, the association of the 
4 und of the bell and the kick becomes so 
p that the bell itself is capable of serv- 

8 as a stimulus to the movement. Physi- 
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ologically the repeated association of the 
functioning of the motor cells in the lumbar 
segment of the cord, upon which the kick 
immediately depends, with the excitation 
of centers in the nuclei of the medulla con- 
nected with the auditory conduction path, 
has resulted in developing a fixed relation- 
ship between them. The impulse entering 
the latter therefore finds an accustomed 
channel to the former. ‘Considerations of 
embryology and comparative anatomy" in 
the opinion of Dercum, “point to the con- 
clusion that the nervous system, though 
inextricably complex and composed of an 
almost infinite number of parts, acts as a 
whole, and that its parts are so closely re- 
lated and interdependent that no one part 
can move unless every other part, no matter 
how slightly or how profoundly, moves 
also.” According to this view every in- 
coming impulse, of whatever origin, besides 
effecting a change in the appropriate cen- 
tral cells, diffuses itself over the entire cen- 
tral system. The excitation aroused by 
the tap of the bell, therefore, always in- 
fluences, to a greater or less degree, the 
motor centers of the cord. The results of 
the experiments herein reported, however, 

would seem to indicate that it is only after 
a habit of interaction between the two in- 

volved centers has been developed by repe- - 
tition, 7. e., when the connecting pathway 

of discharge has become well worn, that 

the sound of the bell alone is an adequate 

stimulus to the movement, 

A comparison of Tables V, VII and VIII 
shows that the number of kicks obtained ^ 
without the blows on the tendons for each - 
subject gradually increases during the three 
series. In the first group containing experi- 
ments definitely planned to study the phe- 
nomenon, Subject A did not fail to respond 
in any trial An equal number of pre- 
liminary experiments has been performed 
on the remaining five subjects, but only 
two gave kicks and these with no regularity. - 
For all the subjects, in 36 possible times, 
11 kicks, or 30 percent, were obtained. In 
Group II, after the additional series of 
Group I had been performed under pre- . 
cisely similar conditions, the six subjects — 
gave 21 kicks out of a possible 54, or 40 


jects reacted each trial and two in all trials 
but two. Hence, not only the frequency 
but also the regularity of the occurrence 
increases with the total number of experi- 

ments. It may be possible that the em- 
- ployment of the more exciting electric 
stimulus in the last group partly accounts 
for the marked increase. It does not wholly 
explain it however. When this stimulus 
was tried on a subject upon whom no 
previous experiments had been performed 
no responses were obtained without the 
blows on the tendons. 

If the knee jerk following a blow on the 

tendons is a true reflex, it differs from the 
movements of the legs following the tap of 
- the bell merely in that in the latter an audi- 
- tory excitation (in some instances possibly 
- an electrical shock) has been substituted 
- for the excitation of the peripheral sensory 
fibers terminating in the quadriceps muscle 
and tendon. There is consequently an as- 
Sociation in a reflex arc of centers in the 
E. medulla or cervical cord with the motor 
cells of the third lumbar segment instead 
- of two centers represented in the same level, 
_ 4. e., the third lumber segment. 
On the other hand if the knee jerk is not 
a true reflex but merely the result of an 
_ immediate response to a mechanical stimu- 
- lation of the muscle, and the movement of 
_ the legs without the blow is a true reflex, 
a comparison of the latent times of the 
- two movements should show a marked dif- 
ference. In the mere observation of the 
two phenomena no marked difference seems 
to exist. The matter can be settled only 
by an exact measurement. This problem 
_ will be undertaken by the writer in the near 
- future. 

The results of the experiments herein re- 
ported seem to give considerable support to 
the theory held by Lombard, DeWattville, 
Mills and others that the knee jerk is due 
first to direct stimulation of the muscle 


: 
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and secondly to reflex influence. The re- | 
sults show that the extent the kick 3 
following a blow on the tendo:::, with very 
few exceptions, is greater : the kick 
following the sound of the | :lone, all 
other conditions being kept stant, lt 
in the knee jerk, the moveme initiated 
by the contraction of the mu lue to the 
mechanical stimulation and t einforced 
or continued by a reflex exci ! coming 


from the spinal center, the ence be- 

tween the extent of the kick: wing the 

stroke of the bell or the c! al shock 
and those following the blov the ten- 
dons may be taken to repres t amount 
of the movement which i to the 
mechanical stimulation of t! iscle. If 
this is true the extent of th: mal knee 
jerk depends largely upon oflex in- 
fluence, the mechanical stim on being 
responsible for only the initi ze of the 
movement. 

LIST OF RECOR! 

1. Record of five experiments r normal 
conditions in Group I { bject M, 
right leg. 

2. Record of five experiment: y normal 
conditions in Group IV f bject M, 
right leg. Eighty-five exp<: vents were 
performed between Group d IV, 

3. Record of one experiment ‘er normal 
conditions in Group IV fo Subject H 
right leg. 

4. Record of three experiments for Subject H, 
right leg in Group I. 

5. Record of five experiments with motor aug- 
mentation in Group I for Subject M, 
right leg. 

6. Record of five experiments with motor aug- 
mentation in Group IV for Subject M, 
right leg. 


7. Record of one experiment with motor aug- 
mentation in Group IV for Subject H, 
right leg. 

8. Record of one experiment with motor aug- 
mentation in Group IV for Subject H, 
right leg. 


* The eight records appear on pp. 38-39 of the 


thesis but are omitted here. 
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The class wo-factor interference hy- 
pothesis of | ïm memory, first proposed 
by Melton Irwin (1940) and later 
refined by rwood (1948), postulated 

two forget: :echanisms: response com- 
Lo petition a: ssociative unlearning or 
extinction, this latter factor being 


- assigned the 
- Interference 


ninant force in retroactive 
|) designs. An important 


consequenc: Underwood's extinction 
- hypothesis he added assumption that 
the extingu associations may spon- 
- taneously 1 T with time. Support for 
I the two-facio interference theory was ob- 
tained fro: ;€ experiments of Briggs 
(1954), Bax and Underwood (1959), 
- and McGov: (1964). 
E That all was not completely handled by 
this Specific isiierference interpretation was 
1 Suggested study of Newton and 


Wickens (1956). In an experiment de- 
igate the consolidation 
ting, they discovered evi- 
dence of RI in the A-B, C-D paradigm. 
Ince, as this symbolization states, different 
1 stimuli and different responses were used 
E the two lists, extinction of the specific 
dot ist associations could not account 
or the obvious RI effect, As a result 
1 Bn and Wickens proposed the gen- 

alized response competition hypothesis. 


Ppp: 
“trom S research was supported by Grant GB-33680 
author. National Science Foundation to the first 


2 

wanes zi reprints should be sent to Delos 
ay. IcRens, sychology De; artment, Ohio State 
| University, Columbus, Ohio 43210. 


to be inferior to List 2 at 2 min., but was equivalent or slightly better 
ist 2 recall at a 20-min. retention interval. 
ng was found to be inferior to List 2 at 2 min., but superior to List 2 at 

These results were interpreted as support for the response class sup- 
n hypothesis of retroactive interference. 
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it. This FR list was given either 
- List 1 response term recall was 


Similarly, List 1 response 


Specifically, it was assumed that the re- 
sponses of each paired-associate (PA) list 
form separate response classes, and that 
the List 2 response class interferes with 
recall of the List 1 response class. This 
nonspecific interference mechanism was 
assumed to exist in addition to interference 
produced by extinction of particular associa- 
tions as in the A-B, A-D paradigm. Later 
Postman, Stark, and Fraser (1968) up- 
graded the significance of the nonspecific 
interference view and proposed that most 
interference in the RI design arises because 
the response terms of the first list are, as a 
class, suppressed, rather than because indi- 
vidual stimulus-response associations are 
extinguished. Their reasons for so con- 
cluding were based upon data of their own, 
as well as upon the utilization of the con- 
cept of the response selector mechanism as 
introduced by Underwood and Schulz : 
(1960). 

The present research represents a differ- 
ent form of attack on the list response and 
organization viewpoint. It approached the 
topic by means of a terminal 32-item free-- 
recall (FR) list which contained either the 
eight first-list responses or the eight second- 
list responses. The FR procedure was em- 
ployed because, by use of clustering mea- 
sures, one can obtain evidence that the * 
various individual words in the list are 
organized into a superordinate class. Thus, 
if the response class suppression view is 
correct, these response items would cluste 
in the FR protocol, having formed a class 
by virtue of their arbitrary assignment t 
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the PA list. Obviously one could not 
obtain this type of evidence by asking S 
— to recall the response items since he would 
tend to restrict the words omitted to those 
which he recognizes as the response item. 
If the editing were completely successful, 
and no extralist intrusions occurred, the 
cluster score would be perfect. More 
specifically, the embedded FR technique 
(EFR) was used to assay response avail- 
ability and list organization (via cluster 
scores) for both RI and PI (proactive 
interference) conditions at either 2 or 20 
min. after completion of interpolated learn- 
ing. The major thrust of the work was 
directed toward the RI condition, but the 
PI condition was run to broaden the overall 
picture. 


EXPERIMENT I 
Method 


Subjects. A total of 80 Ss fulfilling an introductory 
"psychology course requirement were used in the ex- 
periment, 20 in each group. They were assigned to 
groups in their order of appearance in the labora- 
tory. There was an approximately equal ratio of 
males to females in all groups. 

Materials. The materials employed in the experi- 
ment were high meaningfulness value two-digit 
numbers obtained from the Battig and Spera (1962) 
norms and one-syllable nouns from the Battig and 
Montague (1969) categories, with no 2 words taken 
from the same category. The numbers were the 
stimulus terms, and the nouns the response terms. 
A further stipulation for the choice of the words was 
that they be the highest frequency single-syllable 
~ item not exceeding six letters in length in the Battig 
and Montague norms. The two PA lists consisted 
of eight number-word pairs, and since an A-B, 
A-D design was employed there were 16 words and 
8 numbers used in the lists. The FR list consisted 
_ of 32 nouns: 8 experimental B or D items (depend- 
ing on the group) and 24 new unrelated words which 
were not previously used in this experimental con- 
text. These latter words were taken from other 
Battig and Montague categories. Unbeknownst to 
5s, 8 of the 24 new items were chosen by E to serve 
as control items. For half of the Ss these control 
items served as experimental B or D items, while 
the reverse was true for the other half. The object 
of this manipulation was to control for particular 
word biases, 

The experimental words were scattered randomly 
throughout the FR list, but did not appear next to 
each other or in the first three or last three serial 
positions. The control words were placed prior to 
. or after each response word in an effort to control 
- for position biases, To reemphasize, counterbalanc- 
. ing necessitated that the control words be experi- 
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mental items for half of the Ss and > 
addition, for half of the Ss the D 

as B responses and vice versa. Ariti 
served as a nonrehearsal task 
retention interval. All lists wer 
Lafayette memory drum. 


e versa; In 
ises served 3 
c problems 
> 20-min, 
nted on a 


Procedure. Following the usua! istructions 
for the anticipation method, Ss | d the A-B 
list to a criterion of 8/8 at a 2 te with a 
4-sec. intertrial interval. At th ipletion of 
List 1 learning, Ss were told th e to learn 
another list of the same general typ t were not 
told of its relationship to the fir Approxi- 


completion 
Fhe second 


mately 1 min. intervened betwee: 
of List 1 and the beginning of Lis 
list was presented for eight trials 


Either 2 or 20 min. subsequent t ight trials 


on List 2, Ss were given an FR list the 2-min. 
retention interval, the time wa: ted to a 
description of what they were exp: o doin the 7 
FR task, emphasis being placed alling the 4 
words in any order chosen by S. ntion was 
ever made of the fact that the PA») se items of 
either list would appear in the FK i: n addition, 
Ss were never directed to emphasiz ^ response 
terms as such during FR. The group en- 
gaged in an arithmetical task unti! ppropriate 
time for FR directions. 

The FR list was presented at a rate. The 
Ss received a minimum of 2 min. ! itten recall. 
A second study-test presentation u : a different 
word order followed the first FR st st trial, but 
only the results of the first test v. > presented 
in detail. 

Response measures. The depend ariables em- 
ployed in the experiment were : performance 
measures obtained from the FR : f either the 
first- or second-list response items vo measures 
of performance on the PA list rec, es were ob- 
tained, namely the total numbe: these items 
recalled (response recall) and their cluster score 
(response cluster score). It should be emphasized 
that any one S recieved 8 items c! only one list 


embedded in the 32-item FR list. Which items Were 
received depended on whether S was assigned to an 
RI group (first-list items) or a PI group (second-list 
items). j 

An additional point on the dependent variable is 
in order. It was mentioned earlier that eight itemi 
of the 32-word FR list were designated as contre 
items. The reason for introducing these dummy 
control words was to obtain a chance clustering 
score against which to compare the cluster e 
of the experimental words. By having these CON 
words serve as experimental words for half of the 
Ss and the reverse for the other half, any clustering 
due to chance relationship among particular wor "| 
in a list can be compensated for. Because the d 
periment was designed in this fashion the i. 
used in the analysis are the difference scores pen 
the control and experimental words calculated i 
each individual. The score is probably also USC 2 
in reducing the variance due to individual differenc 
in overall memory performance. 


SPON 


The cluster s 
epetition ratio 
Bousfield (1966 


— This measure c: 
- pendent of the i 


employed was a variant of the 
developed by Bousfield and 
cifically it was: RR = C/T — 1, 
number of clusters obtained 
ber of experimental or control 
4ll, and J refers to the total 
il or control words recalled. 
ze from 1.00 to 0.00 and is inde- 
number of items recalled. 


~ Results 

PA listin ning. The number of 
trials requi ; reach the 8/8 criterion 
in first-list ‘ng varied from 12.2 to 
T 144, but th ups did not differ signifi- 
cantly fron ; other (5 > .10) The 
5 number of « inticipations for second- 
list perfori: during the eight trials 
- varied from o 6.50 (F < 1.00). Thus 
- the groups tested to the second list 
did not per! juite as well on that task 
at the tern n of the PA training as 
did those ! tested to the first list. 
- What impa« difference on the PA task 
3 performance upon response recall in the 

t EFR paradi ; of course uncertain. 

à Response l. Table 1 presents the 
data for th oendent measures used in 
TABLE I 
Raw Scon: CALL AND CLUSTERING IN 
} NTS I AND II 

min. retention 20-min. retention 
interval interval 
Experiment 
Controt | Experi- | ci 
words | mental | CERIS 
Recall 
Experiment I | 
E 290 | 195 | 460 | L65 
Experiment i 45 2.30 4.40 1.80 
Uu 310 | 2.0 | 420 | 2.00 
ES 445 | 180 | 465 | 2.15 
ntrol 5.40 1.65 4.25 1.65 
1 > 
Cluster 
Experi 1 
RI ment | 
E 36 {Gi eens 10 
Experiment u 1 15 .35 17 
338 5 || Lo 
C 02 | 51 25 
Sero 54 108 50 19 
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, resulted in a significant trial effect, F (1, 76) 


RETENTION INTERVAL 


Ficure 1. The mean difference in the number 
of experimental and control words recalled on the 
first free-recall trial as a function of groups and 
retention intervals, 


the experiment with respect to the raw 
scores. The difference scores, the scores 
used in the statistical probability tests, are 
readily obtained from the table. The re- 
sponse recall performance resulted in the 
following significant effects: (a) group main 
effect, F (3, 76) = 4.33, p < .01; (b) trial 
main effect, F (1, 76) = 70, p < .01; and 
(c) Group X Retention Interval interac- 
tion, F (1, 76) = 5.89, p < .05. The trial 
main effect indicated a decrease in the 
difference between the recall of experi- 
mental and control words from the first to 
the second EFR trial. The recall perform- 
ance on the first EFR trial as a function of 
group and retention intervals is graphically 
portrayed in Figure 1. The Tukey A 
post hoc comparison tests indicated that 
the PI group surpassed the RI group at 
2 min., but that the two were essentially 
equivalent at 20 min. 
Response cluster score. 


Cluster analysis 


= 4.35, p < .05. Clustering performance 
decreased as a function of EFR trials. In | 
addition, a significant Group X Retention | 
Interval interaction, F (1, 76) — 6.20, 
P < .05, was found. The response cluster 


CLUSTER 


SCORE 


RETENTION INTERVAL 


FIGURE 2. The mean difference in cluster scores 
for experimental and control words on the first free- 
recall trial as a function of groups and retention 
intervals, 


scores for the first EFR trial are depicted 
in Figure 2. Subsequent post hoc Tukey 
A analysis indicated significantly greater 
cluster scores for PI than RI at a 2-min. 
retention interval. With a 20-min. delay, 
the reverse was found—response clustering 
was significantly greater for the RI group 
than for the PI group. 


Discussion 


Only a cursory discussion of the results will 
be made now; a more detailed discussion will 
follow Experiment II. The present results 
confirm a recovery effect for the response 
terms of the RI group as a function of time. 
During the same temporal interval the PI 
group showed a relative decrease in response 
recall. 

The significant point to note, however, is 
not merely that recall of the PA-list response 
terms varied as a function of retention interval 
and groups but that these response terms also 
clustered as a group, interacting with group 
and retention interval factors. These findings 
support the notion that the response terms in 
a PA list are organized and that this organiza- 
tional schema is broken up by interpolated 
. —D learning and recoverable with the pas- 
sage of time. 
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EXPERIMENT |? 


The second experiment : 
the same as the first one, b 
one additional group: a re 


; essentially 
so included 


Method 


Subjects. A total of 120 Ss fu 
tory psychology course requir: 
the experiment, 20 in each grou 

Materials. The materials us 
those of Experiment I, including 
counterbalancing procedures pr 

Procedure. The same procedu 
periment I was again utilized. T 
groups first learned A-B and A 
an FR list containing either ti 
response terms (the RI or PI e: 
Tn addition a rest control group 


an introduc- $ 
vere used in 


identical to 
appropriate $ 

described. 
toyed in Ex- 
xperimental 
followed by 
i or List 2 
spectively). & 
uded. This 


control group learned only on st prior to f 
receiving the EFR list: an A to an 8/8 
criterion followed by an FR lisi ining the B | 
response terms. All groups orthogonally: 


rvals, either 
rior to FR 


divided on the basis of two reten 
2 or 20 min. after PA learnin 
learning. 

Response measures. The two c 
were identical to those descri 
Again, all counterbalancing n 
employed were utilized. 


ff 


xperiment I. 
previously - ; 


Results 

PA-list learning. The nu::>er of trials f 
required to reach the 8/8 « on in first- 
list learning varied from 12.) ʻo 15.5, but 
the groups did not differ s antly from ff 
each other (p > .25). Tbe number of | 
correct anticipations for the second-list $ 


performance during the eight trials varied 
from 6.06 to 6.40 (F < 1.00) ^ 
Response recall. Analysis oí variance on 
the difference scores between the number 
of experimental vs. control words recall 
indicated: (a) a group main effect, F (2, 
114) = 19.6, p < .01; (b) a trial main effect 
F(1,114) = 11.6, p < .01; and (c) a Group 
X Retention Interval interaction, 4 
114) = 4.39, p < .05. Again, the at 
ence between recall of experimental an 
control words declined from the first 1 
the second EFR trial. The results for the 
first EFR trial are graphically portraye 
in Figure 3. The Tukey A post hoc Cod 
parison test indicated a replication of y 
results of Experiment I: at a 2-min. e. : 
tion interval, PI > RI; with a 20-mU^ t 


SPON’ 


the rest c 
superior to ti 
equivalent to 
- retention inter 
- sented in Fig 
| Response 
À 


; 
j 


trial effect, F 
indicated a de 
as a functio 
- portantly the 
interaction 
114) 2.9% 
cluster scor: 
Subsequent 
A tests in 
cluster score. 
group at a 
a 20-min. rei 
marginally ex 
- The clusteri 
control grou 
all groups a: 
- group at 20 n 


a TN NA 


| Discussion 


| 

It is clear | 
Present experi 
be referred ti 
Concerned oni: 
sponses, The 


: retention interv 


PI = RI. In addition, 
group was relatively 
group at 2 min., but 
PI group at a 20-min. 
These results are pre- 


scores. A significant 
i4) = 6.4, p < .05, again 
e in cluster performance 
EFR trials. Most im- 
ıp X Retention Interval 
gain significant, F (2, 
-05. The response 
: depicted in Figure 4. 
hoc comparison Tukey 
| significantly greater 

e PI group than the RI 

retention interval. At 
1 interval, the RI group 
«d the PI group (p < .10). 
erformance for the rest 
s relatively superior to 
iin. and equal to the RI 


= 


the technique used in the 
\ts, a technique which can 
‘embedded free recall,” is 
ith response recall, qua re- 
thod gives no information 


———— NE 
n 


20 


RETENTION INTERVAL 


Fig S 
exp URE 3. The mean difference in the number of 


erimental 

i and 

ae Íree-reca]] trial 
ention intervals, 


control words recalled on the 


as a function of groups and 
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4 mE EE 


“amram. REST CONTROL 
RI 


CLUSTER 


SCORE 


2 20 
RETENTION INTERVAL 


FIGURE 4. The mean difference in cluster scores 
for experimental and control words on the first 
free-recall trial as a function of groups and retention 
intervals. 


about stimulus and response relationships or 
associations. As such, the data of these ex- 
periments bear most directly upon the response 
suppression (Postman et al., 1968) interpreta- 
tion of RI and PI effects. 


GENERAL DISCUSSION 


Response recall. Both experiments showed 
an increment in recall of the first-list responses 
in the A-B, A-D paradigm as the retention 
interval increased from 2 to 20 min. In this 
respect, they parallel the findings of Postman 
et al. (1968) and of Kamman and Melton 
(1967). Both of these studies found a signifi- 
cant List 1 response recovery effect across 
time. Their technique of assessment and their 
time intervals were different from those em- 
ployed in the present experiment but the 
various experiments taken together add gen- 
erality to the conclusion that responses sub- 
jected to "extinction" in the A-B, A-D para- 
digm show an increase in recall with the pas- 
sage of time. A response suppression and 
inertia interpretation is quite appropriate to 
the present as well as past data. In verbal 
learning research, the “recovery” effect seems 
to operate upon the response component as 
opposed to the stimulus-response associations, 
for an associative matching test (a measure 
of association free of stimulus and response 
availability) shows little RI and hence extinc- 
tion effect (Postman et al., 1968). This seems 


to suggest that the spontaneous recovery of. 
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the classical conditioning field and the recovery 
of first-list responses in paired-associate learn- 
ing are two clearly separate phenomena. It 
"should be pointed out, however, that spon- 
- taneous recovery in classical conditioning is 
essentially an empirical phenomenon and has 
not attained the level of a theoretical con- 
struct. The authors know of no research 
which clearly indicates that the return of a 
conditioned response (CR) across time in 
classical conditioning is due to an increment 
in associative strength of the CR instead of 
increased availability of that response. It is 
conceivable that the greater number of ma- 
nipulations possible in verbal learning will aid 
in the theoretical interpretation of spontaneous 
recovery in classical conditioning. 

Cluster data, The present research and the 
use of the EFR method were intended pri- 
marily to deal with the question of whether 
the response items of a PA list tend to be 
organized into some kind of subjective whole. 
As stated earlier, the categorized FR technique 
- has been one of the major methods which 
has led to the modern emphasis on organiza- 
tion. It was for this, among other reasons, 
that the EFR procedure was devised. 

If one is willing to accept the clustering 
measure employed in this experiment as free 
from artifact, and the authors are aware of 
criticisms of almost any clustering measure 
(Shuell, 1969), it would seem that the response 
terms in a PA list tend to form a verbal class 
and are "organized" as a unit. This clustering 
effect is characteristic of both the List 1 (RI) 
and List 2 (PI) PA response members, although 
they show different courses over time. By 
clustering the authors mean, quite simply, that 
the words tend to be recalled adjacently. The 
rest control group of Experiment II clearly 
shows this forementioned response organiza- 
tional effect. That this is not a function or an 
artifact of the specific words used is assured 
by having half of the groups use one list and 


I half the other. 


It should be noted that recently Martin 
and Mackay (1970) and Petrich (1973) also 
examined the issue of response clustering in 
various interference paradigms and found no 
support for such an effect, The present 
authors feel that these studies are not relevant 
to the issue of response organization since 
they required simultaneous response recall of 
the two lists. The advantage of the present 
experimental design is that it allows for the 
isolation of response or, if one wished, stimulus 
recall per se in a new context, 


There are several principles which could 
be employed to account for ! 
(Koffka, 1935). One is c 
similarity; the embedded ite: 
show the common feature of ! 
in the PA lists, and thus sh 
frequency effect that the ot: 
FR list do not have. Anot! 
izing principle is that of ''co: 
1 responses in the A-B, A-D 
this principle for they all 
experienced extinction. 


* either list 
: been used 
situational 
rds in the 
talt organ- 
ate": List 
ligm reflect 
commonly 


CONCLUSION 


It is clear that the first-li 
dencies, as inferred by their 
in the EFR list, increased 
20-min. retention intervals; 
being that at the 2-min, recal! 
response members of a PA li 
The suppression, interestin 
the form of poor recall of th: 
poorer clustering. This cl: 
somewhat paradoxical in tha: 
is of the responses as a gro: 
recall of some items, the« 
clustered. The data seem t 
that list integration as well as 
ability is detrimentally effect 
polated A-D learning. 

It is quite difficult to accc 
in recall and clustering perf: 
RI group across the 18-min 
Postman et al. (1968) hypoth 


onse ten- 
frequency 
he 2- and 
nplication 
the List 1 
:ppressed. 
gh, takes! 
s, and also 
finding is 
uppression 
! there is a 
should be } 
t, however, 
inse avail- 
the inter- 


the change 
ice of the | 
n of time. 
a response 


suppressor mechanism which < ins an Im- 
ertia component. The suppres interpreta- 
tion is not difficult to conceptualize since it 
handles the data very well. The inertia: 
mechanism also handles the recovery data 
by assuming that the suppression effect wanes 


with time. However, it is difficult to 1m 
corporate this essentially physical concept into 
psychological terms, unless perhaps it is viewe 
as a form of negative set. ES 
A comment about the trends during Trial 2 
of the EFR tests is in order. In both expen 
ments the trend shown in the four figures were 
markedly reduced, although still present On 
the second trial. This is particularly tue 
for cluster score differences on the second EF y 
test. These results can be accounted for n [ 
the assumption that subjective organizationé | 
tendencies (Tulving, 1962) begin to dominate 
after the first FR trial. Additional. 
trials with computed subjective organization? 
measures would be necessary to test th 
assumption. 
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OBRA RIS TR 


balization. 


: Memory research has recently focused 
. considerable attention on the topic of di- 
- rected forgetting. Directed forgetting in- 
volves instructing Ss to forget a portion of 
a list of verbal items that have been previ- 
ously encoded, Several studies (e.g., Bjork, 
1970; Turvey & Wittlinger, 1969) have in- 
dicated that this technique acts to reduce 
= proactive interference, That is, recall of the 
to-be-remembered items is better following a 
cue to forget than when no cue is present, 
Bjork hypothesized that Ss categorize the 
stimulus items into to-be-forgotten and to- 
be-remembered (TBR) groups on the basis 
of the cue. After making this classification, 
Ss restrict further rehearsal or processing. 
to the TBR items, Bjork's theory of inten- 
tional forgetting, then, explains the cued 
forgetting effect in terms of an organiza- 
tional process and subsequent differential 
rehearsal. 
"Typically, only recall and recognition 
measures have been used in the study of 
directed forgetting. These measures cannot 
examine the temporal course of processing 
from stimulus presentation to response exe- 
cution, An intralist analysis of the infor- 
mation processing required during directed 
forgetting could provide insight into the 
ERST C 
* Requests for reprints should be sent to David 
Martin, Department of Psychology, Box 3452, 


New Mexico State Universi Las Ci 
Mexico 88003. REUS Crus, New 
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nature of the differential rei 
ganizational processes, 

A dual task technique has 
as a useful way in which to 


il and or- 


proposed 
informa- 


tion processing load. It is med that 
man has a limited capacity :« rocess in- 
formation. For a given task js capacity 
may be considered to be fixed, `a primary | 


»rocessing 
t of pro- 
is residual 
flected in 


task requires less than the t 
capacity, then a residual an 
cessing capacity must remain. 
Processing capacity (RPC) is 


the performance of a concurr secondary 
task. Secondary task perfon. ince, then, 
may be used to infer the amwunt of pro- 
cessing expended while perforining the pri- 


mary task, It is necessary, therefore, that 
the primary task be performed at a nearly 
optimal level, Johnston, Greeni» rg, Fisher, 
and Martin (1970), Martin (1970), and 
Martin, Marston, and Kelly (1973) have 
indicated that Secondary task performance - 
is a useful and sensitive index of the in- 
formation Processing load during memory: 

Several autonomic measures have also 
been proposed as valid indexes of informa- 
tion processing. Of these, the pupillary re- 
sponse has been most extensively studied. 
Pupil dilation has been shown to vary di- 
rectly with information processing load. 
Consequently, pupillary response has been 
used to monitor the temporal course of pro- 
cessing in a wide variety of tasks, such as 
mental arithmetic (Bradshaw, 1968), digit 
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Bormation (Kahneman, Peayler, & 
nuska, 1968), and word recall (Johnson, 
1). 


The experi 
D examine th 


reported here attempted 
cessing demands during 


le directed fory«iting operation and to per- 
it a comp: between pupillary re- 
sponse and sc.c« dary task performance as 


ution processing, An in- 
cognitive activity involved 
ing is intended to enable 
n of the component opera- 

the theory of intentional 


RIMENT I 


/five undergraduate students 
is Ss in order to earn extra 
ictory psychology course. The 
vere excluded from the analysis 
t the criterion of at least 80% 
mory task. The Ss were ran- 
4 to the cue relevant condition 
irrelevant condition. Each S 
vally in the experimental ses- 
' approximately 50 min, 
hannel of a stereophonic tape 
! the memory task material to 
headphones, The second chan- 
imulus light and timer for the 
ve (RT) task by using a Kodak 
! sound synchronizer, A sec- 
was used to record Ss’ verbal 
call, 


from one . 
failing to 
Drrect on th 
assigned, 
12 to th € 
cipated inc 


he stimulus material was con- 
ented to each S in a manner 
;escribed by Johnson (1971). 
` of five words were chosen from 


„of mono.;llable AA nouns as listed by 
ke and Lorge (1944). An attempt was 
lo minimize intralist word associations and 
With strong affective connotations, Fol- 


aural presentation of each list, S was in- 
Peed to recall the words serially, 
A background tone was heard by § during the 
mtation of cach of the five-word lists, This 
EWas recorded on the same channel as the words 
d Was of either high (3,200 Hz.) or low (320 
) frequency. During list presentation, the 
Was constant on half of the trials, On the 
lining trials, the tone changed after the first, 
4 » or fourth word. On half of the 
“ange trials the direction of the change was 
Mi high to low, while the direction was reversed 
other half of the trials, No-tone-change 
lone-change trials were randomized. within 
quarter. of the experimental session. 
faction time task. In addition to the memory 
A secondary simple RT task was performed 
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concurrently. The RT task consisted of a stimulus — 
light that remained on until S responded by press- 
ing a button with his preferred thumb. The stim- 
ulus light was a 6-w. red jewel lamp 2,5 cm. in r 
diameter with an intensity of 2.3 ftL., located ap- 
proximately 2.5 m. in front of S. Five probe 
points, spaced 2 sec, apart, were used to monitor i 
processing within each of the two stages of the ; 
memory task. Of the 10 possible probe points, — 
Ss were presented with 5 probes per trial, either 
2 or 3 during presentation and 2 or 3 during re- 
call. These were arranged so that all 10 points 
were probed twice in four trials. 

One "RT only" trial was randomly placed 
within each quarter of the experimental session. 
This enabled the baselevel RT to be determined 
for each S. No words were presented on these 
trials, but they were otherwise identical to the 
experimental trials; On these trials, Ss were in- 
Structed to direct full attention to the RT task. 

Procedure, Each S read a set of instructions 
which explained the serial recall memory task and 
the RT task. It was emphasized that the memory 
task was of greater importance than the RT task, 
which should use only residual effort, The in. 
structions also established either the cue relevant 
or the cue irrelevant condition by attaching dif- 
ferential significance to the tone changes. The Ss 
in the cue relevant group were told that tone 
changes would occur on some trials and that a 
tone change was a cue to forget all the words 
preceding the change in tone. That is, only the 
words following the tone change were to be re- 
called. Although the cue irrelevant S's were also 
told that tone changes would occur, no significance 
was attached to these changes. These Ss were 
instructed to ignore these tones as irrelevant to 
their task. 

Each S received 8 practice trials before starting — 
the 36-trial experimental session, The practice 
trials were structurally identical to the experimen- 
tal trials, 

Each trial began with a statement denoting its 
onset, followed by a 6-sec. ready period, The five - 
nouns were then presented at 6, 8, 10, 12, and 
14 sec, into the trial At 18 sec. S heard the 
word "recall" The S could then recall the TBR 
words at his own pace until hearing the instruc- 
tion “rest” at 30 sec. The intertrial interval 
lasted 30 sec, The background tone was heard 
only while the words were being presented. On 
those trials in which the tone change signaled S 
to forget the prior words this change occurred at 
7, 9, 11, 13, or 15 sec. The RT probes could 
occur during list presentation at 6.5, 8.5, 10.5, 12.5, 
or 14.5 sec, and during recall at 20,5, 22.5, 24.5, 
26.5, or 28.5 sec. Trials 18 and 19 were sepa- 
rated by a short midsession break. 


Results and Discussion 


The mean percentage of words correctly 
recalled was 97.08% in the cue relevant con- 3 
dition and 93.54% in the cue irrelevant .. 
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condition. The somewhat superior recall in 
the cue relevant condition may be attributed 
to the smaller average memory load, ie., 
3.75 words as compared with 5.00 words, 
due to the instruction to forget. Appar- 
ently Ss were willing to devote sufficient 
processing capacity to the memory task in 
order to perform at a nearly optimal level. 
In order to reduce the variability of RTs 
due to differences in baselevel performance 
between Ss, the deviations from median 
baselevel RT in each condition and probe 
point were calculated and used as the basic 
data for each S. The baselevel RTs were 
essentially flat across intervals and stages, 
except for the first interval of the presenta- 
tion stage, which was approximately 30 
msec. longer, This effect was probably due 
to expectancy, but is small in comparison to 
the major effects of interest. Separate anal- 
yses of variance were conducted for the 
tone-change and no-tone-change trials, 
f- A significant Memory Stage X Probe 
Point interaction was found in both anal- 
yses: no tone change, F (4, 88) —9.37, 
b €.01; tone change, F (4, 88) 26.67, p 
X 01. This interaction reflects the general 
increase in RT during encoding and the 
subsequent decrease during recall This 
relationship is to be expected in view of the 
increasing processing demands during list 


=~ 3007 


m 

a 

o 
-o 


200 4 P \ 


DEVIATION FROM MEAN BASELEVEL RT (in msec. 


04+ — 
[Sst ULP Neo EY is 
ENCODING RECALL 
Fic 1. Deviation from mean baselevel reac- 


tion time (RT) for cue relevant and cue irrele- 
vant groups during no-tone-change trials, 


DEVIATION FROM MEAN BASELEVEL RT (in msec) 


DAVID W. MARTIN AND RICHARD T. KELLY 


O- -O CUE IRRELEVANT 
1€ —9 CUE RELEVANT 


2004 Q 
| ook | R | & & 
e/ V à d Yo 
100 4 ione ^ 
|o ON Ss 
« 

o ns T—-—T—-T vm TTT 
12345 12345 ! 12345 
ENCODING RECALL RECALL 

Figure 2. Deviation from mea slevel reac-- 
tion time (RT) for cue relevant cue irrele- 
vant groups during tone-change | (The cue 
irrelevant group always had fi rds to recall, 
The cue relevant group had a ; number of 
words—one, two, three, or four nding upon 
the location of the cue to forget, ited by the, 
arrow in each graph.) 
presentation and the consequc::: ‘eduction in 
expended processing capacity the list is 
recalled. 

Figure 1 shows the similarity in second- 
ary task performance between ire cue rele- 
vant and cue irrelevant gr in the con- 
dition in which no cue was present. An 
analysis of variance confirmed the main 
effect of groups and all interactions with 


groups were nonsignificant. The processing 
required of these groups would be expected 
to be similar, as both are performing essem 
tially the same task. 

Figure 2 presents the mean deviations 
from baselevel RT for the cue relevant ani 
cue irrelevant groups in which a cue was 
present. As would be expected, the ptt 
formance of the cue irrelevant group dif 
fers little between conditions. These 5s 
were processing five words at all times 
However, the RTs of the cue relevant grou? 
reflect the corresponding reductions ™ 
memory load cued by the tone changes. 
significant Memory Load x Memory Stage 
interaction, F (3, 66) = 4.64, p < 01, indi 


location of the available 
ity was effectively altered 
forget. A Newman-Keuls 
teraction indicates that the 
ations for the recall stages 
an for the encoding stages 
the exception of the four- 
The Ss with fewer words 
ntly finished recalling more 
‘an to approach baselevel RT 
int in the recall stage. 
strikingly similar to those 
on (1971), in which pupil- 
were used. In addition to a 
vease in dilation during en- 
crease during recall, Johnson 
: to forget a portion of the 
was followed by a momen- 
d a subsequent constriction 
Chus, it was concluded that 
s related to the information 
In a somewhat different 
1, Beatty, and Pollack (1967) 
the correspondence between 
mse and secondary task per- 
dexes of information process- 


Focessing ca 
the cue 


an earlic 


: These da 


ere are two consistent differ- 
^ the pupillary response and the 
performance data. First, 
pupil dilation immediately 
cue to forget a portion of the 
ial. Although it has been 
ed that apparent decrease in the 
Cis due to the necessity for Ss to process 
cue itself, it must be noted that no indi- 
h a reduction in RPC is present 
task performance data. A 
ond, and perhaps more critical, difference 
hat the pupillary responses are of con- 
ently greater relative magnitude for the 
Stage than the secondary RT data. 
S discrepancy may indicate that the pupil 


Ponse is confounded with response execu- 
effects, 


nD 


Experiment II 


Second experiment was conducted in 
«T to replicate the major findings of Ex- 
= ment I and to examine secondary task 

Ormance for the presence of response 
facts. Several studies (e.g., Kahneman 
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et al, 1968) have reported the additional 

dilation of the pupil during response execu- 

tion, particularly during verbalization. No 
direct evidence is available as to whether or 

not secondary task performance is influenced 

by verbalization. Thus, Experiment II was 

designed to evaluate the effect of verbaliza- 

tion on the secondary RT task. 


Method 


Fifteen undergraduates participated. individually 
in the experimental session, which lasted approx- 
imately 90 min. The data from four Ss were not. 
used, since the performance criterion of at least 
85% correct recall and fewer than three proactive 
intrusions was not achieved. 

The procedure was essentially the same as de- 
scribed in Experiment I, The primary difference 
was the addition of another memory stage which 
followed the encoding stage. In this intermediate 
stage, Ss were given a verbal instruction either 
to retain the relevant words without verbalizing or 
to recall the relevant words. Hence, on half of the 
trials Ss would hear a list of words, retain them 
for 10 sec., and then recall the words. On the. 
other trials Ss would hear the list of words, recall 
the list of words, and then recall the words again, 
In this way, the second stage permitted a within-S 
variation of verbalization. ; 2 

The only other alterations in methodology were ir 
the elimination of the cue irrelevant condition and 3 
of the four- and two-word conditions. These con- - 
ditions were eliminated to allow an increase in the — 
number of repeated measures within each cell to 4, 
Thus, with 11 Ss there were a total of 44 observa- 
tions per cell. 


Resulls and. Discussion 


The mean percentage of words correctly - 
recalled in this experiment was 97.08%. This 
level of performance is comparable to that 
reported in Experiment I. y 

Figure 3 presents the mean deviations. 
from baselevel RT as a function of probe 
position for each level of task complexity 
Baselevel RTs were essentially flat across 
all intervals and stages. As in Experiment 3 
I, there was a significant Memory Stages X 
Probe Position interaction, F (8, 80)— . 
7.58, p < .01. This interaction indicates th 
there was a general increase in RT duri 
encoding, and a decrease during both of t 
final stages. The significant effect of the c 
to forget on RT was also replicated in this ~ 
experiment, F (2, 20) = 19.98, p < 01. It 
appears that the cue to forget has a reliable ` 


TU NIA 
T An 


a 
o 


m 
a 


100 


^ 
a 


a 
o 


DEVIATION FROM MEAN BASELEVEL RT (in msec.) 
m 
o 


o 


V eii md 29 | 
ENCODING 


] Fiume 3. Deviation from mean baselevel reaction time (RT) as a func 
b tion of the number of words to be recalled. (Arrows indicate the locatio: 
i of the cue to forget. Data are averaged across trials in which Ss retained 
or recalled during the second stage.) 


effect on memory, and that the secondary 
task performance measure is sensitive to it. 
_ The effect of verbalization did not ap- 
- proach significance, F (2, 20) = 1.79. There 
was no difference in RT performance during 
the second stage of a trial, regardless of 
_ whether S was retaining or actively recalling. 
Contrary to the results of studies using 
5 upillary response, apparently verbalization 
does not influence secondary task perform- 
ance. 

_ It is somewhat surprising that the decrease 
in deviation RT was as great when the Ss 
were retaining as when they were recalling. 
-Yet these results are consistent with other 
_ experiments reporting decreases in RT dur- 
ing retention (Martin et al., 1973, Stanners, 
Meunier, & Headley, 1969). The Ss are 
apparently increasing the efficiency with 
which they rehearse the words in memory. 
In fact, the decrease during the second stage 
for the trials in which Ss were recalling 
could not be considered an “unloading” ef- 
fect in the same sense that it is in the third 
stage, since the same words had to be re- 
-called again later in the trial. Whether the 
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Ss are covertly rehearsing in the 
dition, or overtly rehearsing in 
condition, the rehearsal seems : 
the amount of processing requi: 
the words. 


GENERAL DiISCUSSIO! 


The results of the two experiments 
that secondary task performance 
valid index of information processing load dur- 
ing directed forgetting. When no cus to forget 
occurred, RT reflected the loading and unload- 
ing of the primary memory task. When a cue 
to forget was given during presentation, this 
was consistently followed by a decrease in RT. 
Apparently the information processing load is 
rapidly attenuated following cue presentation. 
The RT performance also tracked the process: 
ing requirements during recall: the fewer TBR 
words, the better the secondary task RT per- 
formance. This result indicates that the items 
recalled were being retrieved from a smaller 
memory set, namely, the TBR items. How- 
ever, a possible confounding effect was present. 
in Experiment I. Not only was the requir 
memory set smaller when a cue was given, but 
so was the number of overt verbalizations. Foti 
this reason Experiment II compared secondary 
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: during retention followed by 


recall followed by a second 
only difference between these 
rbalization required by the 
difference in RT perform- 
wing the second stage of the 


hus, the RT differences found 


getting must be attributed 
TBR items being processed. 
e quite similar to those ob- 


pupillary response, Although, 


task measures, the pupillary 
n found to include response 
, both measures appear to 
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d. 


EFERENCES 


ive forgetting: The non-inter- 
intentionally forgotten. Jour- 
arning and Verbal Behavior, 


Pupil size and problem solving. 


l of Experimental Psychology, 


villary responses during a short- 
: Cognitive processing, arousal, 


ol of Experimental Psychology, 
Greenberg, S. N., Fisher, R. P., 


& Martin, D. W. Divided attention: A vehicle 
for monitoring memory processes. 
Experimental Psychology, 1970, 83, 164-171. 

Kahneman, D., Beatty, J., & Pollack, I. Perceptual 
deficit during a mental task. Science, 1967, 157, 
218-219. 

Kahneman, D., Peavler, W. S., & Onuska, L. Ef- 
fects of verbalization and incentive on the pupil 
response to mental activity. Canadian Journal of 
Psychology, 1968, 22, 186-196. 

Martin, D. W, Residual processing capacity dur- 
ing verbal organization in memory. Journal of 
Verbal Learning and Verbal Behavior, 1970, 9, 
391-397. 

Martin, D. W., Marston, P. T. & Kelly, R. T. 
Measurement of organizational processes within 
memory stages. Journal of Experimental Psy- 
chology, 1973, 98, 387-395. 

Stanners, R. F., Meunier, G. F., & Headley, D. B, 
Reaction time as an index of rehearsal in short- 
term memory. Journal of Experimental Psy- 
chology, 1969, 82, 566-570. 

Thorndike, E. L, & Lorge, I, The teacher's 
wordbook of 30,000 words. New York: Colum- 
bia University, Teachers College, Bureau of Pub- 
lications, 1944. 

Turvey, M. T., & Wittlinger, R. P. Attenuation 
of proactive interference in short-term memory 
as a function of cueing to forget. Journal of 
Experimental Psychology, 1969, 80, 295-298, 


(Received February 4, 1974) 


DIRECTED FORGETTING 1079 


Journal of 


SPP TA NNI 


Se Cy en 


Thirty-two pigeons were trained to peck a 555-nm. stimulus and then we: 
The birds then received either di. 
crimination training with 555 nm. (reinforced) and a white vertical ! 
(extinguished) (n=12), one of two types of nondifferential training | it 
the above two stimuli (1 — 6 in each), or continued single-stimulus trai 
(n=8). A second generalization test suggested that the intervening di 


tested for wavelength generalization. 


testing procedure. 


E Switalski, Lyons, and Thomas (1966) re- 
ported a study in which two groups of 
— pigeons were tested for wavelength general- 
ization twice : first after single-stimulus (SS) 
variable interval (VI) training with a green 
‘key, and later following “interdimensional” 
training in which the green stimulus was 
randomly alternated with a white vertical 
line on a dark surround. For both groups 
- the green continued to signify VI 1-min. re- 
inforcement. For one of these, the discrimi- 
- nation (D) group, the line signified extinc- 
- tion whereas for the other, the nondifferential 
(ND) group, it signaled a second VI 1-min. 
a schedule. The second generalization test 
- suggested that D training had sharpened the 
- wavelength gradient in comparison with that 
_ obtained on the first test, whereas ND train- 
- ing had flattened it. It is important to note, 
however, that the Switalski et al. study 
- lacked an important control group, i.e., one 
which experienced only continued SS train- 
ing between the two generalization tests. If 


1This research was supported by National In- 
- stitutes of Health Research Grant HD-03486 and 
Training Grant MH-10427 under the direction of 
David R. Thomas. 

2 Requests for reprints should be sent to David 
R. Thomas, Department of Psychology, University 
of Colorado, Boulder, Colorado 80302. 
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the repeated testing experienc se sharp- 
ened generalization in this gw then the 
sharpening effect ascribed | training 
might have been a testing a If the 
gradient in this control grou; re flatter 
than on Test 1, the flattening c^ =t ascribed 
to ND training would be : ly inter- 
preted. Although it is clear t repeated 


inted for 
iski et al. 
tributed 
y was thus 


testing effect could not have 
both D and ND effects in the S 
study, it could have produced 

to one of them. The present stu 
primarily a replication of the Switalski et al. 
experiment with this additional rol group 
included. It had a secondary objective as 
well, however. 

Honig (1969) has suggested that the most 
appropriate nondifferential reinforcement 
procedure to use in the investigation of D- 
ND effects is one called “pseudodiscrimma- 
tion” (PD). With PD training, the tw? i 
training stimuli are randomly alternated am 
each is associated with the same reinforce- 
ment schedule, however, the reinforcement 
patterning and density is similar to that un- 
der D training. This is accomplished by 
having the reinforcement programmer oper- 
ating on a randomly selected half of the 
presentations of each stimulus, with extinc 
tion programmed during the other half. 


zh 


INTER 


-. Consider, however, the experimental pro- 
cedure in which 5s are first given SS train- 


ing and then witched to D or PD condi- 
tion. The 3 ^ density of VI reinforce- 
ment, pooled stimuli, is equivalent for 
BD and PD traicing. In both cases, it is 
"typically one-^- ` the density used in SS 
training. In raining the reinforcement 


ence of S+ (the positive 
ame as it was in SS train- 
forcement density in S— 
nulus) is zero. Assuming 
cinforcement density is that 
i the S+ value, then an un- 
between gradients based 
ditions can be made, In 
ver, a reduction of rein- 
occurs in the presence of 
lus then tested for general- 


- density in the 
stimulus) is ti 
Ling, whereas 
(the negativ: 
that the relev: 
in the presen: 
biased compa 
on D and S 
PD training, 

- forcement di 

- the training s: 


ization. Bot! ber and Kalish (1963) and 
Hearst, Kor and Poppen (1964) have 
reported tha neralization slope in SS 


'sitively with VI reinforce- 
this principle applies to the 
cement available in a given 


training varic 
ment density. 
density of rei 


component of - :nultiple schedule, then any 
obtained flati- "ug of generalization by PD 
training, relat’ to either a D or an SS con- 


: an artifact of reduced rein- 
forcement de Furthermore, this argu- 
ment would « »ly to both within-Ss and 
between-grou; lesigns, where the density 
of reinforcement in the S+ for the D group 
18 usually matciied to that prevailing in the 
SS group. 

Tn view of the wide popularity of the PD 
Procedure since Honig (1969) first intro- 
- duced it, it seems desirable to ascertain em- 
.Pirically whether the reduction in reinforce- 
Ment density typical of this procedure con- 

tributes measurably to the flattening of 
- generalization slope. If so, PD training 
should flatten generalization more than other- 
_ “ise comparable ND training. The present 
| Study contained a direct comparison of these 


two Procedures in order to test this hy- 
pothesis, 


dition, might : 


METHOD 
Subj A E € 
Een Thirty-two experimentally naive do- 
Pigeons were maintained at approximately 


k 75% of th 


E 


eir free-feeding weights. 
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Apparatus. Four single-key pigeon chambers 
were used. Each contained a 2.22-cm. diameter 
translucent response key transilluminated by an 
Industrial Electronics inline display cell which 
projected a .32-cm. white vertical line (the diam- 
eter of the key) on a black background and five 
colors with peak wavelengths at 501, 538, 555, 576, 
and 606 nm., as produced by Kodak Wratten filters 
No. 65, 74, 99, 73, and 72B, respectively. Projector 
light sources consisted of General Electric miniature 
light bulbs (#1815) at 200 ma. The only illumina- 
tion in the experimental chambers was provided by 
the response keys and the food hopper lights during 
magazine cycles. A white noise generator and the 
exhaust fan provided masking noise in the cham- 
bers at all times. Associated automatic scheduling 
and recording equipment was located in an adjoin- 
ing room. Throughout the experiment the rein- 
forcer used was 3 sec. of access to a tray of mixed 
grain. 

Procedure. On the first day, all pigeons were 
shaped to key peck and then reinforced according 
to a VI 12-sec. schedule until 50 reinforcers were 
delivered. During the next 3 days the mean inter- 
reinforcement interval was gradually lengthened 
until a VI l-min.? schedule was in effect. During 
this training, the key was always illuminated by 
a 555-nm. light source. From this point on in the 
study training sessions lasted for 30 min, 

Stage 1. All Ss were given 14 sessions of (SS) 
VI 1-min. training with the 555-nm. stimulus. On 
the 15th day, each S was given a generalization test 
in extinction following a 10-min. “warm-up” period 
of training under the condition previously noted. 
The test consisted of the presentation of nine ran- 
domly permuted blocks of the 501-, 538-, 555-, 576-, 
and 606-nm. stimuli. Each stimulus was presented 
for 60 sec. No blackouts were used in any stage 
of the experiment. 

Stage 2. The Ss were divided into four groups 
matched on the basis of their Stage 1 performance. 
One of these groups (n= 12) was given discrimina- 
tion training between 555 nm. (S+) and the ver- 
tical white line on the black background (S—). 
A VI 1-min. reinforcement schedule was always 
associated with S+, and S— always signified ex- 
tinction. Two groups were subjected to two types 
of nondifferential training with the same stimulus 
values. One group (5-6) was given pseudodis- 
crimination training where reinforcement pattern- 
ing and density was similar to that programmed 
for the D group. For these subjects, VI 1-min. 
reinforcement was associated with one half of the — 
presentations of each stimulus, determined ran- 
domly, The other group (n=6) was given non- 
differential training with the same two stimulus 
values such that both the 555-nm. stimulus and the 
vertical line were correlated with independent VI 
l-min. schedules of reinforcement. In the D, PD, 


3 A constant probability of reinforcement per op- - 
portunity variable interval schedule was used (cf. — 
Catania and Reynolds, 1968, p. 381). 


and ND groups, the two stimuli were presented in 
a quasi-random sequence with a cycle length of 3 
min. with the stipulation that no more than two 
similar stimulus and/or reinforcement combinations 


Table 1 presents the mean 
eralization gradients (and 


standard deviations) obtains: 


ompanying 
m each 


occurred consecutively. A reinforcement scheduled group in each stage of the ex: nt. The 
but not collected within a 3-min. period was can- mean slope score associated \ ach group 
peed at the a E that Leads final e = T (and accompanying standard 
n; S - a = 
E s of D, PD, ND, ad SS NAE peapomp arentheses. These s Score 
were given in Stage 2. On the next day, after a based on the individual relatis dients and 
10-min. warm-up under the appropriate training thus are not derivable from th: solute data 
condition, a generalization test was conducted in presented. Note in Table the four 
the same manner as in Stage 1. groups were well matched i: is of their 
slope scores on Test 1, r: om a low 
E Resurts AND DISCUSSION mean of 39.83 in the ND gr a high of 
— Stage 1. As is typical in free operant ex- 41.90 in the SS group ( In the 
periments of this sort, there was a wide range Switalski et al. (1966) stud ' and ND 
of response rates in SS training. Over the groups had been run at diff times and 
last 3 days of Stage 1 SS training the Ss thus could not be matched. D group ; 
averaged 53.91 responses per minute (range, had substantially higher slop s in Test 
13.07-114.71). Of primary interest, of 1 than did their ND gro: e "Test T 
course, are the generalization gradients. Tt performance was comparab! iat of the 
is common practice in operant free response four groups in this study may have 
generalization studies to analyze generaliza- resulted in an attenuation o‘ nagnitude 
tion data in relative terms, e.g., percentage of the sharpening of gener: n by dis- 
of total responses emitted to the different test crimination training which ti: ported. 
stimuli (cf, Thomas, Freeman, Svinicki, Stage 2: D training. Eac the Ss in 
= Burr, & Lyons, 1970), This method of the D group acquired th imination, 
; analysis was used here, although absolute increasing response rate to S- ve Stage 
gradients are also presented. The percent- 1 levels and decreasing respo te to S= 
. age of total responses emitted to the 555-nm. For each S a discrimination | was com- 
value (slope score) was used as the index puted, which was the percent f total re- 
of gradient slope in all statistical analyses. sponses emitted to the 555-1 3+ value. d 
TABLE 1 
MEAN ABSOLUTE GENERALIZATION GRADIENTS AND STANDARD DEVIATIONS TOR 
EACH GROUP IN EACH STAGE OF THE EXPERIMENT 
T 
Group wavelength tin nm.) DB (in n.) 
; 501 538 555 576 606 501 538 555 576 606. 
Sie) (n — 12) si 2 
19108 | 380.25 4450 | 112.33 | 69.08 | 57.75 | 403.75 | 577.17 5,00 
SD 188.04 | 187.97 | 243.16 | 106.79 | 81.77 | ss.s7 | 173.03 | i197 5.57 
Group PD (n = 6) (625) (14.76) 
M 22467 | 402.67 63817 | 164.17 | 158.33 | 255.00 | 446.83 | sos.o0 | 223.83 | 17433 
SD 187.36 | 255.91 | 437.67 | 153.11 | 246.61 | 244.86 | 309.06 | 415.07 | 252.81 | 25655 
Group ND (n = 6) @71) (7197) 
M 109.50 | 220.67 461-67, | 165.33 | 6283 | 204.17 | 320.00 | 415.67 | 221.67 | 147.38 
SD 78.83 | 188.64 D 115.96 | 38.70 | 97.90 | 178.41 | {05:09 | 120.34 | 14051 
Group SS (n = 8) (8.95) 
d 197.50 | 522.50 A 135.25 | 56.75 | 239.00 | 49025 | 560.63 | 95.13 | 2943 
5D 18846 | 245.96 X455 146.53 | 57.28 | 220.38 | 190.01 | 42329 | 108.21 | 2045 
i (6.57) 


ag Nole. The numbers in parentheses indi 
‘slope score," and its standard deviation, 


cate mean percentage of total responses emitted to the 555-nm. stimulus, ie, tH 


3 
i 
f 
increased fr: 


Lin the PD 
the 555-nm. value than to the novel vertical 


INT 


50i 


unE 1. 


ng: SS 
td). 


T On the last f Stage 2 D training, the 
group mea: cse individual discrimina- 
tion indice: 89.94% (range, 71.27%- 

- 99.3696) . S exposed to D training 

yielded a si Test 2 gradient than they 
had after S' ining. The difference in 

“slope scores =s significant, t (11) = 6.92, 
P< .01. 1T onfirms the results of the 
Switalski et (1966) study, suggesting 
that interdi ional D training enhances 


stimulus con relative to prior SS train- 


ing. The ening of generalization by 
D training so illustrated in the mean 
relative gener:.\ization gradients presented in 
Figure 1, Pane! a, The mean slope score 


0.2296 to 55.41%. The 


1 
i 
i 


magnitude oí :his effect is approximately 
twice that reported by Switalski et al., sup- 
porting the speculation. regarding the pos- 
sibility of an aitenuation of the sharpening 
of generaliz by D training observed in 
their experin $ 

Stage 2: PD training. Although the Ss 


group initially responded more to 


line, by the last day of Stage 2 training they 


} emitted a mean of 53.52% of their responses 
to the 555-nm. value, which is not signifi- 


| wd different from chance (t < 1). Five 
. 9: the Ss given PD training in Stage 2 


yielded. a flatter gradient than they had after 
S training; one S$ (K11) did not. There 
E. Dothing in the PD training performance 
this S to differentiate it from the others, 


- 8nd although the SS gradient of K11 was 


- qui 


te flat, the SS gradient of K1 was even 
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Test 1 and Test 2 relative generalization gradients obtained 
and D training (Panel a), SS and PD training (Panel b), 
id ND training (Panel c), and SS and additional SS training 


flatter, yet it showed substantial further flat- 
tening in Stage 2. The flattening of gen- 
eralization by PD training is also illustrated 
in the mean relative generalization gradients 
presented in Figure 1, Panel b. The mean 
slope score decreased from 40.90% to 
344596. Although the data are not as con- 
vincing as for the case of D training, it is 
reasonable to conclude on the basis of the 
performance of five of the six Ss that inter- 
dimensional PD training usually decreases 
stimulus control. 

Stage 2: ND training. The performance 
of the ND group in Stage 2 training was in- 
distinguishable from that of the PD group 
previously described. By their last day of 
Stage 2 training these Ss gave 53.91% of 
their responses to the 555-nm. value (t < 1). 
ND training in Stage 2 also produced test 


' results very comparable to those resulting 


from PD training. Again, five of the six Ss 
yielded a gradient flatter than the one ob- 
tained following SS training. The flattening 
of generalization by ND training is illus- 
trated in the mean relative generalization 
gradients presented in Figure 1, Panel c. - 
The mean slope score decreased from 39.83% 
to 33.80%. 4 

One major purpose of the present study — 
was to compare the magnitude of flattening n 
of generalization produced by PD and ND - 
manipulations. The group mean Test 2 
generalization slope scores of these two 
groups were 34.45% and 33.8076, respec- 
tively. A test comparing the Test 1 minus. 
Test 2 generalization slope difference E 


of these two groups indicated no significant 
difference (f < 1). 

Because both PD and ND are forms of 
nondifferential training which appear to pro- 
duce equivalent performance in training and 
— in generalization testing, it was decided to 

pool these two.groups for statistical analysis. 

For the combined nondifferential group the 
. flattening of the gradient from Stage 1 to 
Stage 2 was statistically reliable, t (11) = 
2.71, p « 05. This replicates the finding of 
- Switalski et al. (1966) (based only on ND 
training) and suggests the conclusions that : 
(a) Nondifferential training flattens gen- 
-eralization gradients, and (b) this effect is 
not attributable to a reduction of reinforce- 
ment density in the presence of the training 
stimulus, 

It is important to note that the magnitude 
of the flattening effect of nondifferential 
- training obtained in this study was approxi- 
mately comparable to that reported by Swi- 
= talski et al. (1966). The results thus sug- 

gest that the sharpening of generalization by 
_D training is a more robust effect than is” 
the flattening of generalization by nondif- 
ferential training. A direct statistical com- 
parison of the magnitude of change in slope 
scores between tests for the D group vs. the 
pooled nondifferential group yields: t (22) 
= 2,43, p<.05. This difference is consist- 
ent with the literature which contains far 
more reports of reliable D effects than non- 
differential training effects on generalization. 

Stage 2: SS training. The remaining 
purpose of the present experiment was to 
ascertain whether either the sharpening of 
generalization following D training or the 
flattening of generalization following non- 
differential training is a consequence of the 
repeated testing procedure. The data indi- 
cated no consistent pattern of changes in 
_ the generalization slope scores of the SS 

group from Test 1 to Test 2. Four of the 

Ss showed an increase and four a decrease. 
= Note in Figure 1, panel d that the Test 1 
and Test 2 mean relative generalization 
gradients of the SS group are virtually 
"identical. The mean slope scores were 
41.9076 and 41.2296 for Tests 1 and 2, re- 
spectively. Thus the observed changes in 


the other 
to the ef- . 
d not toa Ẹ 


generalization slope reported fo 
three groups must be attrib: 
fects of the intervening trainin. 
repeated testing artifact, 


GENERAL Discus 


Lyons (1969) has demonst: 
dimensional D training sharpe: 
gradients and recent studies b: 
and Hansen (1972) and Ton: 
Thomas (1973) have reported 
generalization by interdimens: 
ing. These studies used betw 
signs and thus were not subje 
testing criticism. A principal 
the present study is, therefore 
ing the within-Ss testing pr 
study of stimulus control, The 
provided by this procedure is 
tial, however. Subsequent to 
of the present study, Ton 
Thomas (1974), using a w“ 
have reported an effect of sti 
in discrimination training wh 
siderable theoretical interest :« 
a previous between-groups 
failed to reveal it. 

A second and more substan: 
of the present study may be i 
the PD training procedure. 
the literature (cf. Thomas et 
reported that generalization gr^ 
ing PD training are flatter tha: 
ing D training. Thomas (1970 
preted this difference as reflec: 
in the level of a state of "general 
which is thought to be heightenec 
ing and lessened by PD traini 
Mackintosh (1972) have propo 
attentional interpretation of this : 
No one, however, has previously considered 
the possibility that the difference in question 
may be a consequence of variations in rein- 
forcement density, In the present study the 
ND and PD conditions differed in reinforce- 
ment density yet their effect on generalization | 
slope was comparable. This is incompatible Ea 
with one nonattentional interpretation of the 
aforementioned PD and D generalization slope 
differences (i.e, that based on reinforcement 
density) and suggests that some sort of atten 
tional account may indeed be appropriate. 

Turner and Mackintosh (1972) have pr i 
posed that differences between D (which they 
call TD or true discrimination) and ND (9 


t inter- 
lization f 
as, Miller, | 
ivitt, and 
tening of 
JD train- 
roups de- 
> repeated 
ibution of 
f validat- 
for the P 
ial power Je 
^nsequen- 
»mpletion 
vitt, and 
design, | 
similarity 
of con- 
subtle that P 
nent had | 


ntribution 
lation of 
studies in 
70) have 
its. follow- 
se follow- 
has inter- 
variations 
tentiveness" 
y D train- J 
Turner and 


4 


o —nÀ M 


- differential 
- evidence 


PD) traini 


contain impo 


ing, control rc 


- displaying s 


-intosh sugges 


ted in the literature may 
' postulating a trading re- 
-ontrol of operant behavior 
¿nd exteroceptive stimuli. 
“free operant situations 
but uncontrolled irrelevant 
s suppressed by TD train- 
ding of PD Ss and prevent 
int stimuli (those studied 
7) from either acquiring or 
iial control [Turner and 
p. 7] Turner and Mack- 
these uncontrolled, irrele- 
ponse-produced propriocep- 


d 


lationship bet:- 
by interocep!: 
They mainte 

stimuli, which 


less salient 
by the experi: 


Mackintosh, | 


vant stimuli 


tive cues a ! with prior free operant 
responding. 

It should -d that this interpretation 
can apply í comparisons of TD (D) 
f with PD (N S conditions. Presumably 


the control « l by proprioceptive stimuli 


would be co ole under ND and SS con- 
- tingencies. ie present study adds to a 
growing bod erature (some cited above) 


't, with the interdimensional 
at least, SS-ND differences 
oserved. The evidence ob- 
dimensional training proce- 
less clear. Tomie et al. 
-sented data which indicates 
flattening of generalization 
differential training varies 
positively wi lifference between the non- 
differentially ‘orced training stimuli. Since 
the stimuli u n extradimensional training 
typically lie on ihe same test dimension they 
tend to be mose similar to each other than are 
the. stimuli u in interdimensional studies. 
This could explain the greater success of the 
latter paradigm in producing reliable non- 
ng effects. Although more 
extradimensional studies is 


which indica: 
training par: 
can be read: 
tained with 

dures is adn 
(1973) hav 
that the deg: 
gradients b; 


from 


“Clearly needed, the bulk of the available evi- 


ence suggests that discrimination training 
sharpens generalization gradients and nondif- 
ferential training flattens them, in both inter- 
mensional and extradimensional paradigms. 
hese results are inconsistent with the views 
of Turner and Mackintosh (1972) but they 
Support the general attention position espoused 
Y Thomas (1970) and his associates. 
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RECOGNITION OF NUMERALS IMBEDDED IN W 


PRONOUNCEABLE NONWORDS, AND RAN! 
SEQUENCES OF LETTERS' 


EDWARD LAKNER? 


Survey Research Laboratory, University of Illinois 


The numerals 2-9 were randomly imbedded at one of three locations v 
words, pronounceable word fragments, and random sequences of |: 
which were presented tachistoscopically in random order to 24 Ss : 
3X3 repeated measures design. Mean recognition time was shorte 
numerals imbedded within words, while type of sequence interacted 
nificantly with location of the imbedded numeral. Threshold differe: 
were attributed to intraorganismic factors, since the experimental de 
controlled for differences in the response and the code used by Ss to r 
the tachistoscopically exposed stimuli. 


The effect of language frequency on tachis- 
_ toscopic recognition threshold has been repli- 
cated in dozens of experiments. Recognition 
time has been found to vary inversely with 
frequency of word usage (Howes & Solomon, 
1951), frequency of training with nonsense 
syllables (King-Ellison & Jenkins, 1954), 
and order of approximation of letter sequences 
to English spelling (Miller, Bruner, & Post- 
man, 1954). Recognition time for reversed 
or incorrect letters has been found to vary 
directly with the familiarity of the context 
- (words versus random consonants) in which 
they are imbedded (Pillsbury, 1897; Post- 
man, Bruner, & Walk, 1951). 
Osgood (1957) attributed these frequency- 
threshold effects to perceptual processes, sug- 
gesting that under marginal viewing condi- 
? tions, sequential dependencies between the 
central nervous system correlates of sensory 
. €vents act to “fill in” sensory events missing 
from familiar patterns or to override input 
from partially deviant sensory events, pro- 

ided that enough of the total pattern is 
given. A similar explanation, in which the 


1 This article is based on a doctoral thesis sub- 
mitted to the University of Illinois in 1970. The 
study was supported by the Institute of Com- 
munications Research of the University of Illinois. 
. The author thanks Charles E. Osgood for his in- 
. valuable advice and support. 

- _ ?Requests for reprints should be sent to Edward 
= Lakner, Survey Research Laboratory, 404 David 

md Hall, University of Illinois, Urbana, Illinois 


vents are 
tems, was | 


missing or nondeviant sen 
read off from perceptual cod 
set forth by Bruner (1957) 


Other studies, however, h shown. that 
the frequency-threshold eff served in 
previous tachistoscopic exp its is mot 
necessarily evidence for the iation of an 
active perceptual system. ( mond and 
Hawkins (1958), having four: t pretrain- 
ing with nonsense words a ‘erent fre- 
quencies produced the word-! ney effect 
even without a stimulus, con | that past 
experience or expectancy doc affect per 
ception but only alters respon obabilities. 
Tt was later found by Harris and Haber i 
(1963) that the economy of co:'c used by S 


determined the accuracy of 
either the number, shape, or co ; 
toscopically exposed stimuli, as specified in 

advance by E: It would seem :nnecessaty 

to postulate that frequency of usage affects 

recognition threshold if words or pronounce- 

able nonwords merely take less time to Te 

port than random sequences of letters which. 
can only be partially encoded before the de- 

tailed visual image excited by the stimulus | 
has faded below threshold. 

Methodological implications. These non- 
perceptual explanations of threshold effects 
and their supporting evidence emphasize the 
need for strict control of response and cod- 
ing biases in experiments that purport t0 
show facilitative or inhibitory effects of per- 
ceptual processes on word recognition threst- 
olds. In the standard threshold experiment 


1086 


verbal stimuli themselves, 
ent letters, requiring a 
(both in kind and duration) 
-opically exposed stimulus, 
levant response is allowed 
wey, frequency-threshold ef- 
ited to response or coding 
ambiguously to perceptual 


"unique respon 
to each tachi-:c 
“Whenever th 
to vary in this 
fects can be a 
“biases, and n 


processes. 

This study ts an experiment in which 
response and ig biases were minimized 
by having Ss roport a numeral imbedded in 
words and in rds, instead of reporting 
the words a: iwords themselves. Since 
the critical : se was one of reporting 
the error nu as distinct from any of 
‘the surroun ictters, whether word or 
nonword, th onse could not be con- 
founded wit! vations in the usage fre- 
quency, prono:-cability, or encodability of 
the imbeddi: juences. It was hypothe- 
sized that d:...cnces between words and 
monwords i: dliarity of context would 
affect recogni thresholds for imbedded 
"numerals, bui firm prediction was made 
regarding inti bicory or facilitative effects 
Since precede»: studies had not been reported 
in which nur rals were used as imbedded 
errors, It wes assumed that if words and 


Nonwords di 
Tecognition ti 
“cified controls 

Such a finding 
biguously to 
1957 ; Bruner, 19 


cd significant differences in 
for numerals under the spe- 
r response and coding biases, 
could be attributed unam- 
tual factors (cf. Osgood, 
5795 


METHOD 


Experimenta! stimulus sequences were constructed 
Y substituting numerals into the "matrix" se- 
fences shown in Table 1. Each sequence in the 
E seven letters in length, and no sequence 
pans a constituent letter more than once. The 
ss Set of 48 sequences is composed of three types: 
-2 Words, 16 word-like nonwords, and 16 random 


"Sequences of letters. 


j The Nonwords are parts of actual English words 


E. normally preceded by common prefixes, such 
ON) com(PULSIVE), re(PLENISH), etc. 
Ed non morphene + suffix combinations were 
‘only PU that any stem or suffix was represented 
aoi ia The words meet this same requirement 
aes Siplication of morphemes or morphemic 
develo, in the stimulus lists and to minimize the 
Pment of expectancies on the part of ob- 


TABLE 1 


Matrix SEQUENCES AND COMPANION NUMERALS 
i USED IN CONSTRUCTING 
STIMULUS MATERIALS 


Sequence type 


Words P pune ble Random sequences 
SUBJECT 8 TRUSION 6 TMAFKXJ 2 
NEUTRAL 2 PULSIVE 4 KVNITSG 3 
FURNISH 9 SURANCE 5 YDULRGT 5 
SPECIAL 7 DICTORY 2 FHYRPG] 7 
PROBLEM 7 SIGNATE 2 JVIUXFS 6 
PICTURE 2 CUMBENT 8 WPJLHMX 3 
HISTORY 4 PLENISH 6 YBDHTWJ 8 
COMPANY 3 TENSIFY 3 OBLXAJS 7 
CERTAIN 5 PLEXITY 7 UHRCNMB 4 
SECTION 4 CORDANT 9 BLVUCHY 4 
TROUBLE 5 CONDITE 8 AYCHLGO 2 
LIBERTY 6 MERCIAL 4 “NRCWOBH 5 
MACHINE 6 SECUTOR 3 XPCRFZE 9 
CHAPTER 9 EMPLARY 5 AROGTBD 6 
DESTROY 8 PENDIUM 9 XNBMIDH B 
FOREIGN 3 PRIMAND 7 OCJMSYR 9 


Note. The numerals 2-9 were allocated to sequences of each 
type using a table of random numbers. 


servers for particular morphemes over successive 
trials. 

The random sequences were constructed by as- 
signing the numbers 1-25 to letters of the alphabet 
and consulting a table of random numbers. The 
capital letter Q was omitted on grounds of low fre- 
quency of occurrence and likelihood of being mis- 
taken for the letter O to which it is very similar. 

The nonwords differ from the words only in | 
being parts rather than wholes, though, as counted 
by Thorndike and Lorge (1944), their mean fre- 
quency of usage was not oyer 9 occurrences per 
million words, as compared to at least 75 occur- 
rences per million for the words. The random se- 
quences differ from the other two types of sequence 
in lacking English word structure and in having 
approximately equal overall frequency of usage of 
letters. x 

The eight digits 2-9 were allocated randomly to 
the 16 sequences of each type as shown in Table 1. 
Errors were introduced by substituting each nu- 
meral into its associated sequence in place of let-, 
ters at the second, fourth, or sixth letter position. 
These substitutions gave three versions of each 
"matrix" sequence, whereby each of the digits 2-9 
occurred twice within each cell of a 3X 3 design 
model as shown in Table 2. Along the vertical 
dimension of the model, the same set of numerals 
was imbedded in sequences of different structural 
type. Horizontally, these numerals were imbedded 
at different locations within sequences of the same 
type. Thus, the nature of the imbedded error itself 
was invariant over each combination of the inde- 
pendent variables, while the location of imbedding. 
and structure of the imbedding sequence were 


TABLE 2 


DesiGN MODEL AND DEPICTION or 144 STIMULUS 
IrEMS ALLOCATED BY SEQUENCE TYPE 
AND POSITION OF IMBEDDED NUMERAL 


Numeral location 


Second Fourth. Sixth 
Words 
N2UTRAL NEU2RAL NEUTR2L 
P2CTURE PIC2URE PICTU2E 
F3REIGN FORSIGN FOREI3N 
C3MPANY COM3ANY COMPA3Y 
SACTION SECA4ION SECTI4N 
HASTORY HIS4ORY HISTO4Y 
etc. etc. etc. 
Pronounceable nonwords 
S2GNATE SIG2ATE SIGNA2E 
D2CTORY DIC2ORY DICTO2Y 
T3NSIFY TENSIFY TENSI3Y 
S3CUTOR SEC3TOR SECUT3R 
PALSIVE PULAIVE PULSI4E 
MARCIAL MERAIAL MERCI4L 
etc: etc. etc. 
Random sequences 
T2AFKXJ TMA2KX] TMAFK2J 
A2CHLGO AYC2LGO AYCHL20 
W3JLHMX WPJ3HMX WPJLH3X 
K3NITSG KVN3TSG KVNIT3G 
BAVUCHY BLVACHY BLYUCAY 
U4RCNMB UHR4NMB UHRCN4B 
etc, etc. etc. 


varied systematically. Each combination of the in- 


. dependent variables (or cell) was represented by 


a set of stimulus sequences to balance out specific 
word shape and frequency effects and to minimize 
possible interactive effects between a particular 
numeral and surrounding letters (e.g., confusion of 
B, 8, and 3) which could well be confounded with 


the two intended sources of variation, sequence type 


and numeral location. 

Preparation of stimulus materials. Each of the 
144 stimulus sequences depicted in Table 2 was 
centered and typed in black capital letters on a 
100 X 150 cm. white file card. The typed numerals 
and letters were the same height. Since it was 
planned to show each S a series of stimulus cards 
in the tachistoscope, a stimulus Series was as- 
sembled for each S by choosing one sequence from 
each triad in Table 2 using a table of random 
numbers. That is, NEUZRAL was selected from the 
triad N2UTRAL/NEU2RAL/NEUTROL, P2CTURE from 
the triad P2CTURE/PIC2URE/PICTU2E, followed by 
FORSIGN, COMPA3Y, S4CTION, and so on, until a 
stimulus series of 16 words, 16 pronounceable non- 


R 


words, and 16 random sequences i=: } 
with numerals imbedded throuzt 
locations. 

A second series of 48 stimu! 
selected by the same procedu:- 
items was drawn randomly frou: 
of each triad remaining after so’ 


ms was then 


series of stimulus items. Thus i the pairs 

N2UTRAL — NEUTR2L 

— PIC2URE PICTUZE 

F3REIGN — FOREIN 
C3MPANY COM3ANY — 

— SEC4ION SECTIAN 
etc. etc. etc. 
N2UTRAL, PIC2URE, FOREI3N, COA SECTIAN, and 

so on, were chosen until one s! 


equence had 
been so chosen from each of t! s 
Finally, a third series of 48 t 


items was 


assembled from the one n each triad 
remaining after selection of ti ind second! 


stimulus series. 
The three series of stimulus ii 
from this selection proce 


ich resulted 
we arranged in 


random order. These se ‘anced in the 
cumulative frequency of sequen umeral types 
and were identical except for t ving of their 
constituent items, the complen distribution 
of imbedded numerals within tr d the cumula- 
tive frequency of numerals a: « error location 
(which was free to vary withi: limits), It 
was expected, therefore, that : cation of these 
series in the test situation wou produce dif- 
ferential expectancies either fo , pronounce- 
able nonwords, or random seq or for par- 
ticular numerals. Possible leít-, le-, or right- 
weighted expectancies for nu: locations were 


e experimental 
ral location) 
posed at eacli 


eliminated, and each combinatic 
conditions (sequence type and : 
had an equal chance of bein; 
stage of practice or fatigue. 

This procedure for constructi 
lus items was carried out four 
producing a total of 12 series of « 
ulus sequences. Twenty-four Ss ; 
at random to these series, 2 Ss to a series, ot 
each S, the 48 stimulus cards designated by his 
assigned series were selected from the total 0 
144 cards and decked in the designated order. 
Recognition threshold measures for imbedded ntt 
merals were then made in succession for €& 
Stimulus card in S’s deck. 

Subjects. The Ss were graduate and under- 
graduate students from the University of Illinois 
All had either normal or adequately correct 
vision, and were native speakers of English. 3 

Apparatus. The apparatus used was a D 
iype two-channel tachistoscope (Scientific Pro id 
type Mfg. Co., Model 800f). Stimulus cards we 
exposed in the test field, while the alternate A 
was used for fixation and adaptation. Both cha 
nels were adjusted for equal luminance. *. 

In the tachistoscope, stimulus cards were $ 
posed at a viewing distance of 80 cm. from 4 


ies of stimu- 
arate times, 
mental stim- 
were assigne 


idth of 14 cm, a stimulus se- 
sual angle of almost exactly 
within the region of maxi- 
and made unlikely the neces- 


This anz 


mum visual 

sity of multip: | fixations for word recognition. 
Experimen cedure, Each S was asked to 

identify a of numerals (9238467) and a 


random se of letters (JoRBCLV) at the view- 


ing distance i iachistoscope as a test of visual 
acuity. The ien read an instruction sheet in- 
dicating that series of words and nonwords 
would be shc or very brief durations, each of 
which contai: numeral in place of a letter at 


ie S's task, according to the in- 
identify the numeral. The Ss 


some locatio: 
Structions, 


were encour; io guess. 

In the te cedure, each stimulus card was 
first presente 10 msec.; the duration of ex- 
posure was d thereafter in steps of 5 msec. 
until the im | numeral had been correctly 
identified. isecutive correct trials was es- 
tablished a: rion of recognition; the earlier 
of these tri inted as the threshold measure. 
Successive « res to the same card were sepa- 
rated by an val of 5 sec. The examiner sig- 
naled “ready 1$ sec. prior to each exposure. 
A rest inte of 20 sec. was interpolated be- 
tween succe: stimulus cards. To furnish prac- 
tice in the c imental procedure, three prepara- 
tory stimuli SACLE, SPIRSCY, MVX3WDK) were 
presented i; lom order as the first three items 
of each S’s ilus series, 

RESULTS 

Mean rc. nition scores in milliseconds 
were calculated for each S under each com- 
bination of the independent variables, se- 
quence type and numeral location, A mean 
Tecognition score was thus obtained for each 


S within each cell of the 3 X 3 design model. 
The mean recognition time for numerals at 
each location within each sequence type is 
shown in Table 3. These data are also 
displayed graphically in Figure 1. 

A two-way analysis of variance with re- 
Peated measures on both factors was com- 
puted on the S scores. The main effect of 
Sequence type was significant, F (2, 46) = 
371, P<.05. The shortest mean recogni- 
tion time was displayed by numerals im- 
bedded in words, while the longest mean 
Tecognition time was displayed by numerals 
imbedded in pronounceable nonwords. The 
numeral location main effect did not reach 
Significance. There was a significant Se- 
uence Type x Numeral Location interac- 
ton, F (4, 92) 2394, p<.01. Within 
Words, mean recognition time for numerals 


TABLE 3 


MEAN RECOGNITION TIME (IN MSEC.) FOR 
NUMERALS AT EACH LOCATION WITHIN 
Eacu SEQUENCE TYPE 


Numeral location 


Sequence type l x 
Second | Fourth | Sixth 
Words 29.89 | 32.37 | 30.20 | 30.82 
Pronounceable 
nonwords 34.51 | 30.90 | 34.69 | 33.37 
Random sequences | 33.91 | 30.30 | 34.37 | 32.86 
x 32.77 | 31.19 | 33.09 | 32.35 


was longer in the center than in the end. 

locations, while within random sequences 

and pronounceable nonwords, mean recogni- - 
tion time for numerals was longest in the 

end locations. 

A one-way analysis of variance was made 
on recognition scores obtained at each lo- 
cation, Sequence type was found to have a — 
significant effect at the second numeral lo- 
cation, F (2, 46) = 6.25, p < .005, and at | 
the sixth numeral location, F (2, 46) — - 
3.71, p<.05. The effect of the sequence - 
type factor was found to be nonsignificant - 
at the fourth numeral location, F (2, 46) — 
1.31, p >.05. The mean recognition time - 
for numerals at each location within pro- 
nounceable nonwords did not vary signifi- . 
cantly from that obtained for numerals at. 
the same location in random sequences. 


Discussion 


Perceptual versus response theories. The 
results of this study can be interpreted as chal- 8 
lenging "response bias" and “differential en- - 
coding strategy" explanations for the effect of. 


and am 6th 


Se 


erceptual frequency on recognition thresh- 
ld. Since the response alternatives (TWO . . . 
NINE) were identical over different combina- 
tions of the sequence type and numeral loca- 
on factors, differences between factor com- 
binations in recognition time were not con- 
- founded with differences in the responses 
relevant to each combination. It cannot be 
concluded, therefore, that variations in the se- 
uence type and numeral location factors in- 
uenced perception by supplying otherwise un- 
available responses or by eliminating possibly 
competing ones. 

A similar interpretation may be applied to 
— the possible effects of coding strategy. Since 
the same numeral elements were reported 
within each combination of the sequence type 
and numeral location factors, the results can- 
ot be attributed to fading memory and a cod- 
‘ing strategy that differed over factor combi- 
E nations in the speed with which the critical 
stimulus features could be encoded. 

The results also suggest that pronounce- 
ability, as such, does not play a significant 
ole in the recognition of strings of letters 
although to establish this conclusion gen- 
erally, words should be tested against word 
fragments that equal or exceed the words in 
"frequency of usage). If large differences in 
resemblance to English spelling have no sig- 
nificant effect on recognition threshold for 
Bu imbedded in sequences of differing 
ronounceability, the critical source of thresh- 
ld differences between letter sequences would 
‘seem to be their status as words versus their 
Status as not words, and not their order of 
ipproximation to English spelling. 

Theoretical discussion. As suggested by 
runer (1957), perception may be viewed as 
process of matching stimulus inputs against 
“Categories of identity whose accessibility de- 
‘pends on frequency in past experience and 
earch requirements imposed on S by need or 
conditions of instruction. The perceptual cate- 
- gory for a word specifies a set of member 
peetters and probability relationships between 
— them, and is thus predictive of the presence of 
| à specific letter at each numeral location. 
- Within words, therefore, S' may establish nu- 
a merals as errors in a single search-comparison 
of the restricted category specification against 
the letter-numeral set actually presented, Non- 

Ords, by contrast, are not coded as wholes 
and contain lower or zero order probability 
relationships between component letters. At 
each numeral location in nonwords, therefore, 
the category specification can come from a 
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larger subset of letters or even 1! 
phabet. Hence, S requires more t: 
his category set for comparis 
nonword letter or numeral, sinc: 


set size 


is larger than for words. Reco. time is 
thus longest for numerals imbected in non- 
words. 

It was expected that nonveridicsi word ef 
fects, in which letters are sc pite the 
presence of numerals, would be val in the 
present study since Ss were i: nally set 
by E to search for numerals in s. Such 
predictive effects, however, e influ- 
enced the recognition of cen ted word 
numerals despite the experimer ructions. 
It is suggested that central nui in non- 
words required reduced exposu: because 
they lay upon the point of fix in con- 
trast to end numerals which a distinct 
in slightly indirect vision. 

Conclusion. The experim« sign of 
the present study is not direct! ;rable to 
that of Pillsbury (1897) wh use non- 
words as control sequences o: of Post- 
man et al. (1951) who inserted 'rent re- 
versed letters at the same locii in words 
and nonwords (e.g., 3LAsTER ver «xvTHW). 
The apparent conclusion to h vn from 
the combined results of these s is that 
errors imbedded in words ca: ecognized 
as errors in the tachistoscop: : quickly 
than errors imbedded in nonw but that 
words and their constituent lettc: n be cor- 
rectly identified at a shorter th jd. dura- 
tion than errors imbedded wit om. This 
interpretation is tentative ar V require 
further study. In addition to inserting iden- 
tical errors at the same location in words and 
nonwords, it is useful to measure the effect of 
sequence type on the recognition of imbedded 


errors that have differing degrees of percepti- 
bility within a line of letters. Errors that are 
not identical are likely to exhibit different 
recognition thresholds quite apart from the in- 
fluence of their respective contexts. Differing 
perceptibility of errors (such as for imbedded 
numerals versus reversed or incorrect letters) 
may yield dissimilar findings about facilitative 
versus inhibitory effects of words and non- 
word contexts on error recognition. 
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DOUBLE STIMULATION WITH VARYING 
RESPONSE REQUIREMENTS * 


BARRY H. KANTOWITZ ? 


Purdue University 


The unitary assumption of Kantowitz’s 1974 response conflict model si: 
that the same mechanism is responsible for both reaction time effects ( 

re and RT.) in double stimulation. Three experiments were cond 
3 test the unitary assumption. Response conditions called for res 
and/or Ra) to first (Sı) and second (Sz) stimuli, to only first stimul 
to only second stimuli. In Experiment I, S;-Rs was a subset of the 

set such that SR, was characterized by two bits of uncertainty 
SR: had one bit. Similar interactions between interstimulus 
(ISI) and response conditions were obtained for both RT: and R’ 
Experiment II, S:-R: was not a subset of S;-R. Both intera 
tained in Experiment I disappeared. In Experiment III, simil: 
tions between S:-R: information and ISI were obtained for both R 
RT: These similar patterns of interaction and additivity for both RT 


RT: were taken as support for the unitary assumption. 


The double-stimulation paradigm is char- 


acterized by the presentation of two stimuli . 


in rapid temporal succession. Response (Ri 
and/or R2) may be required either to the 
first stimulus (S1), the second stimulus 
(S2), or to both stimuli. These three dou- 
ble-stimulation paradigms are schematized 
in Table 1. 

When a response is required for the sec- 
ond stimulus (Conditions R;R2 and -Ra), 
the phenomenon under investigation has 
been generally referred to as the psychologi- 
cal refractory period (PRP) effect (Her- 
man & Kantowitz, 1970; Smith, 1967a). 
Telford (1931) found this latency to Sz to 
be increased over the latency to a single 
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H. Kantowitz, Department of Psychological Sci- 
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stimulus (Condition SS) he Si-$ 
interstimulus interval (ISI short; he 
attributed his finding t iness of @ 
neuron immediately following «citation, and 
therefore termed the effect psychologi- 
cal refractory period." W this effect 
has been often replicated, 1: l's analogy 
has been discarded as an e tion of the 


ms, the ISI 
bserved are 
fractory pe 
theless, the 
iptive title for 


delay because, among other 
values for which a delay 
several times larger than tk: 
riod of single neurons. 1! 
term PRP remains as a desc 
the effect. 

Several theories have arisen to replace 
Telford’s analogy, and they have been most 
recently reviewed by Kantowitz (1974) and 
Herman and Kantowitz (1970). Since the 
PRP effect represents a basic limitation 1 


TABLE i 
EXPERIMENTAL DrsiGNs Uskp IN DOUBLE- 3 
SKS 

STIMULATION Tas E 

Condition Si Ri s. (ES 
RR: yes yes yes beo 
-R3 yes no yes 35 
Ri- yes yes yes M 

SS yes yes no a 


paradigms while Condition SS represents a 
control condition, which provides a baseline 
double-stimulation effects. 


í— 


eee ie 


$ 
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human inf ;on processing, the numer- 


ous attempts iterpretation of this effect 
are understas ¿ble in view of the implica- 
tions it has ın indicant of the stages, 
mechanisms, function of central pro- 
cessing of sic; 5 (Broadbent, 1958; Wel- 
ford, 1960). is multiplicity of competing 
explanations | ən embarrassment of riches 
because, as ith (1967a) pointed out, all 
are designe: "predict" the PRP effect 
and thus ali «spend on ancillary data for 
support. V the focus of interest is on 
latency to : se ancillary data have not 
been suffici ) distinguish among compet- 
ing theore views (Herman & Kanto- 
witz, 1970) 

While : hers have pursued S; la- 
tency effe i. commendable zeal, laten- 
cies to S; gone largely unremarked. 
These latenc::o can be investigated in Con- 
ditions Ry] d Ri- of Table 1, Herman 
and Kant (1970) argued that consid- 
eration of ©. tency effects reduces the set 
of viable do! ‘c-stimulation theories to one, 
namely, a ponse conflict interpretation 
of double-s!'islation effects, As is evident 
from the tiii- of their article, Herman and 
Kantowitz shed the conclusion that all 
double-stin:::::j0n effects, i.e., latencies to 
S; and latexcics to Ss, can be well-explained 
by a single sarsimonious theory of double 
Stimulation; this conclusion followed a 


z of studies utilizing Condi- 
, and SS of Table 1. 
, the arguments put forth by 
Herman and Kantowitz (1970) were more 
Suggestive than definitive. The response 
Conflict interpretation they offered was not 
a tightly knit model that could be clearly 
extrapolated to any double-stimulation situ- 
ation, nor was it intended to be; the major 
Purpose of Herman and Kantowitz was to 
emphasize the neglected role of response 
Processes in double stimulation. The pres- 
ent study aims at testing only one of the 
Several assumptions used by Herman and 
antowitz; an additional goal is purely em- 
en: Providing useful data contrasting 
€ various double-stimulation experimental 
ee Presented in Table 1 so that re- 
Ms conflit (or other) mechanisms can 
* further elaborated in hopes of achieving 


a tightly knit model. The postulate to be 
tested can be termed the unitary assump- 
tion of the response conflict model proposed 
by Herman and Kantowitz (1970). The 
unitary assumption states that the same 
mechanism is responsible for both RT, (re- 
action time to Sı) and RT% (reaction time 
to S2) effects in double stimulation. It is 
important to note that the unitary assump- 
tion is mute regarding the kind of mecha- 
nism operative in both cases. Additional 
assumptions, such as postulation of a set of 
covert response tendencies which have a 
one-to-one correspondence with the overt 
response set, are necessary before explana- 
tions of refractory delay can be attempted. 
These various assumptions can and should 
be tested separately. Thus, it is certainly 
possible that the unitary assumption may be 
valid while the underlying mechanism may 
be primarily perceptual, rather than related 
to response processes. It is also possible 
that the unitary assumption may prove false 
while the underlying mechanisms may still 
be related to response processes. 

What operations may be used to test the 
unitary assumption? One basic operational | 
test involves comparison of the functional 
relationship between ISI and RT; with the 
functional relationship between RT» and 
ISI. Furthermore, these relationships should 
be compared among all the experimental de- 
signs listed in Table 1, e.g., how does the 
relationship of RT; as a function of ISI in 
Condition R;- compare with the RT» asa — 
function of ISI in Condition Rs-? If the - 
unitary assumption is correct, these func- - 
tions should be similar. Another opera- - 
tional test would be comparison of the ef- 
fects of additional independent variables 
(stimulus intensity and degradation, infor- 
mation load, etc.) on R; and Rs, again using — 
all the designs of Table 1. Since ISI is . 
the most salient variable in the double- 
stimulation task, the present study will be 
limited to the first operational test proposed. 

While studies comparing Conditions R;R 
and -Rə abound (e.g., Davis, 1959; Kay & — 
Weis, 1961; Koster & Bekker, 1967; Smith, - 
1967b), only two studies (Herman & Mc- 
Cauley, 1969; Knight & Kantowitz, i 
press) have compared Conditions R;R an 
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Ri— No published study has compared Ri 
in Condition Ri- to Re in Condition —Re, 
and no published study has compared all 
the conditions listed in Table 1. Such 
comparisons bear directly on the validity of 
the unitary theory of double stimulation 
‘sought by Herman and Kantowitz. When 
Conditions RıRz and -Rə are contrasted, a 
delay in responding to Se is obtained even 
when no response is required to the first 
stimulus; however, the delay has been 
greater in Condition R;R» than in Condi- 
tion -Rs. When Conditions RR» and Ri- 
are contrasted, a delay in responding to Si 
is obtained even when no response is re- 
quired to the second stimulus; futhermore, 
‘this delay has been greater in the single- 
response Condition R;- than in Condition 
RıRz This finding, in addition to being 
“unexpected, would argue in part against the 
unitary position taken by Herman and 
- Kantowitz since comparisons of Conditions 
RiRe and -Rs have shown greater delay in 
the double-response condition. However, 


+4 
1 


. delays in both Ri and R: occur when either 
one or two responses are required ; this sup- 
ports a unitary theory. Nevertheless, the 


È 


 single-response, double stimulation condi- 
ion compared with a double-response, dou- 
le-stimulation condition depends on which 
response (R; or Re) is required; this 
rgues against a unitary position. These 
differences may be illuminated by a more 
- detailed consideration of the experiments 
- that have provided the relevant findings. 
- Since the comparison between Conditions 
aR, and R;- is based primarily on one 
study, it will be considered first. Herman 
and McCauley (1969) used a two-choice 
situation with one bit of stimulus and re- 
-sponse uncertainty for S1; however, the con- 
ditional uncertainty of S, given S, was zero, 
since S3 was always the remaining stimulus 
- light. Furthermore, Ss in Condition R;R, 
were allowed a “grace period" of 50 msec. 
whereby a response to Sz could be executed 
- up to 50 msec. prior to R; in order to *pro- 
- vide some allowance for legitimately faster 
- RTs to Sg than to S; [Herman & McCauley, 
1969, p. 345].” It will be recalled that Her- 
"man and McCauley obtained greater delays 
for RT, when only one response was re- 


quired. They explained this g by not .— 
ing that Condition R,- required a “wholly 
incompatible" set of response tercencies since 
Sı required an overt respons: Se re- 
quired the inhibition of any respo: Con- 
dition R,Rs, however, involve] "partially 
incompatible" response tendencies since a re- 
sponse to S; and a response t vere both 
required. Since wholly incor:ctible sets 
lead to greater conflict, the g! lelay for 
Condition R;- can be explai Lowever, 
at least two alternative expla may be 
given for this finding. The $ > double- 
response condition may ten roup re- 
sponses (e.g, Sanders & Keus 9), and 
this strategy would be emph ! because 
of the 50-msec. grace period double- 
response group Ss could n joint re- 
sponse Rı-Rə by releasing esponse 
keys as soon as S, was det: : second 
explanation concerns speed y trade- 3 
off. A joint response would n nt as an 
error even if Rs» preceded R; | much as 
50 msec. However, S's in the si response 
group where the grace period ot apply 
were forced to cope with a gr iccuracy 
constraint. Indeed, Ss in thi up made 
almost twice the number of er: those in. 
the double-response group. ' the less 
stringent error criterion for the double-re- 
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sponse group may have all group 


to respond more rapidly than single- 
response group? Hence, i ading of 
greater delay for the single-r group 
should be viewed cautiously. These possible 
sources of confounding can be eliminated by 
deleting the grace period and by using a task 


where the conditional uncertainty of Sz given 
Si is greater than zero; the present experi- 
ment used a four-choice task with one or 
two bits of uncertainty for S,-R; and one 
bit of conditional uncertainty for So-Ra. 

Returning to comparisons between Condi- 
tions R;Rs and —R,, most studies have found 
greater delays in RT, in the double-response | 
condition (Davis, 1959; Kay & Weiss, 1961; 
Nickerson, 1967; Smith, 1967b). Davis 


3Knight and Kantowitz (in press) tested this 
hypothesis by using explicit payoff matrices to 
control speed-accuracy set. Nevertheless, they 
replicated the Herman-McCauley finding suggest- 
ing that this potential artifact does not explain 
greater single-response delay. 


DOU 


: delay in RT, when constant 
'ere used in the single- 
+ although a delay was ob- 
msec. ISI with random ISI 
sster and Bekker (1967), 

from one highly practiced 


- (1962) found 
| blocks of I: 
response con: 
tained for tl: 
- presentation 
reporting th 


S, found sir lelays for both Conditions 

- RR, and - long ISIs, although the 

double-respo:: ndition appeared to yield 

T shorter late: at ISIs near 200 msec. 

However, | cle does not state if ISIs 

were block« random and there is some 

- discrepancy een the ISI values stated in 

the text anc displayed in their Figure 

2, so that are difficult to interpret. 

Smith (1% tained greater R;R2 delay 

with a cond uncertainty of one bit for 

~ S, althoug quired a two-choice c-reac- 

tion (go—ni so that her results are not 

directly con ble with the b-reaction (all 

- stimuli may o responses) used in other 
experiment: 

The prese: study aimed at a direct com- 

- parison of he double-stimulation condi- 

tions listed able 1. In addition to being 

of conside: empirical interest, such a 


comparison 
P conflict theo 


ts a major premise of response 
5 articulated by Herman and 


Kantowitz ( 1^70) and should reveal whether 
a unitary the of double-stimulation is in- 
deed tenable. While evidence suggests and 
- parsimony demands a viable unitary theory, 
Comparison of all conditions within one ex- 


p Deriment is a strong test of such a unitary 
theory. If similar effects of ISI are obtained 

- for both first second responses, the uni- 
tary assumption of response conflict theory 
gains necessary empirical support.t 


E EXPERIMENT I 
- Method 


A elects. Twelve undergraduate females were 
fet rM assigned to each of the four conditions 
ced in Table 1; they participated to satisfy 
Bue Tequirements in introductory psychology in 
Spring 1972 semester, 
Burro. The stimulus display consisted of 
= igh-intensity neon lamps (Leecraft 3200) 
anged in two groups of two forming a horizontal 
aa = ee 


CS Prediction is based on an assumption that 
Were S vH Re are equally potent. If one response 

d xe Prepotent (e.g. via instructions or pay- 
(cf, H. 1X), an asymmetry would be predicted 
erman & Kantowitz, 1970). 
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line. The mean intensity per lamp was 588.9 
c/m* (185 mL.) as measured by a Gamma Scien- 
tific (Model 2020) telephotometer. The visual 
angle subtended by the entire display was 1.90° 
when viewed from a distance of 230 cm. An audi- 
tory warning signal (Mallory Sonalert) with an 
intensity of 70 db. SPL and frequency of 2.5 kHz. 
preceded S; onset. Four piano-type response keys 
were mapped to the four stimulus lights; each key 
was 2.54 cm. wide and required a static force of 
48 gm. and a travel distance of .16 cm. to close a 
contact. Keys were operated by the second and 
third fingers of each hand. A Psionix Model 1600 
integrated-circuit digital-logic system controlled 
stimulus presentation and recorded response la- 
tencies to the nearest millisecond on paper tape. 

Procedure. The Ss in Conditions Ri Rs, —Re, and 
Rı- experienced four 33-trial blocks of constant ISI, 
A digram balanced Latin square (Wagenaar, 
1969) was used to determine the order in which 
ISI blocks of 30, 60, 120, and 240 msec. were ad- 
ministered. However, the third block of trials was 
always a single-stimulation control block so that 
each S experienced a total of five 33-trial blocks. 
The Ss in Condition SS never experienced Ss; 
however, these Ss were yoked to Ss in the double- 
stimulation conditions, receiving trial sequences 
identical to those of Conditions RiRs, -Rs, and R= 
as far as S; and foreperiod. For all Ss a 16-trial 
single-stimulation. practice block preceded all other 
trials. The Ss were instructed to respond as 
rapidly, rather than as accurately, as possible, 

A constant l-sec. auditory warning signal pre- 
ceded both single- and double-stimulation trials. . 
Foreperiod (warning signal offset to S; onset) 
duration consisted of equiprobable 1.5-, 2-, and 2.5- 
sec. intervals so that mean foreperiod was 2 sec. 
Intertrial interval (warning signal onset to warn- — 
ing signal onset) was constant at 12.6 sec. All 
four stimulus lights were equiprobably chosen as  . 
Sı to yield two bits of S;-R; uncertainity. How- 
ever, Sa was always chosen from the remaining 
two-light set, e.g., if Si were the leftmost light on 
some trial, Sə would be one of the two rightmost 
lights, thus yielding one bit of Ss-Re conditional 
uncertainity. 

The Ss were instructed to respond by pressing 
the key that corresponded to either Si, Ss, or both, 
depending on the condition. A correct response 
immediately extinguished the appropriate stimulus 
lamp in all response conditions; the remaining lamp 
in single-response double-stimulation conditions ex- 
tinguished approximately 2 sec. after S’s response. . 
No grace period was used in Condition RRs. 
Trials on which errors occurred were not redone 
and error latency was recorded. 


Results 


The first trial of each block was considered 
practice. Consequently, all analyses we 
based on the last 32 trials in a block for both 
single- and double-stimulation | condition 


- 


LE 


Unless otherwise stated, all analyses were 
based on correct responses only. Trials on 
which RT was less than 100 or greater than 
2,000 msec. occurred infrequently and were 
excluded from analysis. 

RT to first stimulus, The dotted lines in 
Figure 1 show mean RT; for double-stimula- 
tion Conditions RıRz and Rı— and for the 
between-groups single-stimulation control, 
Condition SS. For Condition SS, ISI is a 
pseudo-variable since no S, was presented to 
this group. The single-stimulation control 
blocks shown at the far right of Figure 1 are 
within-S control blocks derived from the 
third block of trials; these control blocks 
permit a direct comparison between within- 
and between-S single-stimulation control 
trials. A four-way analysis of variance with 
two between-S factors (conditions and or- 
der) and two within-S factors (ISI and 8- 
trial blocks) conducted on double-stimulation 
and yoked (pseudo-ISI) trials revealed 
highly significant effects of ISI, F (3, 72) 
= 9.24, p < .001, and the interaction between 


= 15,882, p < .001; the interaction of trial 
blocks and ISI was also significant, F (9, 
. 216) = 2.52, p < .01. The effect of condi- 
- tions was not significant, F (2, 24) = 1.38, 
| 2.05, nor did any remaining main effect 
or interaction reach the .05 level of sig- 
nificance. 

An additional four-way analysis of vari- 
. ance with only two levels of Conditions 
(Ri Re and R;-) revealed that the significant 
_ Conditions X ISI interaction cannot be at- 
tributed to the relatively flat function ex- 
hibited by Condition SS since this interac- 
tion remained highly significant when Con- 
dition SS was omitted from the analysis, 
F (1, 48) — 7.59, p < .01. The interaction 
between trial blocks and ISI can be attributed 
to a decrease in RT; over the four trial 
- blocks for the 240-msec. ISI while RT; for 
the 60-msec. ISI remained fairly constant for 
all trial blocks and RT; for the two remain- 
ing ISIs did not vary systematically with 
= trial block, Inspection of individual data re- 
vealed greater RT; for the 30-msec. ISI rela- 
tive to the 240-msec. ISI for all 12 Ss in 
Condition R;-, whereas this was true for 
only 7 of the 12 Ss in Condition RR. 
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ISI and conditions, F (6, 72) = 9.69, MS," 


Comparisons of RT to firs: 
single-stimulation control co; 


mulus with 
ns. Dune 4 


nett tests were used to compa ^ within-§ 
single-stimulation control bic o the four 
double-stimulation blocks zonditions 
RiRe and Ry. For Condition Rj4Rg all 
double-stimulation blocks v ‘gnificantly 
elevated relative to the si timulation 
control block, ds(64) > 4.6: .005; for 3 


on blocks 
ds(64) > 
some sig- 
*elative to 
ntrol, the 

blocked 
al signifi- 
imulation - 


Condition R;- all double-sti: 
were also significantly elev 
2.34, p < .05. Thus, althoug 
nificant differences were obta 
the between-S single-stimu! 
more efficient comparison 
within-S control condition di 
cant RT; increases for all doi 
conditions. 

Comparable Dunnett test 
SS failed to reveal any sigs: 
between the third sir 


condition 
lifferences 
ion block 


(within-S) and the ren T stimula- 
tion (pseudo-ISI) blocks 2).« 204 
p.05. A one-way analy: f variance 
conducted on all four within- rol blocks, 
shown at the extreme rig! Figure 1, 
failed to reveal any signif: ifferences, 4 
F (3, 44) 2 240, p> .05 :refore, à 
blocked within-S single-sti: »n control 
condition is as appropriate a dependent 
groups single-stimulation con condition; 
indeed, the within-S block« ol is pref- 


erable due to its greater e i 
RT to second stimulus. Vi 

in Figure 1 show mean RT 

stimulation Conditions RiR, -Rə For 
both single- and double-resp conditions, 
RT» is greater than RT, in the comparable 
condition. A four-way analysis of variance 
with two between-S factors (Conditions 
RiRs, -R» and SS, and order) and two 
within-S factors (ISI and trial blocks) com 
ducted for double-stimulation trials reveale 
significant effects of condition, F (2, 24) = 
7.30, p < 01, and ISI, F (3, 72) = 2295 
P « 001; their interaction, F (6, 72) = 
12.02, p < .001, and the interaction between 
conditions and blocks, F (6, 72) = 2.25, f < 
.05, were also significant. While the si 
nificant main effect of conditions can be at- 
tributed to the elevation of both double 
stimulation conditions relative to contre 


solid lines 
for double- 


Lo 
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700 


REACTION 


30 240 SS 
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Ficure 1. action time for correct re- 
sponses for ali and double-stimulation con- 
ditions. (Lat r the within-S single-stimu- 

Y lation (SS) block are shown at the ex- 
| treme right.) 


interaction between condi- 
nnot be attributed to the 
ction exhibited by Condi- 
tional four-way analysis of 
y two levels of conditions 
ailed to reveal a significant 
s, F (1, 16) = 120, p> 
| significant effects of ISI, 
‘O, p < .001; trial blocks, F 
p < .01; and the interaction 
ıs and ISI, F (3, 48) = 
r both analyses of variance 
tain effect or interaction 
evel of significance. When 
RıRə and -Rə are consid- 
| blocks showed RT, to be 
decreasing function of trial 
block: RT, = 751, 733, 718, and 710 msec., 
respectively, When Conditions RiR,, -Rə 
"and SS are jointly considered, the marginal 
“interaction between trial blocks and condi- 
“tions can be attributed to the failure to ob- 
tain à monotonic decrease in single-stimula- 
tion RT for Condition SS: RT — 551, 541, 
566, and 557 for the four trial blocks, re- 
Spectively, 
Comparisons of RT to second stimulus 
th sing!e-stimulation control conditions. 
E Et tests „were again used to compare 
D. ns single-stimulation control block 
in ce four double-stimulation blocks used 
Onditions RiR, and -Rs. For Condition 
_ “2 all double-stimulation blocks were sig- 


IL Condition S 
tions and TS 
P relatively flat 
fton SS. A: 
variance wit! 
(RiR and 

W effect of con 
- 05, but did 

F (3, 48) = 
(3, 48) = 4. 
- between con 
1464, p « .01 
DUO remainin; 
F reached the 0: 
only Condition 
“ered, the four t: 
f a monotonica!! 


wi 
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nificantly elevated relative to the single- 
stimulation control block, ds(64) > 5.54, p 
< .005; for Condition -Rə double-stimula- 
tion blocks were also sighificantly elevated, 
ds(64) > 227, p < .05. 

Comparisons of RT: with RT. Since 
both RT, and RT; data indicate highly sig- 
nificant Conditions X ISI interactions, it is 
of interest to compare these two interactions. 
Therefore a five-way analysis of variance, 
similar to previous analyses with the addi- 
tion of a fifth factor, response (first or sec- 
ond), was conducted so that the triple inter- 
action of Response X Conditions x ISI could 
be evaluated. It should be noted that the 
conditions variable (single or double re- 
sponse) represents a within-S comparison 
when first and second responses are com- 
pared for Condition RRs and a between-S 
comparison when first and second responses 
are compared for Conditions -Rə and R;-. 
Thus, to arrive at the proper denominator 
for the F ratio evaluating this triple interac- 
tion, the covariance needs to be calculated. 
Instead of performing this calculation, two 
analyses, one liberal and one conservative, 
were performed. In the liberal analysis of 
variance, Conditions R,- and -Rə were con- 
sidered as if repeated measurements were 
taken as in Condition RR.. In the other 
analysis, data from Condition RR» were re- 
garded as if based on two separate groups as 
in Conditions -Rə and Rı—. For both analy- 
ses the F ratios for the triple interaction 
were not significant at the .20 level, F (3, 
48) — 1.26, and F (3, 96) — .90, respec- 
tively. Thus, it is reasonable to conclude 
that the form of the Conditions X ISI inter- 
actions shown in Figure 1 does not differ sig- 
nificantly for both first and second responses. 

The two analyses of variance described 
above also can be utilized to evaluate first 
and second response effects and interactions 
between response and other variables. Fig- 
ure 1 shows RT» to exceed RT: for all con- 
ditions, and this difference was significant 
in both analyses, F (1, 32) — 5.06, p « .05, 
and F (1, 16) = 6.94, p < .025. The inter- 
action between response and condition vari- 
ables was not significant for either analysis 
(Fs < 1.0), indicating that Ri and Rə 


latencies do not change differentially for 
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single- or double-response conditions. How- 
ever, the interaction between response and 
TSI was significant in both analyses, F (3, 
96) = 4.14, p < .01, and F (3, 48) = 5.80, 
p < .005; this can be attributed primarily to 
the rise in the RT; for the double-response 
condition at the longest (240 msec.) ISI. 
Error data. The mean number of errors 
per block of 32 trials per S, where an error 
is defined as an incorrect key press, is shown 
in Figure 2. While error rates were low, 
some consistent relationships did emerge. 
For all conditions errors declined mono- 
tonically as a function of ISI. Separate 
analyses of variance were conducted for first 
responses (Conditions R;R? and Ry-) and 
for second responses (Conditions RıRə and 
-R;). These four-way analyses with two 
between-S factors (conditions and order) 
and two within-S factors (ISI and replica- 
tions) are summarized in Table 2. Since both 
Ss and replication represent random rather 
than fixed variables, the expected mean 
squares (MSs) are more complex than is 
usually the case, so that several quasi-F 
ratios (e.g., Myers, 1966, p. 282) are present 
- in Table 2. In addition to the highly sig- 
- nificant effect of ISI previously noted, the 
significant conditions effect revealed that for 
both first and second responses, more errors 
were made by the double-response group 
than by the corresponding single-response 
- groups. The highly significant main effect 


3 


1S | (MSEC) 


Ficure 2. Mean number of errors per S for 
blocks of single- and double-stimulation trials. 
— — (Mean errors for the within-S single-stimulation 

; CE control block are shown at the extreme 

right. 


of Ss, albeit seldom evaluat: 


is hardly 
astonishing. Of greater impo 


the highly 


significant interaction betwee ; and ISI 
which will be discussed later 
Error latencies were com> analyzed 
for only the shortest (30- fSI since 
it was only for this ISI that -ery $ con- 
tributed at least one incorre ponse, ie; 
some Ss made only corr ponses at 
longer ISIs. Mean error ! s for first 
responses were 571 (N = 2. here N is 
the number of trials) and & ec. (N= 
1.77) for Conditions RiR, am ~, respec- 
tively; for second respons: in error 
latencies were 642 (Ñ =2 and 692 
msec. (N = 1.63) for Condi RyR, and 
—Rs, respectively, Contrasts ed error 
latencies for first responses t« vificantly 
greater than error latencies cond re- 
sponses, F (1, 188) = 5.0 )5. Con- 
trasts comparing single- | response 
conditions showed error la to be sig- 7 
nificantly greater for sing! ise condi- 


tions, F (1, 188) = 9.38, ^ |, Thus, 
Ss in Condition RiR» ex! a greater i 
number of faster error resp than their 
single-response condition cou irts at the 
30-msec. ISI. 


The error data from Condit) RiR, were 
further analyzed by conditi y upon the - 
status (correct response or error) of both 
responses; these data are narized in 


Table 3. Each column in Tabie 3 should 
sum to 384 trials: 32 trials for 12 Ss. In 
fact, however, all columns sum to less than 
384, indicating a small number of trials fot 
which either no response or anticipation 
occurred; such trials were excluded from 
analysis, The most striking finding show? 
in Table 3 is that errors occurred in pairs, 
ie, given that either Rı or R, was incor- 
rect, it was more probable that the remam- 
ing response was also incorrect. 

Finally, a sensory confusion analysis was 
performed with first and second stimuli clas 
sified as either im or out dependent upon 
their physical location, eg. out dn M 
out. Thus, a 2 X 2 matrix could be formed 
for RT; in Conditions RR, and Ri and 
RT; in Conditions RıRa and —R,; Sı iol 
formed the rows and Ss in-out formed the 


TABLE 2 


SUMMARY OF ANALYSES OF VARIANCE: ERROR FREQUENCY 


rect comparis 


ween RT: and RTs revealed 
the form of 


^ two-factor interaction to be 
- the same for h first and second responses. 
These data tt support a common basis that 
underlies both RT: and RT» double-stimulation 
effects, since comparison of first and second 
- Tésponse latencies (Figure 1) reveals highly 
similar functions whose main difference is the 
airly constant elevation of RT: relative to RTs. 
tency to second responses was longer than 
ney to first responses. This illustrates a 
ane limitation in human information pro- 
€ssing that is exploited in double-stimulation 
S because S-R: contains two bits of infor- 
e While SR: contains only one bit. 

to us Fabio stimulation conditions, latencies 
$ NER it decisions have been generally ob- 
Bone bit ` exceed latencies resulting from a 
ae ecision, The reversal of this ordering 
er double-stimulation conditions supports 


laten, 


First responses Second responses 
Source df Expected MS 
MS F MS F 
Conditions 1 23.01 ^ 5,78* 22.52 5.10* 192C + 16C + 12R + 4SR. 
Order (O) 3 6.80 1.71 7.20 1.63 960 + 16S + 12R + 4SR 
€ x 0 (CO 3 15.45 4.00* 11.93 2.70 48CO + 16S + 12R + 4SR 
ISI (1I) 3 70.53 | 49.85** | 60.75 | 31.65** | 961 + 41S +31R + ISR 
C XI (CI) 3 2.87 2.03 1.09 0.57 48CI + 4IS + 3IR + ISR 
OXI(OU) 9 4.05 2.86* 4.55 2.37* 2401 + 41S + 3IR + ISR 
CxO I (Co! 9 2.61 1.85 4.03 2.10 12COI + 4IS + 3IR + ISR 
Subjects /C( 16 3.87 W200 4,43 5.14** | 16S + 4SR 
Replication R) 24 85 1.15 .85 0.98 12R + 4SR 
IS/CO (IS 48 1.39 227** 1.84 2.46** | 41S + ISR 
IR/CO (R) 72 .64 1.05 .82 1.15 SIR + ISR 
SR/CO (S: 48 74 .86 4SR 
ISR/CO (! 144 .61 45 ISR 
=} $00. 
columns of four confusion matrices, a serial mode of processing in which some of 
Four separat: .^alyses of variance failed to the Si-R: load is reflected in RTs. While such 
reveal signifi. row or column effects for à tenet has long been a cornerstone of single- 
either RT, « T, for Conditions R;R,, Fs Channel theory (eg, Broadbent, 1958; Wel- 
(1, 11) < p 05: -Ra Fs (1, 11) ford, 1952), especially as derived from experi- 
«391 b> É R V F ^ 11 Z 4.16 ments using Condition R:Rs, this finding also 
< 05 di k F 1s, Fs (1, 11) € 4.16, holds for single-response conditions, i.e., Con- 
pes 0» 3 ore, these data are not dition —Rs latencies exceed those of Condition 
Presented, Ri. Single-channel theory predicts no RT: 
Di. 1 delay in Condition Re (Herman & Kanto- 
Edd - witz, 1970), but this prediction is rejected by 
Results terio to support the unitary as- present data. A model of response conflict 
sumption of sponse conflict theory. For 
Ex EM second respete signitan in- TABLE 3 
tons betwee conditions ani were 
i 4 * + CONDITIONAL ANALYSIS OF CORRECT AND ERROR 
Obtained for R nd RT. Furthermore, di- ~ RESPONSES FOR CONDITION R;Rs, EXPERIMENT I 


ISI 
Response Status ; 
30 60 120 | 240 
N 258| 303) 333| 354 
Ri Correct 652 |. 591} 570| 634 
R: Correct 802| 742| 660| 657 
N 5 8 Dens: 
Ri Correct 488 | 511] 789 | 639 
Rs Error 653| 635| 871 | 651 
N 5 3 2 3 
Ri Error 516 | 681| 425 | 447 
Ra Correct | 1,065 | 1,147 | 515 | 612 
N 109 55} 21 1 
Ri Error 656 | 718| 840| 707 
R: Error 761| 836| 885| 781 e 
zN 377} 369| 365 | 373 .— 


Note, N indicates the number of trials for which a particular ~~ 


response combination (Ri-Rs) occurred. Mean latencies are i 


milliseconds. 
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such as that suggested by Kantowitz (1969) 
is consonant with present data. 

Comparisons between present data and those 
of Herman and McCauley (1969) raise ques- 
tions concerning the applicability of their dis- 
tinction between partially and wholly incom- 
patible response tendencies to double-stimula- 
tion effects. The present data show greater 
RT: for single-response conditions only for the 
shortest (30-msec.) ISI, whereas Herman 
and McCauley obtained an elevation of RT: 
for ISIs of 30, 60, 90, and 120 msec. Further- 
more, present data obtained for an ISI (240 
msec.) greater than any tested by Herman and 
McCauley revealed significantly greater RT: 
for the double-response condition, an outcome 
that directly contradicts predictions based on 
wholly incompatible vs. partially incompatible 
response tendencies. Thus it is possible that 
their finding is better explained by the condi- 
tional uncertainty of S:-Re given S:-R: being 
zero in their study, since the distinction be- 
tween partially and wholly incompatible re- 
sponse tendencies should apply equally well to 
the present study when Conditions R:R: and 
R:- are compared. 

When latencies to second responses are 
compared, present results do not agree with 
the bulk of data showing greater RT for a 
double-response condition relative to a single- 
response condition. Present findings are in 
agreement with those of Davis (1962), who 
found no added RT: increment due to either 
the presence of S: or the requirement of having 
to report on the nature of Sı (after R: had 
been executed) for his regular ISI condition. 
The report paradigm used by Davis (1962) is 
similar only to a Condition R:Rə design be- 
cause although two responses were required, 
the report was not required until after R» In 
‘his earlier study, Davis (1959) used stimulus 
certainty for both Sx-R: and S:-Rs, so that the 
present procedure which used stimulus uncer- 
tainty for both Si-Rs and SR: is more com- 
parable to the later Davis experiment. Simi- 
larly, Kay and Weiss (1961) also used stimu- 
lus certainty. While Smith (1967b) clearly 
compared Conditions R:Rs and —Rs, her S:i-Ri 
was a c-reaction that is not directly comparable 
to the present b-reaction. Nickerson (1967) 
used Condition R:Rs (Experiment VI), but 
in his Condition -Rə (Experiment IIT) S: did 
not serve the same function as S: in Condition 
RiRs, while in another Condition -Ra (Experi- 
ment I) Ss and Rs had different functions 
than in Experiment VI. Thus, his finding of 
greater RT: for Experiment VI relative to 
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Experiment I can be attributed cit 
additional response requirement ix į 
ment VI, or to the requiremen: : 
information from both S: and : 
processing could precede S: in | 

I; this confounding precludes tie 
parisons with the present d: 
the exception of Smith (19675; 
lished experiments have com: 
RR: and -Rə directly, und 


> that Rs 
"xperiment 


stimulus-response uncertainty Vhile the 
present data showed no latency ences for 
single- and double-response ons, this 
may have been achieved at : nse of a 
significantly greater number oí esponses 
for the double-response group. can trade 
off speed and accuracy in doubl lation as 
can be done for single stimula ial error 
rates might have resulted in RT: for | 
the double-response group. 1 «sent find- 
ing of an interaction betwee 1 Ss may 
be due to different speed criteria 


adopted by different Ss despi' 


i structions 
stressing speed of response. ;eed-accu- 
racy trade-off effects have bec »onstrated 
in double stimulation by Knig Kantowitz 


dies cited 
risons cam , 
e that dif- 

selves suf- 
for single- 


(in press). Since none of 
above reported error data, no 
be made. However, it is also ; 
ferential error rates are not b 
ficient to explain the equal late: 


and double-response groups double-re- 
sponse group might still exhib igher error 
rate but shorter correct respons: latencies if 
R: and Re were made more di inable. The 


next experiment tests this poss: lity. 
EXPERIMENT ÍT 
The aim of Experiment I was to compare 
the logical relationships exp d in Table 


1. However, any one experiment neces 
sarily confounds to some degree the imple- 
mentation of Table 1 (e.g., S-R mappings 
uncertainties, etc.) and its structure. The 
following experiment retains the logic 
structure of Table 1 but alters the Sı-Rı 
uncertainty in hopes of providing a converg- 
ing operation by which effects of this struc- 
ture may be examined. 


Method 
females 


Subjects. Thirty-six undergraduate 

were randomly assigned to Conditions RiRe Rr 
and -R4 of Table 1; they participated to satisfy 
course requirements in introductory psychology 1 
the fall of 1972. 


apparatus was identical to that 
* I with the addition of two 
nps behind green bezels. One 
ove the midpoint of each pair 


- Apparatus. The 
used in Experi» 
-12-v. incandescer 
lamp was moun? 
of neon lamps. 
Procedure. C 
ing signal, one 
minated. The 
“neon stimulus |^ 
"selected. As in 
the remaining | 
“procedural det: 
"sequences, wert 
Thus both Sı- 
information, 


nt with the auditory warn- 
he two green lamps was illu- 
indicated from which pair of 
(left or right) Sı would be 
riment I, Se was chosen from 
{£ neon lamps, All remaining 
including the exact stimulus 
ical to that of Experiment I. 
d SR. yielded one bit of 


Results 


As in Ex; 
based on the 


nt I all analyses were 
32 trials in a block and 
unless othery ated, were based on cor- 
"rect respons: y. Trials on which RT 
"was less tha i0 or greater than 2,000 
msec, occurr ite infrequently and were 
excluded fron lysis. 

RT to first "lus... The dotted lines in 
Figure 3 sh nean RT, for Conditions 
RiR and R A four-way analysis of 
variance with | «o between-S factors (condi- 
lions and orc and two within-S factors 
(ISI and 8-tri < blocks) conducted on dou- 
ble-stimulatio s revealed significant ef- 
fects of only lition, F (1, 16) = 19.09, 
€ 001, and ks, F (7, 112) 29.64, p 
ctions reached the .10 
ince. Dunnett tests were 


For Condition RR all 
double-stimulation blocks were significantly 
elevated relative to the single-stimulation 
block, ds (44) > 7.81, p <.005, For Con- 
dition R,-, only the 30-msec. ISI differed 
trom the single-stimulation control block at 
‘the .05 level of significance, d. (44) =2.68. 
F. RT to second stimulus. The solid lines 

Ln Figure 3 show mean RT; for Conditions 

TSR: and -R& A four-way analysis of 
Variance similar to that conducted for RT; 

ata revealed significant main effects of 
pndition, F (1, 16) = 11.32, p < .005; ISI, 

(a iH 48) = 7.09, p < 001; and blocks, F 
Fite 2) =15.17, p < .001. The two-factor 
f G ee between blocks and conditions, F 

112) = 609, p < 001, and the three-fac- 
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Jo eo 120 240 SS 
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Ficure 3. Mean reaction time as a function of 
ISI for all response conditions. (Solid lines indi- 
cate RT: and dotted lines RT.) 


tor interaction of Blocks X Conditions x ISI, 
F (9, 336) = 1.94, p < .05, were also signifi- 
cant. The interactions with blocks indicate 
relatively greater latencies for earlier blocks 
and shorter ISIs for the double-response 
Condition RR. 

Dunnett tests for Condition RıRə re- 
vealed double-stimulation latency at all ISIs 
to reliably exceed single-stimulation RT, 
ds (44) 27.24, p< .005. For Condition 
-Rə only the two shortest ISIs differed 
from the single-stimulation control block, ds 
(44) 2 3.09, p « .01. 

Comparisons with RT. A conservative 
and a liberal five-way analysis of variance, 
comparable to those performed for Experi- 
ment I, were conducted. Results were simi- 
lar for both analyses and the conservative 
analysis revealed that second-response la- 
tencies reliably exceeded first-response la- 
tencies, F (1, 32) = 17.29, p<.001. The 
interaction between ISI and response was 
also reliable, F (3, 96) = 4.02, p < .01. The 
Response X Condition interaction was not 
significant (F < 1.0) for either analysis of 
variance. 

Error data. Error rates were quite low 
for both first and second responses and did 
not decrease as a function of ISI (Fs< 
1.0), However, for first responses, signifi- 
cantly more errors were made for the dou- 
ble-response group (.29 mean errors/block) 
than for the single-response group (.08 


mean errors/block), F (1, 11) =7.14, p< 


05. This finding also held for second re- 


sponses (.57 mean errors/block vs. .20 
mean errors/block), F (1, 13 = 15.41, 
p<.0l. As was true for Experiment 
I, the interaction between ISI and Ss was 


- significant at the .001 level for both first 


P 
Let 
Y 


| 4). 


and second responses. Error latencies were 
not analyzed since even at the shortest ISI 
some Ss made no errors. 

The error data from Condition R;R» were 
further analyzed as in Experiment I (Table 
Since all error rates were quite low 
these data need to be cautiously interpreted. 
Neyertheless, contrary to findings of Ex- 
periment T, errors did not occur in pairs. 
Knowledge that one response was incorrect 
provided no information concerning the 
status of the other response. 

Comparisons between experiments. It 
will be recalled that the single difference 


/ between Experiments I and II was the un- 
- certainty of Sı-Rı : two bits for Experiment 


T and one bit for Experiment IT. The un- 
certainty of Sa-R» was one bit for both ex- 
periments. Although both Figures 1 and 3 
generally exhibit the monotonically decreas- 
ing RT functions expected in double-stimu- 
lation studies, the interaction between ISI 
and response condition (single or double 


TABLE 4 


CONDITIONAL ANALYSIS OF CORRECT AND ERROR 
RESPONSES FOR CONDITION RıR2, EXPERIMENT II 


ISI 
Response Status 
30 60 120 | 240 
N 337 339 | 339| 338 
Ri Correct 771| 730| 730| 754 
Ra Correct | 1,041] 987] 911 859 
N 6 5 12 7 
Ri Correct 909| 762| 709| 765 
Ra Error 1,470 | 1,086 | 1,056 | 955 
N 17 20 20 26 
Ri Error 1,149 | 1,283 | 860 | 1,111 
Rs Correct | 1,427 | 1,395 | 1,052 | 1,263 
N 13 9 4 1 
Ri Error 723 | 908| 863| 266 
R: Error 805 | 1,085 | 1,027 | 140 
IN 373 | 373| 375| 372 


Note. N indicates the number of trials for which a particular 
responsexcombination (Ri-R2) occurred. Mean latencies are in 
milliseconds. 
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TABLE 5 


Mean Reaction Times (RT) F4 
Iann Il 


EXPERIMENTS 


Response conditions | (s HET 


RT; 
Ri- 642 
RiRe 626 
RT: 
-Rs 735 
Rika 721 


Note. Mean reaction times are in miti: 


response) obtained in Figure 
in Figure 3. Furthermore 
differences were found betw 
double-response conditions ! 
Experiment II found RT to 
greater in the double-respo: 
both first and second respons 
finding is more typical, 
in interpreting prior stu 
been noted in regard to E 
more direct comparison of bo 
is presented in Table 5. Ni 
ing data over ISI ignores th 
teraction found in Experim« 
analyses of variance were 
RT; and RT»; these analyses 
entirely appropriate since t! 

were conducted in successi 
terms, so that the populatio 
Ss were drawn may not be 
RT; the significant Experiment 
Condition interaction, F (1, 32) =9 
< 01, is of greatest interest; other 
actions significant at this level were E 
ment X ISI, Response Condition X^ 
and Experiment X ISI X Response 
tion. For RTs the Experiment X Re 
Condition interaction was also signiit 
F (1, 32) =7.39, p < 01; other signiit 
interactions were Experiment X ISI Ų 
.05) and Experiment x ISI x Respo 
Condition (p<.001). The finding? 
Condition RRs of a decrease in both 3 
and RTs between Experiment I andi 
periment II is virtually impossible t9) 
plain within the context of any © 
model of double stimulation. Since 
was a one-bit task in Experiment IL 3 
two-bit task in Experiment I, RT shoul 


may m 
experimg 


DOUBLE 
b 

P faster for Experi: 
«may be due to ti 
| third experimen 
Pin SiR, was cc: 
group of Ss. 


ExrerrmMent III 


at L Since this finding 
erent populations, a 
t varied the information 
lucted within the same 


| Method 


Subjects. Twelv 
the student empl 
| of Oregon. T 
Apparatus. 

present stimuli 
| tion dots were pri 
remote oscilloscope. 
entation of an eq 
| fixation dot, 

Procedure. Six 
each of two indepe: 
four fingers of 
cluded) to operat 
‘the others used 
both hands, A 6 
counterbalance a 
tion and five ISI 
for each group. 
dition RiRs. On 
| each block, a box 
| two right fixati 
Set of two stimul 
lected. As in the ; 
Pair was selected 
Atrial consisted oi 
Simultaneous white 
Via headphones for ! s 
trials on which a | 

sec. so that box 
Were simultaneou: 
Signal offset to S 
stimuli, A correc! 
tlus diamond, Tw. 
splay including the f 


emale Ss were obtained from 

t service at the University 
e paid $1.50/hour. 

^15 computer was used to 
cord responses. Four fixa- 

ted in a horizontal line on a 
imulus onset was the pres- 
ral rhombus centered on a 


were randomly assigned to 
it groups. One group used 
preferred hand (thumb ex- 
four response keys while 
idex and middle fingers of 
j Latin square was used to 
timulation control condi- 
60, 120, 240, and 480 msec. 
' Ss were tested only in Con- 
indom half of trials within 
s drawn about the two left 
lots. The box indicated the 
m which Si-Ri would be se- 
evious experiments, the Sz-Rs 
u the opposite side. 
he onset of the fixation dots, a 
e warning signal presented 
, and the box onset for those 
opeared. Box duration was 
set and warning signal offset 
A mean foreperiod (warning 
et) of 2 sec. preceded the 
onse extinguished the stim- 
c. after Sa onset the entire 
ae ‘ation dots was blanked out. 
next warning nal appeared 1 sec. later. 
Each block consisted of G8. trials. The first 4 


trials of each block were considered practice trials 
and not scored, 


Results 


oe effect of hand (one or both) was ob- 
‘iD ed for either dependent variable, Fs (1, 
ad i 1.0, and no interaction between hand 
50 | power variable was significant at the 
d o i thus, data were pooled over this 

able in Figure 4, which displays RT: 
.2asa ruo of ISI and S;-R; in- 

3 . ith RT, as the dependent 
poe effects of ISI, F (4, 40) = 3.25, 
399 4. SR; information, F (1, 10) = 

™ P X 001, and their interaction, F (4, 


í 
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40) =8.94, p<.001, all were significant. 
With RT. as the dependent variable the 
same pattern of effects emerged with ISI, 
F (4, 40) =49.6, p <.001, S,-R, informa- 
tion, F (1, 10) = 39.3, p < .001, and their 
interaction, F (4, 40) =9.64, p< .001, also 
being significant. For RT; a comparison of 
the single-stimulation control data and dou- 
ble-stimulation data by Dunnett tests re- 
vealed significant differences at all ISIs, ds 
(50) 2 3.62, ps « .01. For RT» this com- 
parison also revealed significant differences 
at all ISIs, ds (50) > 5.89, ps < .01. 

A similar analysis was conducted for stan- 
dard deviations about mean RT. Results 
are shown in Figure 5. Effects of S,-R, 
information, F (1, 10) = 29.2, p < .001, ISI, 
F (4, 40) — 3.39, p « .05, and their inter- 
action, F (4, 40) = 3.43, p < .05, all were 
significant. While the correlation between 
RT and standard deviation often obtained 
can explain much of Figure 5, note the rise 
in standard deviation at the 480-msec. ISI 
compared to RT; at this ISI (Figure 4) for 
which no such increase was obtained. Dun- 
nett tests comparing the single-stimulation 
control condition with double-stimulation 
conditions revealed significant differences 
only for the 30- and 480-mesc. ISIs for 
S:-R; information equal to one bit, ds (50) 
> 3.33, ps<.01. For two bits of S,-R, 
information all differences between single- 
and double-stimulation conditions were sig- 


1200 


(msec) 


228115 
vn ol Bit 
400 E i +- 

3060 120 240 480 S.s. 
ISI (msec) 


Ficure 4. Mean reaction time as a function of 
ISI. (Solid lines indicate RT: and dotted lines 
RT. Open circles refer to one bit of Si-R; un- 
certainty and closed circles to two bits of Si-Ri 


uncertainty.) 
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Ficure 5. Standard deviation of reaction time 
as a function of ISI. (Solid lines indicate devia- 
tion about RT» and dotted lines about RT:. Open 
circles refer to one bit of Si-R: uncertainty and 
closed circles to two bits of S;-R: uncertainty.) 


nificant except for the 240-msec. ISI (ds > 
3.55, ps < .01). 

For standard deviation about mean RTs, 
means for one- and two-bit S;-R; loads and 
for ISI did not differ significantly, F (1, 
10) 21.10, and F (4, 40) = 1.83, both ps 
2.05, nor was their interaction significant, 
F (4, 40) —1.20, p>.05. These results 
are in contrast to the findings for standard 
deviation about RT; displayed in Figure 5. 

Error data. Analysis of errors, compara- 
ble to those of Experiments I and II, is 
presented in Table 6. The pattern of error 
data obtained in the previous experiments 
was replicated. With two bits of S;-Ri 
information errors occurred in pairs, while 
with one bit of information error rates were 
considerably lower. There was a suggestion 
that errors which occurred in pairs showed 
longer RT than either single errors or cor- 
rect responses. Again, the small number of 
response pairs containing only one error de- 
mands caution in interpreting this result. 
However, if such is the case, the conditional 
analysis of error data presented appears 
preferable to pooling all correct responses 
and all error responses into two (rather 
than four) categories. 


Discussion 


Results of Experiment III show that the 
.earlier comparison between Experiment I and 
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II for Condition R:R2 can be dis 
RT: and RT: are greater for two : 
uncertainty than for one bit of 
The interaction obtained for RT 
and S:-R: information is simil 
by Karlin and Kestenbaum ( 
been previously discussed in some « 
towitz, 1974) such an interaction 
sponse processes as the locus ot 


effects. Of more interest for pres purposes | 
is the similar interaction betw: SI and} 
S:-R: information also obtained fov ~T: (Fig-] 
ure 4). Such an interaction was »btained 
by Karlin and Kestenbaum for R1 he pres-_ 


ent experiment differs from th in two 


major procedural details. First, was pre- 
sented in a blocked rather tha idomized 
fashion. The similarity of RT: in both 
experiments argues that this wa a crucial 
distinction, and indeed refract ects have $ 


been widely obtained without t= poral un 


certainty provided by randomizi: SI (eg 
Bertelson, 1967). Therefore it 2 ; reason- 
able to attribute present finding 1e second 
procedural difference, the short ISIs used 
in Experiment III, especially si ie present 
interaction is due to the three vtest ISIs. 
In discussing RT: effects, He: nd Kanto‘ 
witz (1970) suggested that the k^ function be] 
divided into two components : di »rousal up W 
to roughly 100 msec. and mediai=:i arousal for 
ISIs greater than 100 msec. In direct arousal, 
competing response tendencies :::cciated with 
R: are directly responsible for flict and an 
increased RT: Mediated arouss!, however, 181 


a different process in that competing response 
tendencies are indirectly aroused via stimulus 
generalization and/or response eralization 
from S-Ri Mediated arousal requires some 
time to develop and is based on a previous his- 
tory of temporally juxtaposed S:-R: and S-Ri 
sequences. Present results are entirely com 
patible with this distinction. Furthermore, the 
greater (negative) slope of the RT: function 
with two bits of SiR: uncertainty supports tlt 
prediction of response conflict theory (Kanto: 
witz, 1974) that direct arousal should be 
greater when the Re set is a subset of the M 
set. The parallel functions obtained for I 
exceeding 100 msec. reveal that mediated aro 
sal depends not on the relationship between 
and Re subsets, but only on the repeated col 
tiguity of juxtaposed stimuli and response. | 

The increase in standard deviation abot 


$ 


Ann? eas 


l 
| 
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DOUSLE 
TABLE 6 
Condi TIONAL ANALYSIS OF CORRECT AND ERROR RESPONSES, EXPERIMENT III 
T 
2 ISI 
information Stats 
à 30 60 120 240 480 
One bit 354 352 364 367 370 
Correct 684 651 662 676 660 
; Correct 975 934 856 761 600 
Two bits ; 256 311 349 358 369 
Correct 842 825 156 767 729 
n Correct 1,116 1,075 944 834 648 
One bit 9 13 12 10 10 
Correct 132 679 787 750 459 
f. Error 944 838 941 670 357 
Two bits 10 5 10 9 14 
i Correct. 833 848 800 683 622 
Error 1,082 1,024 862 731 523 
One bit 3 2 0 2 1 
Error 764 489 0 858 490 
d Correct. 1,031 704 0 794 519 
Two bits 2 4 4 2 1 
Error 682 816 956 824 748 
| Rs Correct 1,384 1241 1,450 1,275 535 
One bit 7 6 2 0 0 
à Error 1,571 831 590 0 0 
a . 3 Error 1,281 1,088 1,055 0 0 
Two bits 88 43 12 4 0 
uy Error 729 844 1,049 764 0 
Error 1,185 1,171 1,259 1,051 0 
ZN One bit 373 373 378 379 381 
ZN Two bits 356 363 375 373 384 
amd indicat REC of trialsfor which a particular response combination (Ri-R:) occurred. Mean latencies are in milli- 
Prediction and the implications of this result system has much difficulty resolving temporal 
have yet to be realized. order even at ISIs as short as those in the 


GENERAL DISCUSSION 


The three experiments described above per- 
mit meaningful comparison of RT: and RT: 
effects in double stimulation when the require- 
ments for overt response are manipulated. 
Since the same stimulus sequence was used 
With each study (Experiments I and II) while 
Tesponse requirements varied, differences in re- 
m among response conditions cannot readily 
k attributed to perceptual processes. It is, 
sta a logically possible to attempt to ex- 
in differences between Experiments I and 
dm S due to primarily perceptual processes by 
ae that with one bit of S:-R: information 
hae a concentrate on either the left or right 
ied the stimulus display, thereby minimiz- 
E stimulus confusion at brief ISIs. Hirsh and 
dee (1961), in a now classic study, found 
rect di Lt of 50 msec. was sufficient for cor- 
Thus nnt (95%) of temporal order. 
oes not appear that the visual sensory 


present studies, Furthermore, both RT: and 
RT» delays were observed in all experiments 
at ISIs as long as 480 or 240 msec. Finally, 
Kantowitz (1973), using a R paradigm, ob- 
tained response effects when only one stimulus 
was presented, clearly obviating any explana- 
tion based on sensory confusion. Thus, while 
it is certainly possible to attempt to explain - 
any single study by reference to perceptual or — 
sensory confusion in double stimulation, this 
explanation becomes considerably less desira- - 
ble when several studies are jointly considered. 
(See Kantowitz [1974] for further illustrations — 
of this point.) Therefore, it seems more ap- - 
propriate to interpret the differences between 
one and two bits of S:-R: information to dif- - 
ferent response processes rather than to per- 
ceptual limitations. 

Comparison of Experiments I and II reveals .- 
that the equality of single- and double-response ' 
condition latencies obtained in Experiment I 
cannot be attributed to differential error rates, 


“In Experiment II, as in Experiment I, reliably 
greater error rates were obtained for double- 
response conditions. Nevertheless, in Experi- 
ment II greater latencies were obtained for 
double-response conditions. ^ Therefore, it 
seems appropriate to attribute this difference 
between Experiments I and II to the effects of 
SR: uncertainty. Greater S:-R: uncertainty 
causes an elevation in both RT:.and RT: for 
double-response conditions relative to single- 
response conditions. 

The major purpose of the present experi- 
ments was evaluation of the unitary assump- 
tion of the response conflict model proposed 

by Herman and Kantowitz (1970) and further 
refined by Kantowitz (1974). Similar rela- 

‘tionships obtained between ISI and both RT: 

and RTs in all three experiments were taken 

as support for the unitary assumption. In Ex- 
periment I similar interactions between ISI 
and single- vs. double-response conditions were 
obtained for both RT: and RTs In Experi- 
ment II these interactions disappeared, again 

for both RT: and RT: In Experiment III 

' similar interactions between ISI and Si-R: in- 
formation were obtained, again for both RT: 
and RTs While the present studies as well 
as many other double-stimulation studies (see 

Herman & Kantowitz, 1970 and Kantowitz, 
1974 for reviews) obtained elevations in both 
RT: and RT: relative to single-stimulation con- 
trol conditions, the present findings of similar 

. patterns of interaction or additivity between 

ISI and other independent variables are even 

"stronger support for the unitary premise of the 

esponse conflict model. Since ISI is the most 

salient variable in double stimulation, this pat- 
tern of results suggests that explanations of 

-double-stimulation effects should incorporate 
the unitary assumption. The logical relation- 
ship of the paradigms listed in Table 1 has 

- been empirically confirmed in more than one 

situation, 

- . lt should be noted that the present support 

for the unitary assumption does not necessarily 

favor a response conflict model over all other 
existing models of double stimulation. In par- 
ticular, capacity-sharing models proposed by 

Triggs (1968) and Kahneman (1973) also 

contain some variant of the unitary assump- 

tion. Thus, these two classes of models need 
to be distinguished on other grounds as dis- 

- cussed by Kantowitz (1974). 

— Rabbitt (1969) has shown that error re- 
sponses are useful data in double stimulation. 
The conditional error analysis proposed for 
Condition R:Rs may be superior to presenting 
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means for only correct responses or only 
error responses. The value of t pproach = 
can be better tested when eith uctions 
or payoffs are manipulated to p : greater 
error rates. Such research is ently im 


progress. 
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MAGNITUDE JUDGMENTS AND DIFFERENCE JUDGMENTS 


OF LIGHTNESS AND DARKNESS: 
A TWO-STAGE ANALYSIS: 
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University of Alberta, Edmonton, Alberta, Canada 


The exponent for magnitude estimation of darkness was investigated to deter- 
mine whether its negative value was attributable to an input transformatio: 
or an output transformation. Two groups of 16 Ss judged either lightne 
and lightness differences or darkness and darkness differences of Mur 
grays. Difference judgments were subjected to a scaling solution der 
from the two-stage model of magnitude estimation. For the darkness d 
scale values were related to reflectance by a power function with a p 
exponent, while the exponent of a power function relating magnitude estim 
tion and scale values was negative, a result consistent with a positive inp 
exponent and a negative output exponent for magnitude estimation of dar 
ness, For the lightness data, both input and output exponents were positiv 


Several investigators have found magni- 
tude estimates of a perceptual attribute to be 
related to magnitude scales of the inverse of 
the attribute (e.g., lightness vs. darkness) by 
an approximately reciprocal function. The 
exponents of the psychophysical power func- 
tions for the attributes and their inverse at- 
tributes were approximately equal in abso- 
lute value; however, for the inverse attributes 
values of the exponents were negative. This 
finding has been reported for judgments of 
lightness and darkness (Torgerson, 1960), 
roughness and smoothness (Stevens & 
‘Harris, 1962), loudness and softness (Irwin 
& Corballis, 1968; Stevens & Guirao, 1962), 
and redness and paleness (Panek & Stevens, 
1966). 

The present research was designed to ex- 
amine the locus of the reciprocal relation for 
estimates of lightness and darkness within 
the framework of the two-stage model of 
magnitude estimation. According to the 
two-stage model, a magnitude judgment is 
the consequence of two stages: An input 
stage in which S perceives the magnitude of 
the stimulus, and an output stage in which 
his subjective evaluation is mapped onto 
numbers (Attneave, 1962; Curtis, Attneave 
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& Harrington, 1968). Each s: charac- 
terized by a power transforma: such that 
the exponent of the empirical p function 
represents the product of the « ent from | 
the input transformation and xponent 
from the output transformatio;. That 1s, 
the relation between judged li; s and re-- 
flectance, described by the ex; on 

J =a¢", [1] 
can be redefined as 

Dewar, [2] 


where J denotes a magnitude estimate of the 
stimulus with reflectance $, and ^ and m ate 
parameters of the input and output trans- 
formations, respectively. The coefficient 4 
depends on the unit of the res T > 
Given that Equation 2 describes the stim- 
ulus-response relation for judgments of 
lightness, the negative sign of the exponent 
of the power function for judgments of dark- 
ness could be attributed to either a negative 
input exponent or a negative output ex- f 
ponent. These two alternatives may be ex- 
pressed as 


n = ag” = ag cn, [3] 

and 
Jp = ag" = ap ™, (4 
e of 


where Jp denotes a magnitude estimat 1 
darkness. For purposes of exposition, value 
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abols k, m and m are re- 
j£ Equation 3, in which 
is negative, are that S 
terms of his subjective 
‘ss, that subjective dark- 
| of subjective lightness, 
larkness is mapped onto 
x way as is subjective 
ively, Equation 4 would 
he input transformations 
'tness are the same, but 
S maps his subjective 
ibers that are inversely 
e used in representing 
lhe latter interpretation 
;"pothesis suggested by 
(1962), excepting that 
ved that the value of m 
al to unity. 
ition of darkness does not 
differentiating between 
etations because input 
uts cannot be estimated 
gnitude estimation data. 
i al. (1968) have shown 
ive difference between two 
to the difference in their 
les, input and output ex- 
‘mated from judgments of 
; imuli presented in pairs. 
Curtis and Rule ) subjected judgments 
Of differences in lightness to a scaling solu- 
tion detived from the Curtis et al. develop- 
“ments. The solution yielded scale values for 
“subjective lightness together with an estimate 
a the output exponent m. An estimate of 
E € Input exponent k was obtained by fitting 
EU function to the relation between 
Sale values and physical reflectances. A 
E. function was found to closely ap- 
nos the data. In the present study 
bua S and Rule's analysis was applied to 
E. eae of differences in darkness as well 
| ES The sign of the input exponent 
E Bed from the relation between 
CE = and physical reflectance, while 
Eins the output exponent was ex- 
scale val om the relation between. subjective 
Eu Wes and magnitude estimation of 
“ss for single stimuli, 
Dalyses were also performed to compare 


"numbers in th 
Alt« 


impression ont 
proportional tc 
judged lightne 
is similar to 

Stevens and F 
they implicitly 
in Equation 4 i 


the foregoing in 
and output exp 
separately from 
"However, Curtis 
that if the subj 
stimuli is equiva 
Subjective magn 
ponents can be 

the difference in 
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the fit of the power function, expressed as 
Equation 1, with expressions that include an 
additive constant. Such a constant may be 
incorporated into the power function by 
translation on either the stimulus or the re- 
sponse scale. Evaluation of the different 
forms was made on the basis of which ex- 
pression yielded exponents whose values 
were in closest agreement for lightness and 
darkness judgments, A similar criterion 
was used by Irwin and Corballis (1968) in 
an analysis of judgments of loudness and 
softness. 


METHOD 


Subjects: The Ss were 32 summer school stu- 
dents, who were paid for their participation. 

Apparatus. The stimuli were eight gray papers 
from the Munsell neutral value scale, with Munsell 
values ranging from 2.0 to 7.25 in .75 intervals. 
Their reflectances were .031, .055, .090, .137, .198, 
.272, .362, and .468. 

The viewing apparatus consisted of a plywood 
box with a height, width, and depth of 69.2 cm., 
922 cm., and 92.4 cm., respectively. At the rear of 
the box were two circular holes, 6.4 cm. in diameter 
and separated at their centers by 29.2 cm. Two 
stimuli could be presented by placing one behind 
each hole. The S viewed the stimuli through the 
frame of a stereoscopic slide viewer mounted in 
the front wall of the box. A vertical partition 
extending from the center of the viewer permitted 
the two stimuli to be viewed separately by each 
eye. Constant illumination of 2207 1x. was pro- 
vided on the rear wall by incandescent tubes 
mounted outside the S’s view. The interior of the 
box was flat white with a reflectance of .95. 

Procedure. Sixteen Ss were assigned at random 
to each of two groups. The Ss in one group gave 
magnitude estimates of lightness and estimates of 
differences in lightness magnitudes. The Ss in the , 
other group estimated darkness and differences in 
darkness. Detailed instructions for estimating dif- 
ferences in subjective magnitude have been pre- 
sented by Curtis et al. (1968). In the magnitude 
estimation task a series of eight gray stimuli was 
presented five times, and in the difference estima- 
tion task a series of 28 pairs of the eight stimuli 
was presented three times. Order of presentation 
of the stimuli was random. 


RESULTS 


Estimates of differences in magnitude: In- 
put and output exponents. Scales of light- 
ness and darkness were obtained from judg- 
ments of differences by subjecting geometric 
mean difference judgments to a scaling solu- 
tion derived from the two-stage model by 
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Curtis and Rule (1972). Their scaling 
model may be expressed as 


Jy Vi- Vj)" tec, [5] 


where V; and V; represent scale values for 
the ith and jth stimuli, respectively, m is the 
output exponent, and c is an additive con- 
stant. Inclusion of the additive constant c 
was based on the assumption that Ss' judg- 
ments contain a constant error representing 

- a displacement of the origin on the response 
scale. A detailed discussion of the constant 
is presented later. Scale value V, estimates 
of the output exponent m, and the additive 
constant c were obtained by fitting Equation 
5 to the data by an iterative least squares 
solution. In the solution, each squared 
deviation was weighted by 1/Ji;?. This pro- 
vided a weighting strategy similar to that 
provided by linear least squares solutions 
for a power function applied to logarith- 
mically transformed stimulus and response 
measures. A general description of the ex- 
pressions minimized has been presented by 
Curtis and Rule (1972). The best fitting 
function for judgments of differences in light- 
ness was provided by 


Jig = (Vi — V4)*** + 3.38. 


For judgments of differences in darkness the 
comparable solution yielded 


Jy — (Va — Vy)? + 5.65. 


Positive output exponents are to be expected 
for both lightness and darkness conditions 
because judgments of differences increase for 
both cases with increasing differences in sub- 
jective magnitude. 

. With respect to permissible transforma- 
tions of scale values V the following prop- 
erties hold: (a) The origin of the scale is 
arbitrary; (b) the unit of measurement de- 
pends on the unit for J and, therefore, may 
be considered arbitrary; and (c) the direc- 
tion of the scale is arbitrary (i.e., scale values 
may be multiplied by —1). For convenience, 
the direction of scales for both lightness and 
darkness was obtained as an increasing func- 
tion of physical reflectance. 

The input transformation, the relation be- 
tween subjective scale values and reflectance, 


is provided by 


U = bg, [6] 
where U denotes subjective mo <vitude on 
a ratio scale of measurement ! b is an 


origin of 
pitrary, a 
ding an: 


arbitrary constant. Because 
the obtained scale values V i 
solution for Equation 6 ent: 
origin for V such that 


U=V +d. [7] 
A solution can be obtained ;stituting 
the right side of Equation 7 i in Equa- 


tion 6 and rearranging the ti 
V = bẹ- d. [8]. 


uation 8 
/ the ex-J 
slation of 


A least squares solution f 
simultaneously provides estin 
ponent and the constant d fo 


the origin. Note also that a cal of the 
scale, such that V' = —V, aff he sign of 
b and d but has no effect on t! ponent k, 
the parameter of interest. weighted 
least squares fit of Equation * le values 
from lightness judgments w vided by | 


Vz = 13.716? — 5.1 


> for light- 
8 for scale 
rences also | 
exponent: 


where Vz represents a scale vai 
ness. The solution for Equa 
values derived from darknes 
yielded a function with a posi: 


Vy = 19.1245 — 5.66, 
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where Vp represents a scale value for dark- 
ness. 

Plots of the transformed scale values 
(U — V +d) from the lightness and dark- 
ness conditions against physical reflectante 
raised to the kth power are presented in 
Figure 1, Examination of the plots reveals 
that the least squares fit for both lightness 1 
and darkness conditions provided close 4?" 
proximations to the data. In each case the 
expression accounted for 99.9% of the vari 
ance for scale values. The estimates of the 
input exponent k are similar to each ott 
and compare well with input exponents A 
lightness reported by Curtis and Rut 
(1972). Curtis and Rule's exponents range 
from .34 to .39. : 


2 / 
di. 
yor Lightness 4 Darkness 
ES 
B: " 
g s 
s 
5$ D 
E. 2 
pou ., VE 
| os) ' 12 4 6 8 0 2 14 16 
13,74 19.19 
Figure 1. Sca! cs (U) for subjective light- 


mess and darkness ictions of reflectance raised 
o a power. 
In fitting | ‘on 8 to scale values, 
arameters wet restricted with respect 
sign. That is the best estimate (in 


a least squares s 
for darkness wi 
positive and ne; 


| of the input exponent 
spect to all real values, 

To further explore 
t ) egative input exponent 
for darkness, leas. uares estimates of b and 
U in Equation : vere obtained for fixed 
alues of k rangi ‘rom —2 to 2 in steps of 

A plot of the residual 
. function of k revealed 
jution represented the 
he data, therefore, are 
t hypothesis expressed in 
Equation 4 that ihe input exponent for 
judged darkness i- positive, as is the input 
Exponent for lightness. 

The next step was to determine whether 
Ot not the data also were consistent with a 
Rhegative output exponent. The sign of the 
E exponent obtained from the rela- 
ES etween sformed scale values for 
E (Up) and magnitude estimates of 
En 5 (Ip). By substituting. (1/b)U 
SIS quation 6 for ¢* in Equation 4 the 
tio ing relation between magnitude estima- 

n and scale values is obtained: 
Y Jp =a'Up™, 


only minimum. 
Consistent with 


[9] 


E 4 — ab". Equation 9 indicates that 
5 DM exponent is negative, magni- 
With U NUR of darkness should be linear 
of atch 4 A plot of magnitude estimation 
‘ure 2 cns SS against U^" is presented in Fig- 
tion of ni with a plot of magnitude estima- 
ightness against the comparable ex- 


Pressi + 
“sion for lightness scale values (Ur"). 


The values of m were those obtained from 
fitting Equation 5 to judgments of differ- 
ences. The plot for each set of data is ap- 
proximately linear, indicating that the output 
exponent for judged darkness is negative, 
while the output exponent for lightness is 
positive as expected. 

It should be noted, however, that the lines 
through the data in Figure 2 do not pass 
through the origin as predicted by Equation 
9. Expressions that better describe the em- 
pirical relations for darkness and lightness, 
respectively, are 


Jp =a'Up™ + c, 
and 
Jer aUn c. [10] 


Magnitude estimates of single stimuli: The 
form of the psychophysical power function. 
Geometric means of Ss' estimates of each 
stimulus were obtained for lightness and 
darkness judgments. These data are pre- 
sented in Figure 3 plotted against physical 
reflectance on logarithmic coordinates. The 
systematic curvature in the plot for darkness 
is similar to curvature found in Torgerson's 
(1960) darkness data, and usually can be 
found in data from magnitude estimation of 
an inverse attribute (e.g., Panek & Stevens, 
1966; Stevens & Guirao, 1962; Stevens & 
Harris, 1962). 

Systematic curvature in the log-log plot 
may be eliminated by introducing an addi- 
tive constant, Ekman (1959) and Stevens 
(1959) proposed the use of the expression 


J=a($ —¢)", 
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Ficure 2. Magnitude estimation of lightness and 
darkness as functions of scale values (U) raised 
to a power. 
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in which the constant c was interpreted as 
a threshold parameter, An alternate ex- 
pression 


J=ag" +e [12] 


= was used by McGill (1960) who interpreted 
€ as a displacement of origin on the response 
- scale, An expression formally the same as 

Equation 12 has been used by Fagot and 

Stewart (1968) and by Jameson and Hur- 
- vich (1959), where c was interpreted as a 
threshold or adaptation parameter. 

The power functions expressed as Equa- 
tions 1, 11, and 12 were fitted to the data 
by an iterative least squares solution ap- 
plied to untransformed stimulus and re- 
sponse measures, In the solution, each 
squared deviation was weighted by 1/J?. 
Estimates of parameters in Equations 1, 11, 
and 12 are presented in Table 1. The ab- 
solute values of the exponents for lightness 
and darkness were in closest agreement for 
Equation 12. Least squares fits of Equa- 
tion 11 yielded an exponent for darkness 
that is approximately two times as great 
as the lightness exponent. Furthermore, 
the constant c from fitting Equation 11 
to the darkness data is negative, which 
would seem inconsistent with its interpre- 
tation as a threshold parameter, These 
findings agree with results obtained by 
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‘1 is a special case of Ec 


Trwin and Corballis (1968). 
the same absolute value of th: 
loudness and softness when a : 
stant was included in the : 
and they also found that i! 
Equation 11 was negative !. 
The three estimates of th 
lightness in Table 1 are simi? 
are large differences among 
for darkness. This is in lin« 
degree of curvature in the pi li 
presented in Figure 3. Bex 


for c— 0, the three expres 
expected to have similar ex; 
is close to zero and, conseq 
rithmic plot is almost linea: 
when the constant is very 
zero the plot would be cv: 
differences would be expect 
mates of the exponent from: 
pressions as illustrated bs 
data. 

It should be noted that w! 
constant c in Equation 12 is 
tion 4 is expressed as 


J= agt oT, 


Substituting (1/b)U from ! 
$" in Equation 13 yields th: 


Jp — a/Up" + « 


the loga- 
rnatively, 
vent from 


tion 6 for 
pression 


which is the empirical relation presented 
Equation 10 to describe the r 
magnitude estimation of darkness 4 
values for darkness. A comparable intr 
duction of an additive constant in Equati 
2 also yields the expression for the empiri 
relation for lightness (Equation 10). 


Discussion 


The data are consistent with the hypothes 
expressed as Equation 4, that for magniti 
estimation of darkness the input exponent 
positive and the output exponent is negati 
It appears that when S estimates dar! 
magnitudes he evaluates the quantitative 
tions among the stimuli in the same way 
when estimating lightness, but he employs 
reciprocal assignment of numbers to his 
jective impressions. It seems reasonable 
the same principles also may apply to 
inverse attributes such as smoothness of 
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TABLE 1 


SETER ESTIMATES FROM FITTING THREE Forms or POWER FUNCTIONS TO 
MAGNITUDE ESTIMATES OF LIGHTNESS AND DARKNESS 


Parameters 


Darkness 


of sound, However, some 
semantic opposites actu- 
‘ferent sensory processes, 
Stevens & Stevens, 1960) 
te, For such cases input 
uld be expected to differ. 
erson (1960) found that 
lightness and darkness are 
th a negative slope. It 
or category rating of an in- 
‘her the input nor the out- 
‘cted but, instead, § merely 
ie ends of his rating scale, 
ens (1966) have suggested. 
ovided additional evidence 
onstant translated on the 
equired in the power func- 
'itude estimates to the physi- 
ie stimuli, Only when such 


may ent 
mth and c 
be an ex 


attribute 
L exponent i 
ls to rever: 
Panek and 
data als 


| measures of | 


stant was included were the exponents of 
F functions for lightness and darkness ap- 
»ximately equal in absolute value. An addi- 


Constant appcars to be required in expres- 
MS fitted to difference judgments as well. 
fording to the two-stage model of magni- 
estimation, the product of input and out- 
F exponents, k x m, equals the exponent n 
H magnitude estimation. This prediction 
confirmed in a number of studies in 
k and m were estimated from difference 
ents (e.g, Curtis, 1970; Curtis et al., 
B; Rule, Curtis, & Markley, 1970). In 
"^ case an additive constant was included 
expressions fitted to difference esti- 
Recent evidence (Marks & Cain, 1972; 
& Curtis, 1973) has indicated that this 
relation may not be consistent with 
a when an additive constant is omitted. 
* present analysis of difference judgments, 
tive constant appeared as c in Equation 
mates of k (from Equation 8) and m 


(from Equation 5) yield the product .29 X — — 


2.06 = .59, which is close to the exponent for 
magnitude estimation of .57 (from Equation 
12). Omitting the constant ¢ in Equation 5 
yields 

Jyz Viy)". [14] 


When Equation 14 was fitted to judgments 
of difference in lightness and Equation 8 to 
the resulting scale values, the predicted rela- 
tion no longer held. The products of these 
estimates of k and m was .28 X 1.10 — .31, 
which is less than one half the magnitude esti- 
mation exponent of .66 (from Equation 1), 
It appears, therefore, that an additive constant 
may be required for the product of input and 
output exponents to equal the exponent from 
magnitude estimation, as well as for agreement 
in exponents for magnitude estimation of in- 


verse attributes, 


It remains to be shown whether or not ob- | 
served values for the additive constant have 
any generality. Examination of the values of 
c for the present data suggests that the con- 
stant may be specific to the judgment task, — 
Perhaps it reflects nothing more than the diffi- 
culty the S has in making proportional assign- 
ments of numbers. This possibility is in line 
with Panek and Stevens’ (1966) observation 
that Ss find judging the inverse of an attribute 


more difficult than the attribute in its usual — 


direction, and it seems reasonable that esti- 
mating differences is harder than estimating 
magnitudes of single stimuli, 
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NSE TOPOGRAPHY IN THE ACQUISITION OF 
IFFERENTIAL EYELID CONDITIONING! 


MICHAEL J, ZAJANO anp DAVID A. GRANT? 
University of Wisconsin-Madison 


I ; a criterion that identified that block of eight training trials during 
w * first began to respond more frequently to the reinforced stimulus 


[( than to the nonreinforced stimulus (CS—) identified 55 of 80 Ss as 
if ninators" and permitted comparison of pre- and postdiscrimination 
f y and topography of conditioned responses (CRs) to CS+ and CS—. 
i showed that on prediscrimination trials Vs gave a high frequency of 
( both CS+ and CS—, achieving discrimination by suppressing CRs to 
( l'he Cs initially gave a low frequency of CRs to both CS+ and CS— 
a -ved discrimination by increasing their response rate to CS+. Those 

hanged from predominantly V to C or from C to V topography changed 


t 
f 
t 
The purpo 
study differen: 
graphy of co: 
© the reinforce: 
nonreinforced 
"view to obi 


processes und 
ditioning. Px 


! this investigation was to 
responding and the topo- 
ioned responses (CRs) to 
anulus (CS+) and to the 
imulus (CS—) with a 
ing information on the 
ing differential eyelid con- 
ent frequency of CRs to 
CS+ and CS - has in recent years been 
the response :s;casure predominantly used 
in investigations of single-cue and differ- 
ential eyelid conditioning. Prokasy (1965) 
and Martin and Levey (1969), however, 
Provided exc t summaries of their own 
work and that of others on changes in 
| response topography and came to the 
Conclusion that a far more complete 
_ analysis of response shaping will be re- 
Wired in order to understand the nu- 
Merous processes involved in the develop- 
ment of a "simple" conditioned eyelid re- 
onse to a single CS. The same conclu- 
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ponse bias accordingly. Average topographic features of CRs to CS+ 
A erent from those to CS— even before conditioned discrimination was 
d by differential frequency of responding to CS+ and CS—. The 
indicate that there may be at least four distinct stages in the acquisi- 
i ; the differentially conditioned eyelid response. They involve stimulus 
ke ion, stimulus identification, response selection, and response modification. 


sions should apply to differential condition- 
ing, but with few exceptions (for example, 
Prokasy & Allen, 1969) very little data on 
progressive changes of response topo- 
graphy have been reported in differential 
eyelid conditioning. 

The most complete report of progressive 
changes in response topography during 
differential eyelid conditioning appears in 
Hickok’s unpublished PhD. dissertation 
(Hickok, 1968). Here, data on CR latency, 
the time derivative (rate of closure), and 
the Martin-Levey (1969) efficiency mea- 
sure of CR topography (which is an indi- 
cator of how effective a CR would be in 
avoiding the corneal stimulation of the airs 
puff unconditioned stimulus [UCS]) ares 
reported. Hickok found that, typically: — 
(a) The average latencies of CRs changed - 
relatively little and in an unsystematic 
fashion; (b) the rate of closure was greater 
for CRs to CS+ than for CRs to CS—; — 
(c) when Ss were instructed to blink to” 
CS-+ and not to blink to CS-—, the rate of 
closure to both CS+ and CS— declined as 
differential conditioning progressed; and ~ 
(d) the Martin-Levey efficiency measures — 
increased progressively for CRs to both 
CS4- and CS—. jd 

In order to compare prediscrimination — 
measures of CR. performance with corre- d 


dé 


“sponding postdiscrimination measures in 
this experiment, a rather stringent criterion 
"was developed that identified for each S 
the block of training trials in which differ- 
ential responding to CS+ and CS— first 
occurred and thereafter persisted. This 
Discrimination Block (D-block) was the 
eight-trial block (a) in which S gave at 
least two more CRs to CS+ than to CS—, 
and (b) after which S continued to give 
at least 50% more CRs to CS+ than to 
CS—. The second part of the D-block 
criterion was equivalent to requiring that 
S's CRs yield an index of relative discrimi- 
mation (Restle & Beecroft, 1955) greater 
than 0.2 after the D-block. Like the 
Restle-Beecroft index, identification of the 
D-block in the present experiment was not 
a function of S's overall frequency of re- 
sponding. The D-block criterion was 
based, therefore, on the relative frequency 
of differential responding to CS+ and 
S—. With the D-block thus identified 
becomes possible to compare trends in 
frequency and topography of CRs to CS+ 
and CS— before differential responding 
reveals the existence of conditioned dis- 
crimination with the corresponding mea- 
sures after conditioned discrimination has 
become manifest. Such comparisons of 
pre- and postdiscrimination performance 
may be expected to shed more light on the 
processes underlying S’s achievement of 
- successful conditioned discrimination. 


4 METHOD 


K Apparatus. The apparatus and laboratory were 
similar to those described by Grant, Levy, Thomp- 
Bn Hickok, and Bunde (1967) and Hellige and 
pi Grant (1974a, 1974b). The S sat in an ophthalmo- 
logical examination chair in a soundproof room. 
He faced a rectangular wooden closure painted flat 
- white and illuminated to approximately 6.37 cd/m? 
| Q mL). At the back of the enclosure, approxi- 
mately 120 cm. in front of S, was a 45 X 30 cm. 
ground-glass screen with 10-cm. ground-glass disks 
(not used in the present experiment) on either side. 
The intertrial illumination of the screen was approxi- 
mately 4.77 cd/m? (1.5 mL.). The S wore a plastic 
headset that was originally designed to support a 
welder’s face mask. To the headset was attached 
a potentiometer to pick up the eyelid movement and 
a tubular jet from which the corneal puff (UCS) 
could be delivered. The jet was set about 2 cm. 
from the right cornea slightly below and lateral 
to the eye so that it did not obstruct vision. The 
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UCS, a 13,789.52 N/m? (2 psi) puff of =: 
50-msec. duration, was delivered thr: 
The potentiometer was coupled to 1 
of S by means of a piano wire that was 
eyelid and inserted into a length < 
tubing attached to the shaft of the pote 
a hinged coupling. The voltage acr 
tiometer was amplified and different: 
the eyelid movements (x) and th 
derivative (dx/dt) could be record: 
Instrument Co. Oscillo/riter. 
Conditioned stimuli and procedure 
tioned stimuli consisted of two 
each. One set was made up o 
of mammals: LAMB, DEER, GOAT, anc 
other set consisted of seven-letter n 
SKYLARK, BLUEJAY, WARBLER, and v! 
onomic category and word length w: 
erately confounded. On each trial a i 
eight words, was projected on the 
screen by a Kodak Carousel 850 
equipped with a Gerbrand's G116t 
individual letters of the words pro} 
(visual angle 1.62°) in height with i: 
projected as 10.6—19.6 cm. in lengt! 
The words were visible on the screen fo 
the last 50 msec. of which coincided « 
tation of the UCS on reinforced tri 
eight stimulus words were pres 
balanced sequences, during each sux 
block. For half of the Ss each four 
mammal was reinforced with the air 
other half of the Ss each seven-lette: 
was followed by the UCS. A total o 
training trials were given each S at inter 
from 12 to 36 sec. with a mean of 24 scc. 
to the differential training Ss were tes! 
of discrimination to new sets of wore 
phase of the experiment. Finally, ea 
a questionnaire designed to elicit inforn 
had acquired during the experiment. 4 
Subjects. Thirty men and 50 women under= 
graduates enrolled in introductory chology 4 
courses at the University of Wisconsi: 
received course credit for participation a 
Shad been fitted with the headset, he w: c 
no shock or potential hazard was involved in t 
experiment and that he could communicate wit 
E over an intercom at any time. The door of tht 
soundproof room was then closed and Æ then ri 
the instructions to S over the intercom. The S 
instructed to focus his attention on the rectangu 
ground-glass screen and not to touch any of th 
apparatus on his head. He was told that he was 
remain as detached as possible and not to al 
inhibit his natural eyelid responses. After the fi 
block of 8 trials S was reminded of the instructio! 
This reminder was followed by the remaining ™ 
differential training trials. 


RESULTS 


The results of the experiment will be 
reported in terms of three dependent vari: 
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RE 
able measu: The first measure is fre- 
quency of C's to CS+ and CS— during 
the 80 acy tion trials; a CR being 
defined as sponse which produced a 
1-mm. or x deflection of the eyelid 
pen of the ‘llo/riter between 200 and 
990 msec. CS onset. The other 
measures à erived from the response 
topograph: the CRs. The second 
measure is i» overall classification of each 
Sasa V or is defined by the Hartman- 


Ross (1961 
is related 


erion. The third measure 
e second, but instead of 


being an ox classification of S’s domi- 
nant CR to; phy, it is the trial-by-trial 
first time-c tive of the CR as re- 
corded by t1 rivative pen of the Oscillo/ 
riter. Th: ime constant of the analog 
differentiato: roduced some integration 
of the deri e measure, dx/dt, so that 


the recorde: 
of the rate < 
the responsi 


eflection was a composite 
sure and the amplitude of 


All Ss we- ürst classified on the basis 
ofall CRs as |: or Cs and as discriminators 
or nondiscri:: ators in terms of the criteria 
defined ab Of the 22 Vs, 16 were 
discriminate ie. had an identifiable 
D-block, a 6 were nondiscriminators, 
Whereas of ihe 58 Cs, 39 were discrimi- 
nators and 19 were nondiscriminators. 
Thus there w.s no significant difference in 
the proportion of Vs and Cs who were dis- 


criminators, 


x) = .22. 


Response frequency. In Figure 1 percent 


CRs to CS-- and CS— are plotted for the 
ten successive 8-trial blocks during acqui- 
sition. The upper left-hand panel con- 
tains the data of the V discriminators, and 
the upper right-hand panel contains the 
data of the C discriminators. The lower 
left-hand panel contains the data of the V 
sondiscriminators, and the lower right- 
dod panel contains the data of the C 
TA Iscriminators. The upper two panels 
DA that most of the usual V-C differences 
conditioned discrimination performance 

SS 
Cd Morc defines as Vs all Ss who give 50% 
greater than 5 s derivative. heights 35% of or 
mean derivative of their uncondi- 


tioned 
Classified ac Co to the puff. All other Ss are 
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Ficure 1. Percent CRs to CS+ and CS— for 
successive 8-trial blocks during the 80 differential 
training trials. (Thé upper panels contain the data 
of discriminators; the lower panels contain the data 
of nondiscriminators. The left-hand panels contain 
the data of Vs; the right-hand panels contain the 
data of Cs.) 


were obtained in this experiment. As 
usual the Vs gave more CRs than did the 
Cs, F (1, 76) = 12.45, p < .001. The Vs, 
however, did not differ significantly from 
the Cs in the terminal discrimination score 
(the difference in percentage of CRs to 
CS4- and percentage of CRs to CS— duriag 
the last 24 acquisition trials), t (78) = 1.05. 

'The most novel aspect of Figure 1 is the 
difference between the nondiscriminator 
Vs and the nondiscriminator Cs. The Vs 
show an equal progressive linear increase 
in response frequency to both CS+ and 
CS—, whereas the nondiscriminator Cs 
maintain a fairly constant and low level 
of responding equally to CS+ and CS— 
The V-C difference in the linear compo- 
nents of the response trends over trial 
blocks was statistically significant, F (1, 23) 
—12.22, p < .01, MS, = 5.08. 

Pre- and postdiscrimination response fre- 
quency. Identification of the trial block on 
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which the discrimination index was first 
satisfied (D-block) permits examination of 
- pre- and postdiscrimination performance. 
In Figure 2 are replotted the data of the 
- two upper panels of Figure 1. The upper 
panel of Figure 2 contains the data of the 
E discriminator Cs. The abcissa values for 
— each S have been shifted, using his D-block 
—— (labeled D on the horizontal axis) as the 
"common reference point. Thus, to the 
- right of the D-block are the first, second, 
etc., blocks following the D-block, and the 
abscissa values to the left of the D-block 
are the first, second, etc., blocks before 
the D-block. One aspect of the curves in 
Figure 2 is somewhat misleading. The 
apparent abruptness of the occurrence of 
discrimination suggests that the shift from 
nondiscrimination to discrimination is sud- 
den, but this is in part an artifact of the 
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FIGURE 2. Plots of percent frequency of 

CS4- and CS— with each S’s piels E E 
_ so that the eight-trial block on which he first showed 
differential frequency of responding to CS+ and 
CS— (labeled D on the x axis) is the common 
reference block for all Ss. (Because different Ss had 
‘different D-blocks, the zs are not constant from 

block to block.) 
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stringent discrimination index sed to 
identify the D-block. A Mo: Carlo 
approximation of the acqui Í con- 
ditioned discrimination of C on a 
continuous incremental increas: in re- 
sponses to CS+ and a consta ite of 
responding to CS—* produced similar 
abrupt discontinuity at the D-! in the 
percent responses to CS+ CS-, 
Similarly, the decrease in dis ination 
on the D + 1 block is proba largely 
artifactual as shown by com; le de- 
creases in the Monte Carlo plot: 

The most interesting featur« e data 
as plotted in Figure 2 is th: erence 
between the Vs and Cs in thc: predis- 
crimination performance. Bef: he dis- 
crimination criterion is satisfi show a 
sharp and equal increase in of re- 
sponding to both CS+ and CS There- 
after, the conditioned discrimina: 3 is im- 
proved largely by a gradual deccease in 
responding to CS—. In cont: he pre- 
discrimination performan f t ‘s con- 
sists of a very gradual increa. onding 
to CS+ and CS—, and after :-block 
there is relatively little chang: spond- 
ing to CS—, but there is a « derable 
increase in responding to C* Thus, 
before the discrimination bloc! the Vs 
show their characteristic positive response 
bias by their high frequency of responding 
to both CS+ and CS—, and their dis- 
crimination requires a reduction in the level 


y their 
in the 
yw fre- 


of responding to CS—. The C 
characteristic negative response 
prediscrimination blocks by thei 
quency of responding to CS+ and CS—, 
and their subsequent successful discrimina- 
tion required an increase in response fre- 
quency to CS+. 

Topography of the conditioned response 
and correlated discrimination performance. 
Establishment of the D-block, based upon 
percent frequency of CRs to CS+ and 


*For example, the Monte Carlo model for dis- 
criminator Cs was based on the average values of 
their responses to CS+ and CS— during differential 
training. The probability of a CR to CS+ increas 
linearly from .25 on the first trial to .73 on Trial 64, 
remaining constant thereafter, and the probability 
of a CR to CS— was constant at .25 for all trials. 


v 


RE: 
CS—, pern an analysis of changes in 
| response to) -raphy from the prediscrimi- 
nation tri. to the postdiscrimination 
trials. Su analyses will be reported 
“first in tern. of changes in the average 
F derivative r.sure of their CRs which, as 
mentioned ‘er, combines rate and mag- 
nitude of eve «| closure. 
Most of t~ Ss could be independently 
classified as > or Cs on the prediscrimina- 
- tion trials on the postdiscrimination 
"trials. Wh his was done, it was found 
that 8 of 16 ind 28 of 39 Cs showed the 
same V-C sification on both pre- and 
- postdiscrimi:..:ion trials. (In addition, 2 
' Vs and 4 Cs satisfied the discrimination 


criteria on to frst trial block.) In other 
words, most remained consistent in the 
topography their CRs. Eight Ss who 
i showed pred: ninantly the V topography 
on the predis:-imination trials shifted to a 
predominant! C topography on the post- 
discriminatio: trials, V —> Cs, and simi- 
larly, 5 Ss who gave predominantly the 
C topograph; on prediscrimination trials 
changed to « predominantly V topography 
con the post: -crimination trials, C > Vs. 
Proportiona‘: more Vs changed to C 
topography tan Cs changed to V topog- 
P raphy, x*(1) = 6.71, p < 01. 
, When acquisition curves for the condi- 
tioned dis nation of the 10 consistent 
Vs, the 32 consistent Cs, the 8 V — Cs, 
and the 5 C — Vs are plotted separately, 
there is a definite indication that condi- 
tioned discrimination is acquired in four 
different ways by these four different types 
of Ss. The four sets of acquisition curves 
d plotted in Figure 3. In the upper left- 
and panel are the data of the consistent 
ds in the upper right-hand panel are the 
ie of the consistent Cs; in the lower left- 
gm panel are the data of the V — Cs; 
dar in the lower right-hand panel are the 
e io the e. Vs. In Figure 3 the per- 
PE Rs to CS+ and CS— are plotted for 
n one 16-trial blocks during the differ- 
iuo training. The curves in the upper 
ae of Figure 3 closely resemble the 
Y n. in the upper panels of Figure 1, 
E Se the data of the 10 consistent Vs 
C igure 3 appear among the data of the 
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Ficure 3. Percent CRs of discriminators for 
successive 16-trial blocks during differential training. 
(The upper panels contain the data of Ss whose pre- 
dominant CR topography did not change from pre- 
discrimination trials to postdiscrimination trials. 
The data of consistent Vs are in the upper left-hand 
panel, and the data of consistent Cs are in the upper 
right-hand panel. The lower left-hand panel con- 
tains the data of Ss who were classified as Vs during 
prediscrimination trials and as Cs during post- 
discrimination trials. The lower right-hand panel 
contains the data of Ss who were classified as Cs 
during prediscrimination trials and as Vs during 
postdiscrimination trials.) 


16 Vs in Figure 1, and the data of the 32 
consistent Cs appear among the data of 
the 39 Cs in Figure 1. The slight dispari- 
ties between the curves in the upper panels” 
of Figures 1 and 3 can be accounted for by 
the fact that the curves of the consistent 
Cs and the consistent Vs in Figure 3 are 
not contaminated by the data of Ss who 
changed their response topography. The 
lower panels of Figure 3 show that the Cs 
who shifted to a V topography increased 
their responding to CS+ more rapidly and 
reached higher levels of responding than. 
did the consistent Cs in the upper panel. 
Thus, their performance was a sort of a. 
hybrid of the performances that characte: 
ized consistent Cs and consistent Vs. The 


è 
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C — Vs might be said to have enhanced 
"their terminal discrimination by adopting 
the positive response bias that characterizes 
V performance so as to increase responding 
o CS+, but they continued to be able to 
-avoid responding to CS—. 
The curves of the V — Cs are especially 
‘interesting. The acquisition of responding 
to CS+ is very similar to that of the con- 
sistent Vs in the upper panel, but the curve 
‘of the V — C responses to CS— differs 
markedly from the corresponding curve 
in the upper panel. It would appear that 
the V — Cs started with a very high positive 
“response bias to CS+ and CS—, but as they 
changed their, response topography to the 
C form, they were able to adopt the nega- 
tive response bias of consistent Cs so that 
they could rapidly eliminate responding to 
_CS— and thus achieve an excellent ter- 
—minal discrimination by the last 16-trial 
- block. 
Analysis of those topographical features 
of the CRs that were represented by the 
- magnitude of the recorded derivative dis- 
closed some interesting facts. It was 
possible to obtain mean derivative magni- 
tudes of CRs to both CS+ and CS— on 
trials before the D-block and on trials after 
the D-block, i.e., pre- and postdiscrimina- 
tion derivatives for 12 Vs and 21 Cs. These 
data are presented in Table 1. All main 
effects were statistically significant and 
_ there were no significant interactions. The 
recorded derivatives of responses to CS— 
were significantly lower than those to CS+, 
F (1, 29) = 17.69, p < .001, MS, = 3.49. 
This finding is consistent with the notion 
that CRs to CS— may be more subject 
to inhibition than are CRs to CS+. The 


TABLE 1 


MEAN DERIVATIVE MAGNITUDES OF DISCRIMINA— 
TORS’ CONDITIONED RESPONSES TO THE REIN- 
FORCED STIMULUS (CS+) AND THE NoN- 
REINFORCED STIMULUS (CS—) DURING 
PRE- AND POSTDISCRIMINATION TRIALS 
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atives | 
* than 


fact that postdiscrimination 
to both CS+ and CS— were 


prediscrimination derivatives , 29) 
= 418, p < .05, MS, = 6.1! des alt 
further indication that inh: may fo 
characterize successful discri: «on per- ]t 
formance. Interestingly, ini! re- |] 
sponses to CS— seems also tc e the 


slope of CRs to CS+, pc 
of some generalization of inl 
Not surprisingly, the averax 
of CRs to CS— were i 
than the average derivative 
CS-+ after the D-block, F ( 
p < 01, MS, = 3.14 
prising, however, was ih 
difference between th 
of CRs to CS+ and CS 
tically significant, F 
Ż < .01, MS, = 2.28, b 
nation block, i.e., bef 
crimination was reveale 
frequency of responding 
Consistent with the abo 
who never discriminate: 
D-block criterion gave ( 
had higher slopes than th: 
F (1, 18) = 447, p < .0: 
crimination differences in th f 
CR derivative indicate that +i ere is a stage 
in the learning of a conditioned discrim- f 
ination that is revealed by developing), 
[ 


vatives 
' lower 


Wh: 


:eights 
statis- 
11.20, 
crimi- 

ped dis- 
ential 


differences in CR topography before such) 
discrimination is revealed by differential] 
rate of responding to CS+ and CS—, $0]: 
that this topographic feature may be said 
to be an early, sensitive indicator of.suc-]: 
cessful discrimination. | 

Questionnaire results. While most of the] 
questionnaire data are relevant to the]. 
second, or transfer, phase of the experiment 
and are thus reported elsewhere (Zajano) 
Grant, & Schwartz, 1974), one finding | 
bears directly on the present acquisition | 
results. It was found that the recall 0 
specific words used as CS+ stimuli during) 
the acquisition phase averaged 2.65 (out 
of 4), while recall of CS— words was only) 
2.15. This difference was significant, F Qh) 


DL Vs (n = 12) Cs (n = 21) 
-ential 
stimulus Predis- Postdis- Predis- Postdis- 
d crimination | crimination | crimination | crimination 
—cS+ | 1043 9.81 5.40 4.66 
CS- 8.99 7.90 4.47 3.42 


72) = 6.51, p < .02, and was approxi 
mately equal for Vs and Cs and for dis 
criminators and nondiscriminators. 


DISCUSSION 

The indings, in conjunction with 
ther r ted results, indicate that 
he proc ying the acquisition of the 
ifferen oned eyelid response may 
e quit and may differ from S to S. 
Iowever anges in Ss’ performance 
ppear : derly and progressive. Those 
s who : stable conditioned discrimi- 
lation apy o progress through at least 
our stag h can be distinguished on the 
asis of t Criteria: first, differential en- 
oding of `+ and CS— in terms of the 
jS-UCS « zencies as indicated by S's 
rerbal repo cond, development of differ- 
nces betw he response topographies of 
Ra, to CS | CRs to CS— (Prokasy & 
Mlen, 1969 i third, the development of 
lifferences | frequency of responding to 
S+ ar which evidently is accom- 

nied by chanees in the orienting response 
OR) to CS4- and CS— as reported by 
?utnam, Ross. 1 Graham (1974). 

Stages in Í conditioned discrimination. 
During the í tage, S gives essentially an 
qual freque: i£ CRs to CS+ and CS-, 
Icting as a siie signal detector as in single- 


ue conditio: 
974). Putn: 
he heart. re 


(Ross, Ferreira, & Ross, 
>t al. (1974) have shown that 
deceleration index indicates 
ul ORs to CS+ and CS— at 


The second stage involves differential stimu- 
us encoding. !lere, S encodes CS+ and CS— 
lifferentially in terms of the occurrence of the 


UCS, and such encoding usually occurs quite 
arly when the differential stimuli consist of a 
single CS-- and a single CS— (Prokasy, 
1965). It is likely that when the feature that 
differentiates between CS-+ and CS— is subtle 
xr when CS-- and CS— consist of sets of 
stimuli, such as the sets of four words used in 
the present experiment, progress of S into the 
second stage may be somewhat delayed (Grant, 
1973). During the second stage, differential 
encoding of CS+ and CS— may not be re- 
flected in differential CR performance, because 
availability of such information, even in single- 
cue conditioning, will not suffice to produce 
(P immediate increase in frequency of CRs 
Bun 1965). Similarly, in differential 
E itioning knowledge of the CS-UCS con- 
b: Sencies, whether from information given S 
Noel (Hickok, 1968) or from information 
1973. y S during differential training (Grant, 

A ellige, 1974; Nelson & Ross, 1974; 
SOSS et al., 1974), is not sufficient to produce 
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immediate differential frequency of responding 
to CS+ and CS—. During this stage, how- 
ever, as indicated by the data on CR slope 
here reported, there is some indication of the 
development of different topographies in the 
responses to CS+ and CS—. 

During the third stage, differences between 
the response topographies of the CRs to CS+ 
and CS— continue to develop so that the CR. 
to CS4- becomes more efficient in attenuating 
the noxiousness of the UCS on CS+ trials 
(Hellige & Grant, 1974a, 1974b). Toward the 
end of the third stage, the frequency of re- 
sponding to CS+ begins to exceed the fre- 
quency of responding to CS—, and this change 
is accompanied by habituation of the OR to 
CS—, but not to CS+ (Putnam et al., 1974). 
The habituation of the OR to CS— is indica- 
tive of some selective "ignoring" of CS— 
which, as reported above, may be reflected in 
a reduction in ability, postexperimentally, to 
recall the words of the CS— set. 

In the fourth and final stage, a stable condi- 
tioned discrimination is revealed by marked 
differences in response frequencies to CS+ E 
and CS—. During this stage the OR toCS+ | 
begins to habituate as the OR to CS— had — 
habituated earlier (Putnam et al., 1974). At 
this point the conditioned discrimination be- 
comes a stable “habit,” and S may retain the 
conditioned discrimination without the ability 
to recall which stimulus had been accompanied 
by the UCS (Hilgard & Humphreys, 1938). 

Systematic individual differences in routes to 
conditioned discrimination. The findings of 
the present experiment as shown in Figure 3 
point to the conclusion that Ss who learn a good 
conditioned discrimination when subjected to 
differential reinforcement of CS+ and CS— 


may reach their final terminal discrimination ——— 


by one of four different routes. On the one 
hand, those Ss whose CRs are predominantly 
of the V topography show an initial positive or 
excitatory response bias, responding with rela- 
tively high frequency to both CS+ and CS—, 
They must overcome this positive response 
bias in order to reduce their frequency of re- 
sponding to CS— so as to achieve good condi- 
tioned discrimination. Those Ss whose CRs 
are predominantly of the C topography, on the © 
other hand, show a general negative or inhi- 
bitory response bias, and they must overcome 
this tendency to increase their frequency of 
responding to CS+ in order to achieve good 
conditioned discrimination. In the present 
experiment and in others, most Ss were con- 
sistent in giving CRs which were predomi 


SP 


nantly of either the V topography or the C 
topography. 
- The development of the criterion for deter- 
mining the discrimination block of eight trials 
in which S first showed consistent differential 
- responding to CS+ and CS— permitted com- 
parison of the frequency and topography of his 
- prediscrimination CRs with his corresponding 
postdiscrimination measures. Only 13 Ss 
changed their V-C classification from predis- 
crimination to postdiscrimination trials. The 
patterns of changes in frequency of responding 
to CS+ and CS— for those Ss who changed 
their CR topography showed differential condi- 
tioning trends which were different from those 
of either the consistent Vs or the consistent 
Cs. The Vs who changed to C topography 
- showed initial patterns of responding to CS+ 
and CS— much like the consistent Vs, but 
their frequency of responding to CS — dropped 
precipitously when the response topography 
changed, so that they reached a level of re- 
sponding to CS— much like that of the con- 
‘sistent Cs. The Ss who initially gave CRs of 
the C topography and then changed to the 
V topography showed response frequencies to 
CS+ and CS— which initially were similar 
to those of consistent Cs. With the shift in 
response topography, however, their frequency 
of responding to CS— remained low, but their 
response frequency to CS+ rose rapidly, so 
that it terminated at a level quite close to that 
of the consistent Vs as is shown in the lower 
panels of Figure 3. It appears, then, that a 
change in response topography carries with it 
à change in response bias which affects only 
the frequency of CRs that are not optimal for 
good conditioned discrimination at the time 
of the change in topography, i.e., for predis- 
crimination Vs a reduction in high level of 
responding to CS —, and for prediscrimination 
Cs, an increase in the low level of responding 
to CS+. 
— Mechanisms underlying the reduction of CRs 
to CS—. The processes involved in the reduc- 
tion of frequency of CRs to CS— deserve 
careful consideration. The eyelid CR involves 
little effort, and a good Strategy for S to 
avoid noxious corneal stimulation would be 
to respond at an indiscriminately high rate 
to both CS+ and CS—. Typically, however, 
Ss do not follow this strategy but usually re- 
‘spond with a low frequency to CS— or 
actually reduce their level of responding. One 
or both of two possible mechanisms may play 
a role in the low level of responding to CS—, 
First, selective attention and active processing 
of the words of the CS+ set may have been 
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f lowered 
ing of thel 
pecially 
may be 
nding to 


accompanied by the developmen 
attention and less active proces: 
words in the CS— set. Seco: 
for Vs, some inhibitory proce 
required to reduce the level of : 
the words of the CS— set. 

The two mechanisms, selective 
inhibition, may be interrelated 
pects of the data from the pre 
are consistent with an interpret: 
of either mechanism. The first i 
the words of the CS+ set 
significantly more frequently tha 
CS— set. This could be a di 
selective inattention to words i: 
It is also consistent with the 
hibitory processes developing 
items—inhibitory processes thai 
press eyelid CRs to these w: 


` set. 
n of in-i 

CS 
nly sup- 
but also 


suppress processing of the word elves. 
Some of the systematic chan; ‘he topog- 
raphy of the CRs make attra n inter- 
pretation in terms of inhibit sponding 
fo CS— with some generaii of this 
inhibition to CS+. Accordi nhibition 


e overt 


of CRs to CS— begins to acc: 


frequency discrimination occu "his inhi- 
bition produces CRs of lower to CSS 
than to CS+ before other e e of dis- 
crimination appears. Such inhi 1 of CRs 


to CS— generalizes to CRs to h, as reii 


flected in the lower slopes of : types oM 
CRs after frequency discrimin is mani- 
fested. Selective attention can ily handle 
the overall decrease in CR sloj after fre- 
quency discrimination by postulating a prob- x 
lem-solving set on the part of S, such that the 


overall level of attention is greater before the 
discrimination problem is solved (in terms of 
differential frequency) than after. However, 
a difference in the explanatory efficiency of 
these two mechanisms is seen when the slope 
changes of the present experiment are COT-| 
trasted with slope changes for Vs and Cs in 
single-cue conditioning. In single-cue com 
ditioning, there is no unreinforced cs anc 
hence no need for the development of inhibi- 
tion. Prokasy (1965) found significant pro 
gressive reduction in CR slope with reinforce | 
ments when average intertrial intervals (ITIs) F 
as short as 4 and 8 sec. were used. But suc 
short ITIs should result in considerable reac: ^ 
tive inhibition which would be expected tot 
reduce response slopes. Unpublished data i 
from the Hellige-Grant (1974a, 1974b) ex- 
periments show that, with intertrial intervals 
comparable to those of the present study, for 
Vs there was a significant increase in CR slope © 


RE* 


*, p < .001, and for Cs, there 
out nonsignificant decrease, 
^, p > .05. The single-cue 
^ud Grant are consistent with 
: have a positive or excitatory 


KG 84) -: 
was a slig! 
= F (3, 39) = 
data of Hell: 
- the notion th 


bias, and th: th differential reinforcement 
they acquiri conditioned discrimination 
only by dev: ient of additional inhibition 
of responses t ;— that generalizes to CS4-. 
The selectis ‘tention mechanism would 
seemingly px e nothing about the topog- 
raphies of ( » CS+ during differential 
training, so p nably they should resemble 
the topograp of CRs in single-cue condi- 
tioning, and pes of CRs to CS+ should 
therefore inc: luring differential training. 
Even so, how selective attention remains 
viable as an c ition of the present results, 
because, as P u et al. (1974) found, when 
stable discri: in is achieved, the OR to 
CS+ decreas With such a decrease in 
, active attenti: CS-F, the slope of the CR 
might be exp: to diminish. 
In general, , the present data are con- 
sistent with th ration of either mechanism, 
So that at t, point it is not possible to 


elective attention or condi- 
n explaining the reduction 
ing to CS—. It might be 
cally, that habituation and 
che OR, with its implications 
tion, may also involve in- 


eliminate eith 
tioned inhibi: 
in rate of res 
added, paren:: 
dishabituation 
- of selective a 
hibitory proce 
Finally, it is 
Performance t 
Progress of dey 
discrimination 
In the processe 
Prokasy (196 


obvious that the changes in 

may be observed in the 
ping good, stable conditioned 
'veal numerous complexities 
volved. The suggestions of 
:nd Martin and Levey (1969) 
that analyses of changes in response topog- 
- Tabhy will be necessary to gain understand- 
ing of the processes involved in single-cue 
! conditioning appear to apply equally to the 
- Aestigation of the mechanisms involved in 
illerential eyelid conditioning. 
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REGULATION AND PRODUCTION OF MOVEME: 
EFFECTS IN EXPLORATION-RECOGNITIO? 
PERFORMANCE +: 


G. ALFRED FORSY? 
University of New Hami 


DAVID T. LANDRIGAN ? 


Fordham University 


Active vs. passive conditions for processing information were investiga‘: 

with a procedure involving tactual exploration of a psychophysically 

sioned random polygon followed by a visual recognition test. The inv 

tion sought to establish the existence of separate regulation-of-mo 

and production-of-movement variables underlying the active-passive dist 

tion. The physical dimensions on which perceptual recognitions might 
: made were systematically varied to determine the nature of the rel 
Y between regulation-of-movement and production-of-movement across v 
physical dimensions. The results indicate that regulation-of-movemen 
important variable underlying the active-passive disinction in tac € 
ploration of form. Production-of-movement differences were not eviden: 
An interaction of regulation-of-movement with stimulus dimensions and ç 
duction-of-movement demands the inclusion of a concern for stimuli in fu 
t investigations, and indicates that it is important to consider physical act^ 
for its effect on the cognitive regulation of exploratory movements. 


Gibson (1963) has suggested that the 
dimensions of sensitivity useful in perception 


ment, both active and passive 
duced superior form recognitic: 


ons pro- 


. are those specifying the environment and the Another comparison of the roduced, 
- perceiver's relation to the environment.  self-regulated (active) conditic h the ex- 
— Representative of research programs ad-  ternally-produced, externally-re;\ sted (pas- 
- dressing the perceiver's relation to the en- sive) condition in Gibson's (1-:) studies 
_ vironment are those comparing active and reveals relative inferiority in fo erception 
- passive conditions for perceiving by Gibson for the externally-produced, exter sally-regt- 
~ (1962, 1963) and by Held and his associates lated condition. Gibson (1962, 1963) ob- 

(Held, 1965; Held & Bauer, 1967; Held & served that while movements in a self-pro- 


Hein, 1958, 1963). Gibson (1962) distin- 
guishes between active and passive condi- 
tions for tactual perceiving, defining active 
touch as an exploratory, self-produced, and 
self-regulated scanning. It is possible to con- 
_ clude from this definition that productior is 
. concerned with the physical initiation of 
moyement, while regulation refers to the 
control and direction of the course which 
Scanning movements take. In comparison, 
passive touch is merely receptive, placing 
both the production and regulation of move- 
ment with an external agency. Gibson 
(1962) reported that compared to no move- 


1 The authors wish to thank R. E, Shor, K. L. 
Hartlep, E. G. Hagstrom, and V. P. Patterson 
for their helpful comments. 

? Requests for reprints should be sent to David 
T. Landrigan, Department of Psychology, Fordham 
University, Bronx, New York 19458. 


duced, self-regulated condition never appear 
to be the same twice, neither do they appear 
to be aimless. This observation suggests 
that both the systematic nature of movements 
and the source generating the movements 
may be important. In addition, there is the 
possibility that these variables interact. Re- 
search comparing the active and passive con- 
ditions of form perception has not separately 
analyzed these regulation-of-movement am 
production-of-movement components. 
Interpretation of perceptual adaptation and 
sensory-motor control research by Held an 
his associates has emphasized the importance 
of the production-of-movement variable. m 
example, Held and Hein (1963) and Hel 
(1965) concluded that variation in visual 
stimulation can be effective for percepi 
adaptation and sensory-motor control only 
when that variation is concurrent with a? 
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‘-pendent upon self-produced 
simple and highly pre- 
in this research presum- 

“ably hold co it the regulation-of-move- 

“ment variable. in attempting to assess the 

“necessity of -.- erence and the importance 

of decision n z or regulation for percep- 

“tual adaptat: Veinstein, Sersen, Fisher, 

Land Weising 1964) employed four ex- 

- perimental co: ‘ions: S controls both pro- 

- duction and : ition of movement; S con- 

trols only pro- ion of movement; S con- 

3 trols only reg n of movement; or S con- 

trols neither uction nor regulation of 

- movement, \ tein et al. made the dis- 

tinction betw production and regulation 

-of movement conceptual level, but failed 

to make the \ iction in the analysis of 

‘data. The four :;^oups were treated as four 

“levels of a sin; factor in the analysis. A 

tegrouping of data to maintain the con- 

“ceptual distinct = between production and 

regulation of ement indicates that the 

regulation-of-:: ment variable accounts for 

98.5% of the ^etween-groups adaptation 

variability, Tis, while the studies on per- 

ceptual adaptation have minimized the con- 
founding of the »roduction- and regulation- 

“ofmovement variables, the relative impor- 

tance of each his xot been clearly established. 

Further, the relative importance of these 

variables may he different for form percep- 
tion and perceptual adaptation. 

The major purpose of the present research 

| Was to examine the production-of-movement 

and the regulation-of-movement components 

E the active vs. passive conditions for form 

recognition. A second concern of this study 

p. Whether the additive or interactive na- 

E. of these variables would remain in- 

3 Aa across various physical dimensions 

n which perceptual discriminations might 

a ss , The importance of considering 

j the E. dimensions. of stimulus objects in 

qmd of perception has been emphasized 

1970. El (eg, Attneave, 1957; Garner, 

1 her ibson, 1963, 1966; Stevens, 1951). 

Bened Brown (1967) demonstrated a 
Various nor specifying the utility of 
doma; Physical dimensions for a stimulus 
^ of random polygons. Forsyth (1970, 
"sed this methodology to explore vari- 


"movements, 
"scribed move 
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ables that alter the utility of specified phys- 
ical dimensions. In addition to examining 
the nature of the production- and regulation- 
of-movement variables across physical dimen- 
sions of stimuli to be discriminated, the pres- 
ent study was also designed to examine the 
utility of three physical dimensions for a 
stimulus domain of random polygons under 
the different conditions for perceiving defined 
by these variables. 


METHOD 


Subjects. One hundred and eight women enrolled 
in introductory psychology at the University of 
New Hampshire participated in this study to fulfill 
a laboratory experience requirement. 

Apparatus and stimuli. Stimuli were selected 
from a sample of 200 12-sided forms described by 
Brown and Owen (1967). Eighteen pairs of forms 
were selected so that six exploration-recognition 
problems could be constructed for each of three 
physical dimensions: compactness, jaggedness, and 
x-axis areal asymmetry. The pair of forms for a 
given dimension was selected to insure maximum 
separation of factor loadings of the two forms on 
that dimension, with minimal separation of factor 
loadings on the other two dimensions. Figure 1 
presents exemplars of form pairs emphasizing com- 
pactness, jaggedness, and x-axis areal asymmetry. 
A single exploration-recognition problem consisted 
of the presentation of one form of each pair for 
tactual exploration followed immediately by the 
visual presentation of the two forms for S to select 
the one explored tactually. The form of each pair 
to be presented tactually was randomly selected and 
was constructed from felt textured Contact paper 
mounted on 17.36-cm. squares of glossy-finish ply- 
wood. 

The display apparatus was constructed to per- 
mit both tactual exploration and visual testing. 
Subjects extended one arm through the curtain 
where tactual exploration occurred on E's side of ' 
the curtain. The 17.36-cm.-sq. exploration field was 
coded into a 14 X 14 matrix of 1.24-cm. squares with 
letters A-N designating the 14 columns and num- 
bers 1-14 designating the 14 rows. The coding of 
the exploration field could not be tactually detected 
by S and provided E with a system for controlling 
the precision of exploratory moves. On S’s side 
of the curtain there was a corresponding 17.36- 
cm.-sq. coded reference grid. This grid was used 
by S to designate where she wanted her finger to 
move in self-regulation conditions and by E to tell 
S where her finger was to move for conditions in 
which E regulated the pattern of exploration. The 
S's arm, with index finger extended downward, was 
strapped in an armrest which slid easily across the 
powdered Plexiglas bearing surface. The angle 
of this armrest was adjusted so that S's finger 
would rest lightly on the tactual exploration sur- 
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FIGURE 1. Exemplars of compactness (top 
panel), jaggedness (middle panel), and 2-axis 
areal asymmetry (bottom panel). 


face. A straightedge with an adjustable 90* stop- 
ping edge was used to assure straight-line explora- 
tory moves to designated locations in the coded 
exploration field. A Kodak Carousel projector 
with a tachistoscopic shutter attachment was used 
to project the form pairs on the rearview projec- 
tion screen for a 1/60-sec exposure. The visual 
presentation of the forms was triggered by S press- 
ing a foot lever following the last exploratory 
move. 

Design and procedure, "The main design con- 
sisted of four variables: regulation-of-movement 
production-of-movement, stimulus dimension, and 
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number of moves. Stimulus dime 
peated-measures, three-level v 
forms selected to represent either t 
jaggedness, or x-axis areal asymn 
mensions. The definition of these 
given in Brown and Owen (1967) 
for exploring each tactual form 
the factorial combination of the t! 
tion-of-movement and the two- 
movement variables. The three 
tion-of-movement variable w 5 
asytematic regulation; the two leve! e | 
tion-of-movement variable w 
production. Tactual exploration 
of making a prescribed numb 
moves across the exploration f 
reference grid, self-regulated 
location to which they wish: 
straight-line move. Using the « 
S the location to which she wa: 
straight-line move for other- < 
regulated Ss. Each pattern o 
regulated S was generated by 
regulated S. A random 
computer generated for eac 
tematically-regulated 5, m 
age length and standard devi: 
each form as obtained for selt-r 
domly generated orders specific: 
moves for the asystematical 
the end point of a move had | 
of the regulation conditions, / 
edge extending from S’s finger t 
at the designated point. Each s 
instructed to make a single unhe 
along the straightedge to the ! 
make these moves S slid the 
Plexiglas surface on which it res 
produced Ss, E moved the armresi 
tended finger would move along 
to the designated point. Other 
ceived training and instructions to completely rela 
their arms during these moves. The number © 
moves variable was included to determine if 
were differences in the number of explora 
moves within the range deemed optimal for 
study in pilot work, Each S was allowed eith 
7, 11, or 15 moves for exploring each form: 
Following familiarization with the apparatus ane 
presentation of tape-recorded instructions ap 
priate to her experimental condition, S was B 
practice trials with the procedure using curvil 


1 


defined 
tevel reguli 
oduction: 


1 ove 


Ss; 
nated ima 
i a straights 
ocking : 
luced $ 


g edge 
urest along 


straighted 
luced SS M 


forms. While no records of speed of expla 
moves were obtained, one goal of the practice t E 
ol 


was to set approximately equivalent pacing 2 
ploratory moves for self-produced and other-pt 
duced Ss. After mastering the use of the c 
reference grid and the technique for explorat 
for her experimental condition, each S was të 
on 18 exploration-recognition problems. The stat 
ing point for exploration was the center of the € 
ploration field. Following the first straight 
move, each successive move was begun at the : 


»9ve, where S's finger remained 


point of the las: 
t of the next move was desig- 


—while the end 


nated, A sine jleration-recognition problem 
consisted of (: exploring the single form tac- 
tually with the ovcscribed number of straight-line 


to one of the six experimental 
pressing a switch to view the 
rearview projection screen for 
S's reporting whether the form 
side of the viewing screen was 


moves and acc 
conditions; (b) 
pair of forms « 
1/60 sec; and 
on the left or ri 
- the form explo 


ictually. 
E E 
RESULTS 
A response ın exploration-recognition 
problem was unted as correct when S 


selected the ta 
visually prese 
ber of correci 
dimension w: 
mean number 
mension for « 
illustrated in ! 
Figure 2, the 
' able accounted 
tween conditic 
: 
] 


ily explored form from the 
pair of forms. The num- 
ponses for each stimulus 
orded for each S. The 
rect on each stimulus di- 
experimental subgroup is 
we 2. As can be seen in 
ulation-of-movement vari- 
most of the variability be- 

The mixed-design analy- 
sulted in a statistically sig- 
i-of-movement effect, F (2, 

90) = 11.69, 001. The obtained self- 
| regulation meas: were larger than the ob- 

famed other- and asystematic-regulation 

Means for all combinations of the stimulus 
- dimension and »roduction-of-movement vari- 
- übles However, the direction of the dif- 
ferences in obtained means for the other- 
and asystematic regulation conditions varied 
Across the six testing situations defined by 
the factorial combination of the stimulus 
dimension and production-of-movement vari- 
ables, Further, much larger differences be- 
. tween regulation-of-movement condition 
. Means were obtained for three of these six 
testing situations (self-produced, compact; 
other produced, jagged; other produced, 
isymmetric) than for the other three (self- 
CON jagged ; self-produced, asymmetric ; 
SaR produced, compact). The analysis of 
E confirmed the three-factor interac- 
E the regulation-of-movement, produc- 
Er xenent „and stimulus dimension 
2%) , apparent in Figure 2, F (4, 180) = 


Vy Op. Se 


sis of variance 
-nificant regula: 


—— 


D P <.05. Accordingly, simple main ef- 
ERA for the regulation-of-movement 


* at specific levels of the production- 


ot-m $ E T : 
‘ovement and stimulus dimension vari- 
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ables and a Newman-Keuls procedure 
(Winer, 1971) were used to examine the 
nature of the qualified regulation-of-move- 
ment effects. While self-regulation of moves 
was superior to either other or asystematic 
regulation when Ss were tested on compact- 
ness exploration-recognition problems with 
sel-produced movements (p < .01), other 
and asystematic regulation of moves were not 
different (p>.05). This regulation-of- 
movement effect on compactness problems 
for self-produced Ss was significant, F (2, 
270) = 6.13, p «.001. Performances on 
jaggedness problems with other-produced 
movements were not different for self- and 
other-regulated Ss (p > .05), but both of 
these groups had significantly higher means 
on the jaggedness problems than did the other- 
produced, asystematically-regulated group (p 
< .01). This regulation-of-movement effect 
on jaggedness problems for other-produced 
Ss was significant, F (2, 270) = 601, p< 
001. On asymmetry problems with other- 
produced movements, self-regulation of 
moves was superior to other regulation (p < 
.01), which in turn was superior to asys- 
tematic regulation (p < .01). This regula- 
tion-of-movement effect on asymmetry prob- 
lems for other-produced Ss was significant, 
F (2, 270) = 846, p < .001. No regula- 
tion-of-movement effects were found for self- 
produced Ss on jaggedness and asymmetry 
problems, nor for other-produced Ss on com- 
pactness problems. 

The differences between experimental con- 
ditions as a function of the production-of- 
movement, stimulus dimension, and number . 
of moves variables were negligible. None of 
these variables were significant (p > .05) in 
the analysis of variance, and the only sig- 
nificant interaction involving these factors 
was the Regulation-of-Movement X Produc- 
tion-of-Movement X Stimulus Dimension in- 
teraction described above. 

To insure that any experimental condition 
reported to be superior to another indeed 
represented an above-chance performance, 
the 18 experimental condition means repre- 
sented in Figure 2 were individually com- 
pared with chance-level performance. Chance- 
level performance on the six problems repre- 
senting a specified stimulus dimension was 
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BE sonos 
P oiner—recuiared 


ZA KSXSTE MATICALLY - REGULATED 


MEAN CORRECT RESPONSES 


d 
JD 
A 


A 


COMPACT 


JAGGED 


ASYMMETRIC 


SELF-PRODUCED 


Ficure 2. Mean number of correct responses for each experimental cc 
dition defined by the factorial combination of the regulation-of-movemer 
production-of-movement, and stimulus dimension variables. 


3.0, These comparisons showed every con- 
dition which included self-regulation to be 
significantly above chance-level performance 
(p < .05), and no condition which included 
asystematic regulation to be significantly 
above chance (p> .05). Other-regulated 
performance was significantly above chance 
only when movement was other produced 
and the physical dimensions were either jag- 
gedness or z-axis areal asymmetry (p < 
05). The consistent superiority of self- 
regulated over asystematically regulated per- 
formance may be a function of specific pat- 
terns of exploratory moves being optimal for 
discrimination between stimuli differing on 
a specified physical dimension, Alterna- 
tively, the poor performance under asys- 
tematically regulated conditions could be due 
simply to less contour information result- 
ing from fewer line crossings. To explore 
this second possibility, random samples of 
self-regulated and asystematically-regulated 
moves were drawn with stimuli from each 
of the three stimulus dimensions represented, 
and counts of the number of contour cross- 


COMPACT JAGGED ASYMMETRIC 


OTHER-PRODUCED 


umber. of 
(19) and 
ves (167) 
The vari- 
, however, 
t for self 


ings were obtained. The mi 
crossings for self-regulated m: 
for asystematically regulated : 
were not significantly differen! 
ance of the number of crossi: 
was more than four times as grc 
regulation moves. 

A second concern of the was the 
utility of the three stimulus dime isions used. " 
It was hypothesized that if a stimulus dimen 
sion is useful for discrimination, there shou! 
be a positive correlation between the factor 
loading differences for the stimulus pairs © 
that stimulus dimension and the proportion 
of Ss responding correctly on each problem: 
For example, the six x-axis areal asymmnel) 
problems were constructed to have large he 
ferences between forms of a pair on T 
x-axis areal asymmetry stimulus dimension 
but minimum differences between these forms 
on other stimulus dimension factor loading 
The six factor loading differences 0” t 
stimulus dimension ranged from 6.68 to - 1 
If that stimulus dimension is a useful a 
for form discrimination, then the larget | 


REGUL 


ence is, the larger the 
esponding correctly on a 
All three dimensions 
utility. Correlations be- 
:ding differences and the 
sponding correctly were 
< .05) for compactness, 
xis areal asymmetry, re- 
correlations were based 
preliminary tests demon- 
ition in the utility of the 
nsions as a function of 
‘ions for tactual explora- 


factor loading : 
proportion of 
problem shoul 
“were found to 
tween the fact 
proportion of 

| 73, 83, and .7 
jaggedness, anc 
P spectively. T: 
on all 108 Ss, 
strated no diffe 
" three physica! 
the different « 
tion, 


CUSSION 
Investigator rned with the perceiver's 
relation to the onment have emphasized 


distinction between active 
s for perceiving. The re- 
study clearly indicate that 
eparate out regulation-of- 
uction-of-movement as two 
derlying the active-passive 
ture of the interaction of 
with stimulus dimensions 
additive redefinition of ac- 
ects. While the regulation 
accounted for most of 
ns variability, the effect of 
ily variable across levels of 
uovement and stimulus di- 
j This finding demands that 
future research on the regulation-of-movement 
Variable must not only specify the level of the 
» Production-of-mov ment variable, but must sys- 
- fematically study the stimulus variables which 
; p the Regulation-of-Movement X Produc- 
‘on-of-Movement interaction. The general su- 
PU Of self regulation over asystematic 
i. aon supports Gibson’s (1962, 1963) ob- 
D. ion that exploratory moves by Ss in an 
Wve condition are of a systematic nature. 

3 ae of contour crossings was not a 
af um basis for accounting for the superiority 
um Tegulation over asystematic regulation. 
Eo because of the large difference in 
ira a In contour crossings across stimuli for 
oe conditions, it would be premature to 
could a contour crossings as a variable which 
Some eet for differential performance on 
efforts COR physical dimensions. Further 
of the pou be made to determine the nature 
iue qt for exploration and how these 
A specifie Change as S is directed to search for 

: € kind of stimulus information or as S 


the importance 
and passive con 

sults of the pre 

it is necessary 
- movement and ; 
distinct variable 
difference. Th 
these two vari: 
prohibits any si: 
tive vs. passive 
of-movement v 
the between-con 
"that factor was 
"the production 
mensions variabi 
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becomes aware of the stimulus dimensions on 
which forms differ. 

In light of the favorable emphasis on self- 
production in the literature, it was somewhat 
surprising that the production-of-movement 
variable did not appear a very potent one in 
affecting form recognition performance in this 
study, Further investigation of levels of this 
variable is necessary before it is simply rele- 
gated to the role of qualifying the more potent 
regulation-of-movement effects, or assuming 
that it is critical for perceptual adaptation but 
not form perception. Although other-produced 
Ss were trained to completely relax their arms 
during exploratory moves, it is not possible to 
definitively rule out some voluntary control 
since these Ss knew the point in the exploratory 
field to which their fingers would be moved. 
Specifically, an adaptation of the apparatus is 
necessary to permit movement of the explora- 
tory field across S’s stationary finger. How- 
ever, with the two levels of production-of- 
movement used in the present study, some re- 
sults were contradictory to the expectation, 
based on Held's (1965) research, that stimulus 
variability would be most effective when it was 
concurrent with self-produced movements. For 
the jaggedness and 4-axis areal asymmetry 
dimensions, regulation-of-movement effects were 
obtained only under the other-produced condi- 
tions. It may be that other-produced move- 
ment makes available the same information for 
these stimulus dimensions, and that not having 
to attend to the voluntary activity of movement 
prevents S from having to divert attention from 
the exploration-recognition task. Whether this 
same pattern of results obtains with a visual 
adaptation task rather than an exploration- 
recognition task is a necessary question for fu- 
ture research. 

In contrast to studies of the same physical' 
dimensions using a visual search task (Forsyth 
& Brown, 1967, 1968), the correlational data in 
this study showed x-axis areal asymmetry as 
well as jaggedness and compactness to be use- 
ful dimensions for perceptual discrimination, 
This discrepancy between findings from visual 
search tasks and tactual search tasks does not 
support Gibson's (1966) suggestion that in- 
formation obtained by one perceptual system is 
correlated with information obtained with an- 
other perceptual system. Further work must 
specify under which conditions of the per- 
ceiver's relation to the environment a particu- 
lar physical dimension will become most useful. 
The inter- and intramodal equivalence match- 
ing procedure (Abravanel 1971) extended to 
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‘thoroughly defined stimulus domains provides 
a useful paradigm to address this concern. 
It is important to note that the relationship 
"between these variables specifying the relation- 
ship of the perceiver to his environment will 
“change as a function of the type of stimulus 
"information available and may change as a 
function of the task required (e.g., discrimina- 
tion vs. adaptation). In conjunction with ex- 
amining other levels of the regulation-of-move- 
ment and production-of-movement variables, a 
characterization or quantification of the rela- 
tionship between the two variables for various 
stimulus and task situations is demanded. This 
will be addressed only through including a 
multiplicity of what Gibson (1963) refers to as 
the useful dimensions of sensitivity in percep- 
tual activity within a single design. 
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; rapidly as possible to the 
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nent was reported to be a 
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igits. This “Moyer-Lan- 

s been replicated by Fair- 
rkman (1971), and Sekuler, 
strong (1971). In addition, 

strated that reaction time is 

easing function of the value 
izit (the Min effect). How- 
„lin effect is removed by par- 
reaction time was still found 
to be a monotonic decreasing function of the 
difference between digits. Moyer and Lan- 
- dauer (1973) reanalyzed Parkman’s data 
and found further support for two separate 
| effects, 

Several studies indicate that reaction time 
to identify a single digit is uniformly dis- 
tributed across the digits, North, Grant, 
; and Fleming (1967) collected simple stim- 
ulus identification reaction times to single 
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PARISONS OF DIGITS AND DOT PATTERNS? 
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rocess of numeric comparison was investigated. Four groups of 10 
re asked to judge which of two digits or which of two dot patterns was 
Stimuli were either digits or dot patterns in familiar, 
liar, or random configurations. Mean reaction time was systematically 
d to the difference between logarithms of the stimulus values. A single 
ric comparison process gave good account of the data for all stimulus 

This process was well described by a random walk model with 
ble step size and fixed boundaries. Reaction time matrices were fur- 
nalyzed using Kruskal’s 1964 multidimensional scaling program MD- 
1, and the recovered stimulus configurations were successfully simulated 


digits and found a significant difference 
among these times. However, this same 
pattern of differences was replicated when 
Ss identified digit names, so that these dif- 
ferences may have been artifacts of response 
pronunciation and voice key transduction. 
To test this hypothesis, Fairbank (1969) 
asked Ss to press a key when a given digit 
appeared, but not otherwise. Key press re- 
action times were not significantly different 
for the various digits. Theios (1973), in a 
similar task, found a flat function for reaction 
time to name single digits. These results 
imply that the Moyer-Landauer effect and 
the Min effect are properties of some higher 
process than simple stimulus identification. 
We propose that the appropriate process is 
the comparison of already encoded numeric 
values. 

The present study was designed to ascer- 
tain what information is encoded and com- 
pared by Ss in the digit comparison task, 
If Ss are comparing strictly quantitative nu- 
merical information, one should observe sim- 
ilar results when Ss are asked to judge two 
digits or two dot patterns. Alternatively, 
digits may be compared differently from dot 
patterns. As stimuli, digits and dot patterns 
are very different from each other. Digits — 
are highly overlearned, familiar stimuli, as 
evidenced by the flat reaction time functions . 
for digit identification. In contrast, reaction 
time for magnitude estimation of random dot 
patterns was found to be a monotonic in- 
creasing function of stimulus magnitude - 
(Kaufmann, Lord, Reese, & Volkmann, - 
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1949). A difference in stimulus familiarity 
may be responsible for these results. 

To test the above hypotheses, one group 
of Ss was presented with all possible non- 
1 = equal pairs of single digits (1-9), as was 
- done by Moyer and Landauer (1967), Fair- 

bank (1969) and Parkman (1971). Other 

groups of Ss judged simultaneously pre- 
sented pairs of dot patterns. 

To vary familiarity among dot patterns, 
three classes of dot patterns, each containing 
one-nine dots, were generated. For familiar 
dot patterns, the configurations of symbols 
found on the faces of playing cards were 
used. These patterns tend to be bisymmetric 

or regular in form. Completely unfamiliar 
_ dot patterns are those which have random 
configuration features. For patterns of in- 
termediate familiarity, a single irregular dot 
. pattern was generated for each of the nine 
— stimuli and was used consistently throughout 
the experiment, The three stimulus sets are 
referred to as regular, random, and irregular, 
. respectively. 


METHOD 


Subjects. Forty volunteers from introductory 
psychology classes at the University of Wisconsin 
served as Ss in this experiment. The Ss were 
randomly assigned to one of four stimulus groups. 
- Apparatus. Stimuli were generated as combina- 
tions of points in a 5X7 grid by a PDP-8 com- 
puter, and were presented in pairs on a Tektronix 
RM503 oscilloscope. The Ss were placed so that 
each 5 X 7 grid subtended 54’ x 27^ of visual angle, 
and the pair was separated by 1°. 

Procedure, Each S was seated in a semidark- 
; ened room in front of the oscilloscope. The S was 

instructed to press one of two buttons to indi- 
cate whether the left or right stimulus of each 
pair was numerically larger. Stimuli remained on 
display until $ responded, Whenever an error was 
made, the stimulus pair and the word error were 
displayed until § acknowledged it by pressing a re- 
sponse button, This stimulus pair was then ran- 
domly reinserted among those pairs still to be 
presented. Thus each block of trials consisted of 
the 72 trials necessary to obtain one correct re- 
sponse to each of the 72 possible pairs, plus any 
trials on which an error was made. 
„For the dot pattern stimulus conditions, Ss were 
given pretraining to become familiar with the stim- 
uli. Before each block, each dot pattern and a 
digit corresponding to the number of dots in the 
pattern were displayed on the oscilloscope. Pre- 
training continued until 5 indicated that he was 
comfortable in dealing with each stimulus. For 
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regular and irregular patterns, S ws 
would be seeing the same pattern: 
study. For random patterns, Ss we-< 
the pattern configurations change: 
trial, and were instructed to ma! 
during identification practice. 

Each S received 11 blocks of : 
sponse-stimulus interval was 512 n: 
was separated by a rest interval of 
terminated by S. 


Rrsurrs 


The first block of trials wa 
practice, and only the last ! 
analyzed. Thus each S ma 
responses to each pair of sti 
Since there were 10 Ss per gro 
reaction time is based on 100 
Error rate was less than 3% 
tively correlated with correc’ 


s values, 
ich mean 


as posi- - 
(r = 68,2 


p «.001); there were too rors for 
more systematic analysis. F 1 plots 
mean reaction time for cor: dgments 
against the difference bet stimulus 
values. The magnitude of th: ion time 
effect for digits was comp: to that - 
found by Moyer and Landau 57) and 3- 
Parkman (1971). For digi: liffer by 9 
one, a correct response rec ipproxi- 
mately 100 msec. longer than rrect re- 
sponse to digits that differ by Regu- - 
lar patterns of dots required : time for 
comparative judgment, but reaction 
times also decreased monotoni with the. 
difference between stimuli, as : 


d irregular 


dot patterns and random. dot . The 
form of all functions was quite s ur, Sure ! 
prisingly, irregular dot patter; required ~ 
more time for judgment than rendom dot 
patterns. This may reflect .S’s attempts to 


learn labels for the recurring irregular pat- 
terns with indifferent success. 

In Figure 2 is plotted Parkman's (1971) 
Min effect as found in these data. Again, à 
systematic effect was present in all four 
groups of Ss. Although there were signifi- 
cant differences among stimulus types, F (3, 
36) = 6.19, p < .005, again the form of the 
function was similar for each group. 

The significant differences among stimulus 
types may be attributed to differential stim- 
ulus encoding. The similarity of the Moyer- 3 
Landauer and Min effects for all stimulus 


vidence for a single under- 
» process. To test this hy- 
gle comparison process, the 


» conditions is e 
lying compa: 
pothesis of « 


differential iribution of stimulus condi- 
tion to reac time was partialed out and 
only the or« properties of the data were 
examined, u:;5:7 the nonmetric multidimen- 
sional scali -ogram MD-SCAL, version 
5MS (Kru 1964a, 1964b). It was as- 
¿sumed that r latencies to correctly judge 
the larger « ; stimuli reflect the fact that 
two stimuli subjectively similar or close 
together. MD-SCAL program pro- 
vides the ! ionotone fit of recovered in- 
terpoint di s to observed reaction times. 
If a single arison process was used in 
all stimulu »ditions, one should recover 
the same ilus configuration for each 
stimulus t; Although it may seem that 
a single dii ion, numeric value, should be 
sufficient represent these stimuli in 


, this was not the case. Two- 
vresentations of the four stim- 
the best account of the data. 
stimulus configurations are 


Euclidean 
dimension: 
ulus types 
The recov 


presented igure 3. The three types of 
. dot patter:  ielded very similar recovered 
configurat Each stress curve (Kruskal's 
Stress Fo: : I) contained a marked break 
and accep: <y small stress (.04—07) at two 
dimension Interpoint distances between 
successive - nulus values decreased as stim- 
ulus valu creased from one-nine dots. 
The stress curve for digits contained no 
elbow” ny dimensionality. However, 
all two-dir nsional configurations were very 
similar. In the digit representation, only 
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.. FIGURE 1. Mean response time for comparative 
© Judgment of digits and dot patterns as a function 
. 9f the absolute difference in stimulus magnitudes. 
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3 Ficure 2. Mean response time for comparative 

judgment of digits and dot patterns as a function - 

of the magnitude of the smaller stimulus. 


the points corresponding to the Digits 1 and 
2 deviated markedly from the corresponding 
scale values for dot patterns. Despite this 
anomaly, the recovered configuration of the 
Digits 4-9 corresponded well to that for the 
dot patterns. Thus, at least for these values, 
multidimensional scaling provided support 
for the hypothesized single underlying com- 
parison process. (See Figure 4.) 


Discussion 


That there should be a single comparison 
process for both digits and dot patterns is not 
intuitive. Digits are symbolic and must be 
translated to numeric representation for quanti- 
tative comparison. On the other hand, dot pat- 
terns may be successfully compared on the basis 
of stimulus properties such as display size, rela- | 
tive brightness, density, etc. However, reac- 
tion time data in this study furnish no evidence 
that any of these differential stimulus character- 
istics were used for comparison of dot patterns. 
Each S saw only a single type of stimulus to 
avoid inducing one judgmental strategy for all 
stimuli, yet the data indicate a similar com- ( 
parison process was employed in all cases. 

The simple Moyer-Landauer model and 
Parkman Min model may be rejected on the 
basis of the obtained multidimensional scaling 
configurations, The Moyer-Landauer model - 
requires reaction time to be a monotonic func- 
tion of the arithmetic difference between stim- 
ulus values and predicts a unidimensional solu- ^ 
tion with equal interpoint distances when reac- 
tion times are scaled. This prediction was not . 
confirmed. A logarithmic transformation of 3 
the arithmetic differences (Moyer, 1973) does | 
not change the predicted unidimensional solu- 
tion. The Min effect predicts reaction time to 


o DIGITS 


-1.2 


nU e E E2 54... 0.0 4 
AXIS | 
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E of response times. 


value and consequently decreasing interpoint 
distances, However, simulation of this model 
required eight dimensions to recover nine dif- 
ferent scale values for the stimuli. In fewer 
dimensions, scale values for several stimuli 
were indistinguishable. Thus, neither model 
E can account for the obtained two-dimensional 
Scaling. 

Crossman (1956) asked his Ss to sort cards 
according to the number of spots on each card 
. and found that reaction time was linearly re- 
lated to the reciprocal of the difference between 
the logarithms of the stimulus values. This re- 
lationship between reaction time and stimulus 
value is similar in form to the Min and Moyer- 
E Landauer effects, but is not functionally related 
_ to them. The proportion of variance accounted 
for in these data by the difference between 
< logarithms was larger than that for the Min 
or Moyer-Landauer effect. Furthermore, the 
difference between logarithms is readily inter- 
. pretable and lends itself to a simple model. 

Five assumptions are made. (a) The trans- 
formation from external stimulus to internal 


: a linear function of the smaller stimulus 
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representation is  logarithmi hurstone 


(1929) and Parducci (1963) and evi- 
dence for the logarithmic t: ition of 
dot patterns. (b) The internal entation 
is representable by a random , and the 
distributions of random v resenting 
two simultaneously presented simul; may ovet- 
lap. (c) The S computes t: rence be- 
tween the two random variables end adds this 
to a counter, The initial value of this counter 
reflects response bias. Since th rence be- 
tween the random variables may positive or 

lecreases in 


negative, the counter increases oi 
value. (d) The S has preestablished upper 
(positive) and lower (negative) boundaries, 
such that if the count exceeds either of these 
boundaries, the corresponding response is made. 
The values of these boundaries are fixed atid 
independent of stimulus value. (e) If after an 
increment or decrement the value in the 
counter does not exceed either boundary, S is 
assumed to sample new stimulus mo 
compute a new difference, add this value to B 
counter, and again compare the counter vai 
to the boundaries. Thus S resamples succes- 


sively unti! undary is reached and a re- 
sponse can >< de. This sequential process is 
completely : ribed as a random walk with 
variable stc: ze (Wald, 1947). The larger 
the differe: between the logarithms of the 
stimulus v the larger the expected value 
of the diff e between internal representa- 
tions, and sooner S$ exceeds a boundary. 
The decisi undaries of the random walk 
model ma; moved in response to experi- 
mental der r speed and accuracy. By de- 
creasing t! :olute values of the boundaries, 
less infor: | is required for a decision. 
Consequen the average, fewer samples 
are require decision and mean latency is 
short. H. r, accuracy is sacrificed for 
speed. S larger absolute values of the 


boundaries ase accuracy by decreasing the 
probability false response at the expense 
of reactior 
- A simpl: ion of this model assumes that 
internal r: ntations have mo variability 
and are ex equal to the logarithm of the 
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Ficure 4, Stress for MD-SCAL solutions as a 
function of configuration dimensionality. 
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Ficure 5. Recovered MD-SCAL stimulus con- 
figurations obtained by scaling data simulated from 
the random walk model. 


stimulus value. This error-free version of the 
model was used to simulate reaction time data 
matrices for ideal Ss using symmetric boundary 
values. These simulated data matrices were 
subjected to MD-SCAL. For two representa- 
tive boundary values, the recovered configura- 
tions are presented in Figure 5. For simulated 
boundary values of +log 3, the obtained con- 
figuration was very similar to that for the dot 
pattern data. For simulated boundary values of 
+log 1.5, the configuration contained anomalous 
scale values for Stimuli 1 and 2, comparable to 
those observed for digits. Boundary values 
above +log 3 approach a unidimensional log- 
arithmic scale, while those boundaries smaller 
than +log 1.5 yield solutions of increasing di- 
mensionality. For zero boundary (log 1), of 
course, the model predicts all response times to 
be equal. The similarity of the configurations 
in Figure 5 and Figure 3 is striking, and pro- 
vides evidence that a single random walk com- 
parison process can account for the data from 
both digits and dot patterns. Furthermore, the 
smaller boundary value for digits was quite rea- 
sonable and interpretable. Since digits are | 
more discriminable from each other than are 
dot patterns, the corresponding internal repre- - 
sentations for digits are less variable. For a i 
response with equivalent confidence, S required 
less information for digits than for dot pat- ~ 
terns, and a lower boundary value was suffi- 
cient. 

A feature of the random walk model ac- 
counts for the Min effect as a direct conse- 


quence. According to this model, the more 
disparate the means of the internal representa- 
ions, the greater is the probability of exceed- 
g a boundary on a given step, This probabil- 
ity decreases directly as the Min value in- 
creases. Thus, reaction times are an increasing 
function of the Min. The Moyer-Landauer 
_ effect may be similarly explained. This random 
walk model accounts for all data collected to 
date. To the extent that it describes com- 
- parisons of both digits and dot patterns, this 
imple model is proposed for the process of 
‘numeric comparison. . 
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LANGUAGE TAGGING IN BILINGUAL FREE RECALL? 
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` groups of bilingual Ss learned 15 lists of 16 items each. The lists were 
structed from a pool of only 32 items, so that there was a high degree 
item overlap across lists. For one group, all the items were presented 
ne language, while for a second group, mixed-language lists were used 
the language of each item randomly varied across successive lists. 
as hypothesized that if Ss store items as concepts independently of the 
vuage of input, the bilingual-list group would do more poorly than the 
ngual-list group on recall of later lists. On the other hand, if Ss store 
s as language-specific units, the bilingual-list group would be expected 
do better than the unilingual-list group. The data supported the hy- 
is of language-independent storage. The occurrence of increasing 


istent with this view. 


A numb: recent models of memory 
(eg., And: | & Bower, 1972) have pos- 
tulated “tas ' processes to account for 
Ss’ ability ctain nonsemantic informa- 
tion about i in free recall. Items to be 
recalled are | to be stored as some rela- 
tively abst: semantic representation to 
which mark- ; are tagged to denote various 
"discrimina: attributes” (Underwood, 
1969) such list membership, frequency, 
modality, or :patial and temporal aspects. 

Lambert, ignatow, and  Krauthamer 
(1968) suge«sted earlier that in a bilingual 
free recall sitnation, language may also con- 
stitute an independent attribute of items to 
be remembe:ed. The implication is that, in 


at least sore circumstances, Ss process 


items for recall as semantic entities which 
are "supralinguistic" (Kolers, 1963) ; that 
18, information about the language in which 


àn item is to be output is stored along with 
the item but is independent of it. 

An alternative to such a language-inde- 
Pendent storage hypothesis is the notion that 
bilinguals may store items specifically in the 
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aegert, who is now at the Department of Psy- 


4 28.089. University of Texas, Austin Texas 


bers of translation errors across lists was also interpreted as being 


language in which they are perceived. That 
is, an item encountered in, say, English, will 
be encoded in that language and is repre- 
sented in memory as a language-specific 
unit. Proponents of this view (Macna- 
mara & Kushnir, 1971; Tulving & Colotla, 
1970) conceive the two languages of a bi- 
lingual as being representative of two dif- 
ferent memories which exist in relative iso- 
lation from each other and interact only 
through translation processes. 

The purpose of the present experiment 
was to investigate further these two hypoth- 
eses of bilingual storage by using a para- 
digm recently developed by Anderson and 
Bower (1972) to provide evidence for “list- 
tagging” processes. These investigators re- 
quired Ss to learn by free recall 15 lists 
made up of 16 items each. The items of 
these lists were selected from a pool of only 
32 words, thereby yielding lists which over- 
lapped considerably with each other. It was 
hypothesized that effective recall could be 
carried out only so long as list markers for 
items in the overlapping lists could be dis- 
criminated, Recall on the successive lists 
was found to decrease, presumably as a 
function of increased difficulty in list-marker 
discriminability as items were encountered 
in more and more lists. 

A simple adaptation of this paradigm to 
a mixed-language situation allows the test- 
ing of predictions which can be made from | 
the language-independent storage hypothesis | 
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outlined above. By using mixed lists and 
randomly alternating the language of each 
item from list to list, a situation is created 
whereby Ss will not only have to tag items 
with reference to the particular list in which 
they are to be recalled, but also as to the 
language in which the item is to be output. 
If such a tagging process is indeed operat- 
ing in this situation, a difference in the 
shapes of the performance curves should be 
observed between Ss learning mixed-lan- 
guage lists and a group learning unilingual 
lists. Specifically, on early lists, no differ- 
ence would be expected between unilingual- 
list and bilingual-list groups, as has been 
found in other such comparisons between 
unilingual and bilingual free recall (e.g, 
ambert et al., 1968; Saegert, Obermeyer, 
Kazarian, 1973). However, as more of 
he overlapping lists are presented, to the 
extent that Ss cannot remember the lan- 
- guage of an item on a given list, they should 
experience difficulty in recall compared to 
the unilingual-list group. As learning of 
he lists proceeds, a disproportionate de- 
crease in recall on later lists would be ex- 
ected as a function of Ss having to make 
discriminations not only between list mark- 
s but between languages as well. The 
esult would be an interaction in the shapes 
of the curves for the two groups such that 
the bilingual-list group would exhibit a 
reater drop in performance on later lists. 
. On the other hand, a quite different pre- 
diction would be made from the standpoint 


Á 


in such a recall task are stored in separate, 
noninteracting memories. In this case, the 
item pool for the bilingual modification of 
Anderson and Bower’s (1972) experiment 
would be said to consist of 64 different 
items rather than 32 items with two lan- 
guage tags for each. If so, Ss might be 
expected to have substantially less difficulty 
_list-marker discrimination (as proposed 
y Anderson and Bower) as a function of 
aving a greater pool of items to which to 
ttach markers and hence less overlap in 
items from successive lists. Performance 
might then be expected to be better on later 
trials than for the unilingual-list group. 


of a hypothesis which maintains that items 


Thus, different interactions : 


of the two curves are pred | from the 
two theories, particularly : respect to 
performance on later lists 1 

Another prediction whic ; be made 


concerns wrong-language c 
put by bilingual-list Ss iii 
language. Relatively few s 
be predicted from a strict 
the language-specific st 
while an appreciable incre: et 
of such errors across tri id be exe 
pected from the standpoini : language- 
independent storage hypot! 3 


METHOD 


Lists. Fifteen lists of 16 it 
erated from a pool of 32 con 
(Anderson & Bower, | 
randomly assigned to the 
a high degree of overlap in 
curred for each list with ev 

For the bilingual cond ons in a 


second language, Arabic, items were 
randomly assigned to halt ns in each 
list. Across lists, each o from the 
pool occurred approxima ie time ini 
each language. No item ^ 'on ever Otay 
curred twice in any one ! slations of 2 
the English words were a pool of 
items known to have read. le Arabic 
translations. These items had ^1 rated as 


"good" translations by 25 ^ English bi- 
linguals. j 
Procedure. Two groups of 25 bilingual Ss red 
ceived a single trial on c ) * lists. For 
: of the list” 


one group (unilingual), 
were in English, while fc 
lingual), half of the item 
in Arabic, as outlined b 
The lists were presented v 
rousel slide projector at a ra 
135 sec. was allowed for rcc 
mediately following its prese Each $ 
served in a single session with from one to five 
other Ss. Care was taken to insure that each 
performed independently of the others. 

Standard free recall instructions were read to 
the Ss in English, with emphasis on recalling 
items only as they had been seen on the most re- 
cent list. Subjects were told to recall items » 
they thought it "probable" that the word came f 
from the most recently seen list. — dd 

Subjects. The Ss were 50 Arabic-English bie 
lingual undergraduates at the American Uninet 
of Beirut. Their native language was Ara a 
but they were sufficiently fluent in English to : 
university-level work in that language. Chara. 
teristics of the population with respect to language - 


ad group (bi- 
English, half 
restrictions. - 
Kodak Ca- 
2 sec./items 
cach list im- 


af 


fluency have in described elsewhere (Saegert, 
Kazarian & Young, 1973). 
RESULTS 
The mear ::call for successive lists for 
the unilingu> and bilingual groups is pre- 
sented in F 1. Items in the bilingual 


cored correct only if they 
vn in the correct language. 


condition v 
were writte: 


Analysis : riance of these recall scores 
indicated si ant effects for groups, F 
(1,48) = 2 p < .001, lists, F (14, 672) 
=457, p< , and the Groups X Lists 
interaction, 14, 672) = 323, p «.005. 
A t test (no: orthogonal to the above anal- 


‘at the small observed dif- 
inilingual and bilingual re- 


ysis) indica 
ference bet: 


call on the list was not significant, ¢ 
(48) = .48, 20. 

Tn the tr: nt of their free recall data, 
Anderson ai. Bower (1972) used a cor- 


rection for ; 
tracting fro 


ing which consisted of sub- 
ch S's lists the number of 


intrusion e: items recalled from pre- 
viously pres. ied lists. They considered 
this to be : .ough correction for S's in- 
creased fami rity with the small number, 
of words in ‘re pool across successive lists. 
This procedu:¢ was applied to the data from 
the unilingu croup in the present experi- 
ment. In the bilingual situation, however, 
Ss made two kinds of intrusion errors. 
These includi items from previous lists as 
in the unilingual case, and items which were 
on the to-be-remembered list but were out- 


Put in the other (wrong) language. 
„The following reasoning was used to de- 
Sign a correction procedure for the bilingual 
recall scores. If it can be assumed that the 
Number of wrong-list intrusions estimates 
the number of right-list items guessed, it 
Can also be assumed that half of these 
Suessed items would be in the right lan- 
guage and half in the wrong language. If, 
„owever, the number of wrong-language 
items exceeds half the wrong-list items for 
4 given trial, it is reasonable to assume that 
guessed at least that many more items 
Which he knew to be from the list but whose 
anguage he could not remember. There- 
ore, an appropriate correction for guessing 
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UNILINGUAL 


N 


6 


BILINGUAL 


MEAN NUMBER WORDS 
x © 


UNILINGUAL. 


6 8 10 le l4 
LIST 
Ficure 1, Uncorrected recall (upper curves) 


and estimated number of guessed items (lower 
curves) for unilingual and bilingual groups. 


would be to subtract the number of wrong- 
language errors from the recall of each list. 
However, if the number of wrong-list er- 
rors was greater than twice the number of 
wrong-language errors, as it was occasion- 
ally, it would then be reasonable to assume 
that S had guessed more than the expected 
number of items in the "right" language; 
and hence the number of wrong-list errors 
minus the number of wrong-language errors 
would be the appropriate correction. 

An example of this correction procedure 
is as follows. Suppose S got 12 items “cor- 
rect" on list n but had 4 wrong-list errors 
and 5 wrong-language errors. It was as- 
sumed then that 4 items had been guessed 
which were on list n, and that 2 of these 
were in the right language (by chance) and 
2 in the wrong language. This leaves 3 
items that were correctly recalled from list 
n but in the wrong language, and suggests 
that another 3 were guessed correctly as to 
the proper language. Hence (2+3=5) 
items would be subtracted from the raw 
score, resulting in a score of 7 items on that 
list. If, on the other hand, S had 12 items 
correct, with 4 wrong-list and only 1 wrong- 


E. 7 a = 


1140 


language error, this suggests that he had to 
guess the language of fewer items that he 
“knew” to be from list », Hence (4 — 1 = 
- 3) would be a more appropriate estimate of 
the number of items got correct by guessing, 
resulting in a score of 9 items on that list. 

A comparison of the mean number of 
items subtracted from the recall of the two 
groups suggests that the correction for the 
bilingual group is roughly equivalent to that 
used for the unilingual group (lower curves 
of Figure 1). Analysis of variance of the 
mean number of items subtracted per list for 
each group showed that the lists factor was 
highly significant, F (14, 672) = 179, p < 
.001, indicating a large increase in the num- 
ber of items guessed as Ss became more and 
more familiar with the pool of items. The 

overall groups factor was not significant, 

F < 1.0, but the Groups X Lists interaction 
‘was significant, F (14, 672) = 1.90, p < 05; 
_ however, as can be seen from Figure 1, no 
simple differential relationships existed be- 
tween the two groups. 

The correction procedure resulted in ex- 
actly the same pattern as that of the uncor- 
“rected scores. Analysis of variance revealed 
‘significant factors for groups, F (1, 48) = 
24.63, p < .001, lists, F (14, 672) = 7.26, 
p «001, and the Groups X Lists interac- 
tion, F (14, 672) = 318, p< 001. The 
shapes of the curves were essentially the 
same as before. 

Finally, the number of wrong-language 
_ errors in the bilingual group was corrected 
_ for guessing by subtracting half the number 
. of wrong-list errors to yield a score which 
‘estimated the number of true “translation 

errors” found in the experiment. By the 
- logic above, it can be assumed that half of the 
wrong-language items were simply guessed 
as a result of having been seen on previous 
lists, and were not actually remembered as 
list » items. The mean number of wrong- 
language errors, corrected for guessing, was 
found to increase in a linear fashion from a 
value of .04 items on List 1 to 1.60 items on 
. List 15. Conventional analysis of variance 

of these scores seems inappropriate because 
of the large number of zero entries on early 
trials. The Friedman two-way analysis of 
variance by ranks with Ss and lists as fac- 
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tors indicated that the number <f 
errors increased significant! 


x? = 59.95, p < .001. 


Discussio: 


The results clearly favor t! 
pendent storage hypothesis. 
ing the bilingual lists app 
no difficulty in recall on th 
ance rapidly declined on 


ruage-inde 
Ss lear 


4). The difference bet 
two curves as seen in the 
Lists interaction is consi 
as learning of the list 
unable to differentiate 
language markers, resulti 
tionate decrease in perfor! 

unilingual group. It could 
some attempt might hav 
in the bilingual group t 
of each item as it bec 
were appearing in bot 
account for the increas 
on Trial 4. If such a + 
ever, it can be seen t^ 
on the remaining bili: 

the hypothesis that Ss 

tagged items with a | 
than stored items as lan 
seems to be supported. 

Also consistent 
preciable number of v 
served for the biling 
scores were corrected for 
vious lists. The difficulty 5 
ing which language a given 
given list is reflected by t! 
of Ss to output items i 
guage. If Ss had stored these it 
specifically in the languas in which they 
been encountered, they would not be expected 
to make wrong-language crrors beyond 
guessing rate. 

The fact that the performance of the tW? 
groups did not differ significantly on the first 
trial is consistent with a number of earlier ex 
periments comparing free recall of unilingua 
and bilingual lists (Lambert et al, 1968; Ni j: 
& Lambert, 1968; Saegert, Obermeyer, | 
Kazarian, 1973). Apparently, where there $ 
no great difficulty in assigning the right an 
guage to responses, 5s do not suffer impairmel 
of free recall of bilingual lists. However, 
study has been reported in the literature ™ 


ng from pre 
had in remember 


- which appre- able differences were found be- 
tween learn: of linguistically mixed vs. un- 
mixed lists. ©«lving and Colotla (1970) found 
that uniling--: lists were easier to recall than 
bilingual list. -nd that bilingual lists were easier 
than triling» `; they interpreted this result as 
evidence fo: hypothesis that multilingual 
lists resultec mpaired retrieval as a function 
of Ss’ inab o form optimal organizational 
units across uages. 

Inspectio: he procedure used by Tulving 
and Colotla 0) in their experiment reveals 
conditions no ^nlike those used in the present 


study. Speci lly, they required six trilingual 
Ss to recall ries of 54 lists. One third of 
these were : igual, one third bilingual, and 


one third tri! il; there were, on the average, 
18 items pe: Moreover, these lists were 
made up fror »ool of items consisting of only 

. 324 English souns and their Spanish and 

French tran ns. Thus, Tulving and Co- 
lotl's Ss le: d overlapping lists similar to 
those of the it experiment. 


The differ between unilingual and multi- 
lingual lists he data reported by Tulving 
and Colotla c »erefore be explained from the 
standpoint of language-independent storage 
hypothesis. in be assumed that Ss in their 


study experi: 
‘marker discri: 
being recalle« 
became prog: 
ing of the o 
lists proceedc 
Tulving and 
formance acro 


d little difficulty in language- 
nation when unilingual lists were 
however, such discrimination 
vely more difficult as the learn- 
;pping bilingual and trilingual 
No data are presented in the 
lotla article as to their Ss’ per- 
successive lists or as to the 
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number of wrong-language errors observed. Tt 
can be concluded, however, that the differences 
found in their study do not unequivocally sup- 
port interlingual independence in bilingual 
memory. 
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STEREOSCOPIC ENHANCEMENT AND ERASUEZ 3 
OF SUBJECTIVE CONTOURS' 


R. B. LAWSON,? ELISABETH COWAN, T. D. GIBBS, 
AND CYNTHIA GODEK WHITMORE 


University of Vermont 


The Kanizsa pattern yields subjective contours without binocular di 
even though a depth impression may arise from the monocular int 
cue. Six Ss estimated stereoscopic depth and contour clarity aris 
disparate Kanizsa patterns, and the results indicated that the clarity oi 
jective contours is enhanced by crossed disparities and attenuated | 

crossed disparities. Stereoscopic depth varied directly with disparity. 


tr 


It is now well established that contour are present under monocu! binocular 
perception can arise from a variety of pat- viewing (Coren, 1972; . 1972). 
terns where the usual stimulus condition of Similarly, Figure 2 yield tive con- 
spatially corresponding gradients of bright- tours when the halt-v combined 
ness, hue, or saturation is absent from the  stereoscopically such thai square: 
optical display (Harris & Gregory, 1973; appears in front of the d its edges 
Julesz, 1971; Lawson & Gulick, 1967). falling inside the row: nns of the 
Perceived contours that arise in the pres- most adjacent dots. wever, the 
ence of such corresponding gradients in the subjective contours a: h stereo- 
visual display are objective contours, where-s scopic viewing when juares are 
as contours that arise in the absence of such decentrated within ea: in order 
stimulus conditions are subjective contours. to yield binocular dis; have sug- 

Prior to the recent series of investigations gested elsewhere th varity cue 
of binocular depth perception employing yields the stereoscopi ‘on between 
random-element (Julesz, 1971) and fixed- the white square aud »d that both 
element (Lawson, Gulick, & Park, 1972) it and the monocular iuicip n cue sig- 
matrix stereograms, there had been a rela- naled by the displaced i ;cneots areas | 


tive paucity of configurations that generated 
subjective contours clearly defined under 
monocular and binocular viewing conditions, 
One such configuration is the Kanizsa 
(1955) pattern presented in Figure 1 in 
which a central white triangle emerges in 
front of the black elements even though only 
its apices are defined by brightness gradi- 
ents. Most observers report that the white N 7 
triangle appears brighter than the homoge- 
neously white surround, that it stands in 
front of and occludes the black elements of 
the display, and that the subjective contours 


of Vermont Vision Laboratory and was supported 
in part by U.S. Public Health Service Research 
Grant NEI-R01-00849-02 to the first author. 

2 Requests for reprints should be sent to Robert Ficure 1, The Kanizsa pattern. (Note the Ad à 
B. Lawson, Department of Psychology, John  tral white triangle that emerges from the d 
Dewey Hall, University of Vermont, Burlington,  uration even though the brightness of the wi 
Vermont 05401. ground is uniform throughout the display.) 
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1This research was conducted in the University Sif 


view operate in concert to 
p subjective contours in 
` (Lawson & Gulick, 1967; 


"within each 1 
“yield very 
stereoscopic : 


- Lawson et al 72). 

Recently, n (1972) also concluded 

— that the mon: r interposition cue is pres- 

Lentin the K a pattern and that it sig- 
“nals the dep paration of the white tri- 
angle bound: subjective contours. Sub- 
sequent exp. nts by Harris & Gregory 


(1973) and 
that when a ! 
"crossed (neg 
- the subjectis 


field (1973) indicated 
izsa stereogram carried un- 
disparity, the clarity of 
tours was degraded com- 


- pared to a zc isparity condition. Unfor- 
tunately, nei of these experiments in- 
cluded syste! nanipulations of the mag- 
nitude and « on of disparity carried by 


rn, nor systematic proce- 
ng the magnitude of per- 
: depth and the clarity of 
itours. 
oth the monocular inter- 
binocular disparity cues 
jective contours, the major 
experiment was to deter- 
of increasing the perceived 
h separation between the 
riangle and the black ele- 
ity of the subjective con- 
e depth cues are congruent 
k Under crossed (or posi- 
tive) disparities. the central white triangle 
should appear ix: front of the black elements. 
ere, the direction of disparity conforms 
With the monocular interposition cue and 
together they should lead to a stereoscopic 
enhancement of the clarity of the subjective 
Contours compared to the zero disparity 
Condition (interposition only). Contrari- 
prise, With uncrossed (or negative) dispari- 
: 


the Kanizsa 
dures for esti 
“ceived stereos 
the subjective 
Tnasmuch 
position and 
give rise to 
purpose of t! 
mine the effe 
Stereoscopic : 
Kanizsa whit 
Ments on the 
“tours when t! 
Land incongru 


D the white triangle should appear behind 
* black elements so that the binocular 
depth experience conflicts with the percep- 
al organization suggested by the monocu- 
1 In this instance we 


at interposition cue, 
p expect a reduction in the clarity of 
© Subjective contours if the disparity cue 
Prevails or no changes in contour clarity 
"acompanied by no reports of stereoscopic 
if the interposition cue prevails. 


s : 
“cond purpose of the experiment was to 
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Figure 2. Dot-matrix patterns in which the 
half-views carry crossed disparate white squares. 
(Under stereoscopic viewing, a white square 
bounded by subjective contours appears in front 
of the dot matrix. Exchanging the half-images 
between S's eyes makes the white square carry un- 
crossed disparity, and stereoscopically one sees a 
central square aperture bounded by subjective con- 
tours in a surrounding matrix of dots upon a sur- 
face through which appears a more remote homo- 
geneous surface. A similar effect holds for Julesz 
patterns that carry uncrossed disparity.) 


assess the magnitude of the interposition cue 
on the clarity of the subjective contours by 
presenting the line-drawn triangle binocu- 
larly, dichoptically, or not at all. 


METHOD 


Subjects. Two females and four males (mean 
age, 31.6 yr.) served as Ss, Each had near nor- 
mal visual acuity (20/17-20/25), normal lateral 
(3-6) and vertical (6-9) phoria, and stereopsis 
(90% Fry-Shepard) scores as measured with a 
Bausch and Lomb orthorater (Model 71-21-31). 

Apparatus. We employed three types of ex- 
perimental stereograms as shown in Figure 3. 
The angular size of the white triangle was 3.54° 
on a side, the incomplete lined triangle was 2.58° 
on a side, and the angular size of each black 
square was .81°. The horizontal disparity car- 
ried by the white triangle varied from +.29° 
through zero to —.29° in steps of .147°, All the 
experimental stereograms were viewed in a prism | 
stereoscope at a viewing distance of 76 cm. 

Procedure. The Ss were instructed to make 
stereoscopic distance estimates of the white tri- 
angle by considering the distance between them- 
selves and the lower black squares of the con- 
figuration as equal to 100 units. To estimate the 
clarity of the subjective contours, the Ss varied 
the clarity of a projected white triangle (16.6? 
on a side) seen against a gray ground presented 
at a viewing distance of 228 cm. Accordingly, 
each S varied the focal length of the projector by 
depressing a small switch that moved the projector 
lens back and forth (Kodak Ektagraphic Model 
B, f 3.5, 5" lens) until the clarity of its edges 
matched the clarity of the subjective contours. 
The lens setting that produced the clearest image 
of the variable stimulus for all Ss was identified 
as zero on a circular scale mounted on the lens 
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Ficure 3. Experimental conditions in which the 
entire Kanizsa pattern is presented to each eye 
(A), the Kanizsa pattern with dichoptic presen- 
tation of the lined triangle (B), and the Kanizsa 
pattern without the lined triangle (C).  (Pat- 
terns A and B carry crossed disparity and if the 
patterns are viewed through a prism stereoscope 
or simply by crossing your eyes, the white triangle 
will appear in front of the black elements and it 
will be bounded by sharply defined subjective con- 
tours. Contrariwise, Pattern C carries an un- 
crossed disparity and when the halí-views are 
combined stereoscopically the reader can observe 
directly the stereoscopic erasure phenomenon.) 


control knob of the projector. The luminance 
values of the projected white triangle and the 
gray ground at the zero scalar setting were .126 L. 
and .076 L., while at a scalar value of 10 these 
values were .109 L. and .076 L., yielding contrast 
ratios of 1.64:1 and 143:1, respectively, as mea- 
sured with a Macbeth illuminometer. The Ss 
made their contour clarity judgments by looking 
back and forth from the projected triangle to the 
Kanizsa display presented in the stereoscope. No 
restrictions were placed on the inspection times re- 
quired by Ss to complete their contour clarity 
judgments, although each made their judgments 
readily within a 2-min. interval. 

The 15 experimental stereograms were presented 
as three randomized blocks with each S viewing 
twice each experimental stereogram. 
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RESULTS 


The results indicate clear! 
nitude and direction of dis: 
significantly the perceived «ce 
clarity of the subjective « urs 
central white triangle of the ^: 

Figure 4A presents the » 
mates based on all six S: 


for each experimental sic im, 
that depth estimates of les 
indicate that the white tri pr 


front of the black eleme: 
whereas estimates greate: 
the reverse. Regardless 
the disparity, the perceive 
tance was a direct functio: 
magnitude. However, fo 
tive disparities Ss could 
tire white triangle stand 
black squares and incom 
but with uncrossed or : di 
they did not see th: 

behind the black elen hei 
estimates were based : e 
apical portions of the 

rounded by the black t 1 
of variance of the 
based on all six Ss inc 
main effect of disparit 
$ < .001, and its i: 
(4:40) —2.97, p< .05 
treatment conditions. 

The mean contour clari 
on all six Ss across two tr 
perimental stereogram < 
ure 4B. Recall that a \ 
contour clarity scale in 
fined contour while pro r 
above zero indicate that the subjective p" 
tours appeared less clear. With ero 
disparities the Ss reported an enhancemen 
of the clarity of the subjective contours 
while for uncrossed disparities they ra 
ported a marked reduction in the clarity y 
the subjective contours. In fact, for e p- 
dition C patterns (the Kanizsa pattern M B 
out the lined triangle; see Figure 3C) all E 
reported that the central triangle * 
peared when the half-views carried 
crossed disparities. This repren a ae 
unique instance of the stereoscopic erasi 


tion with trials, e 
ere significant 
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i 
| 
| 
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- of subjective 


- of th 
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DISTANCE — (Modules 100) 
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Figure 
stereogra’ 
experiment- stereogram (B). 
clarity scal.) 
ntours, Note in Figure 4B 


that regardles: of disparity assignment, the 


clarity of the -ubjective contours was least 
or Condition C patterns. An analysis of 
Variance of the mean contour clarity esti- 
Mates based on all six Ss indicated that 


only the main effects of type of pattern, F 
(2, 40) = 54.4, » <.001, and disparity, F 
4, 40) = 32.97, p <.001, were significant. 
At no time did any of the Ss report any 
iiculty in combining stereoscopically any 
E the experimental half-images, and each S 
“Ported that the stereoscopic organization 
n the patterns was compelling and stable 
uring the inspection intervals. 


Discussion 


E Present findings indicate that subjective 
Ontours arising from the Kanizsa configura- 


t a 
On can be enhanced if the direction of the 


S'^REOSCOPIC ENHANCEMENT AND ERASURE OF CONTOURS 


1145 


CONTOUR CLARITY 


40.294 
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lhe mean depth estimates based on six Ss across two trials for each experimental 
^), and the mean contour clarity based upon six Ss across two trials for each 
(Zero represents the clearest perceived contour on the contour 


binocular disparity is congruent with the mo- 
nocular interposition cue to distance. The 
local positive disparity carried by the apical 
portions of the white triangle was processed 
as if the entire white triangle was disparate, 
indicating that stereoscopic organization is not 
determined solely by binocular disparity de- ` 
tectors sensitive only to local retinal informa- 
tion (Blakemore & Julesz, 1971). 

The fact that stereoscopic depth was per- 
ceived with negative or uncrossed disparities 
even though the subjective contours were de- 
graded is not surprising inasmuch as the depth 
reports were confined only to the apical por- 
tions of the central white triangle that did in 
fact carry a local disparity (see Figure 3C). 
Here, the uncrossed disparity dictated that the 
white triangle should have appeared behind 
the black elements of the configuration while 
the monocular interposition cue demanded that 
the triangle should appear in front of the ele- 
ments. It appears as if Ss resolved this per- 


ceptual conflict by reporting only depth for the 
portions of the central white triangle that in 
fact carried a local disparity. In fact, Ss re- 
ported that all of the black elements of the 
Kanizsa pattern appeared to be raised up from 
= the white homogeneous background and that 
the white central triangle was no longer dis- 
cernable from the white ground. 

The present findings agree with the results 
of Bloomfield (1973) and Harris and Gregory 
(1973), all of whom found enhancement and 
attenuation of subjective contours when their 
Kanizsa patterns carried crossed and un- 
crossed disparities, respectively. However, the 
present findings go beyond these preliminary 
investigations because we varied the magni- 
tude and direction of disparity carried by the 
Kanizsa pattern, and we employed psycho- 
physical procedures to measure the stereoscopic 
depth and the clarity of the subjective con- 
- tours arising from. the Kanizsa configuration. 
As Figure 4B indicates, once the central white 
triangle and the black elements of the Kanizsa 
attern are separated in stereoscopic space 
- there is little further change in the clarity of 
the subjective contours as a function of in- | 
creasing disparity magnitudes. 

The present findings agree with the results 
of Lawson and Gulick (1967) and Lawson et 
al. (1972), who found that crossed and un- 
crossed matrix-defined disparate forms (Fig- 
| ure 2) can give rise to stereoscopic depth and 
subjective contours. As indicated earlier for 
Figure 2, when matrix patterns carry un- 
crossed disparity the subjective contours are 
uncoupled from the disparate white form 
rather than degraded, and they appear with 
the dot-matrix rather than with the more 
remote white surface. The findings with 
matrix and Kanizsa patterns indicate clearly 
that under stereoscopic conditions local dis- 
parity information is processed first and then 
subjective contours arise providing there is 
no other distance information (e.g, inter- 
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position) that contradicts the deoh signaled 


by disparity. If this is not the = >, then sub- 
jective contours are degrade uncoupled 


depending on alternative ste: 
zations that are consonant wt 


ic organi- 
> past ex- 


perience of the S (Lawson ck, 1967). 
Summary. The present find uggest that 
the analysis of an optical dis the human - 
visual system is accomplished :;gh the op- 
eration of feature detectors conjunction 
with the stored experienc« e S. "Thea 
present results indicate furt! the clarity 
of subjective contours is : 'd by per- 
ceptual processes different se sensory 
processes governing the « { objective 
contours (Shipley, 1965). 
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EFFECTS 


The prese- investigation concerns the 
effects of se «tic and formal features of 

- stimulus wc on transfer of differential 
eyelid condi. ning in two types of Ss. 
- The Ss may lassified either as Vs or as 
Cs by the o tive Hartman-Ross (1961) 


Criterion, wh 4 is based on the topography 
of the condit’:1ed response (CR). A rough 


distinction wld be that Ss who give pre- 
dominantly eyelid closure which is more 
fapid, more complete, and of longer dura- 


tion are classified as Vs; those who show 
| Aclosure which is less rapid, less complete, 


and of shorter duration are classified as Cs. 
E ou investigations have shown that 
$ and Cs differ in various ways in their 


3/did-conditioning performance (Grant, 
972, pp. 30-31, 44-45, and 53-58; Zajano 
& Grant, 1974). One V-C difference which 
poo relevant to the present investiga- 
ed 1s the finding that when words are 
E 4s conditioned stimuli (CSs), Vs gen- 
E. Y show a stronger tendency than Cs to 
SPOnd to the semantic features of the 
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wing 80 differential eyelid-conditioning trials during which members of a 

i four 4-letter names of mammals were reinforced with the airpuff and 
ers of a set of four 7-letter names of birds were not (or vice versa), Ss 

ziven 40 transfer trials with eight new words all paired with a delayed 
5j. The transfer words were: two 4-letter and two 7-letter names of mam- 
and two 4-letter and two 7-letter names of birds. Each S was classified 
` or a C in terms of his conditioned response topography. Both Vs and Cs 
;ave encoded the training stimuli in terms of taxonomic category rather 
n terms of word length, but only the Vs transferred their conditioned dis- 

‘nation to the new words by responding more frequently to the taxonomic 
ry that had been reinforced during training. There was no evidence th at 
nsferred in terms of the word length that had been reinforced, and the Cs 
d no differential transfer. The findings provide further evidence of the 
` of the differences between Vs and Cs in eyelid conditioning. 


stimuli, regardless of whether conditioned 
discrimination is helped or retarded thereby. 
For example, if the verbal stimulus DON’T 
BLINK is followed by the airpuff uncondi- 
tioned stimulus (UCS), and the verbal 
stimulus BLINK is not, Vs show poor dif- 
ferential conditioning relative to Cs, since 
the Vs presumably cannot disregard the 
incompatible evocative character of the 
differential stimuli and hence continue to 
blink to the stimulus word BLINK (Bunde, 
Grant, & Frost, 1970). It has usually, but 
not invariably, been found that Vs acquire 
better conditioned discrimination than Cs 
when one set of taxonomically related 
words (e.g., four names of birds) is always 
reinforced by the airpuff and a different 
set (e.g., four names of animals) is never 
reinforced (Cerekwicki, Grant, & Porter, 
1968; Perry, Ornstein, Watters, & Grant, 
1971; Watters, 1970). A V-C distinction 
has also been found in the transfer of a 
conditioned discrimination based on taxo- 
nomic category. In the Watters (1970) 
study, Ss were first differentially condi- 
tioned to two sets of taxonomically related 
words and then transferred to new words 
drawn from the same categories, with dif- 
ferential reinforcement continuing during 
the transfer trials. The Vs showed im- 
mediate and complete transfer of the con- 
ditioned discrimination to new members of 
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the same categories, performing at a level 
actually superior to that of a control group 
which continued with the original stimulus 
words; the Cs showed an initial loss of 
differential conditioning at the start of 
transfer and then improved somewhat, but 
did not reach the level of control group 
performance. 

The present investigation, like that of 
- Watters (1970), involves transfer of con- 

ditioned discrimination using sets of words 
_ drawn from two different taxonomic cate- 
— gories. Unlike the Watters study, how- 
ever, the present investigation allowed Ss 
the opportunity to transfer their condi- 
tioned discrimination either on the basis of 
a semantic attribute (taxonomic category) 
or on the basis of a formal character- 
istic of the stimuli (word length). In the 
- first, or training, phase of the present ex- 
periment, Ss were differentially conditioned 
‘to sets of words in which the semantic and 
formal characteristics were deliberately 
. confounded. The second, or transfer, phase 
used a new set of words selected so that 
the previously confounded characteristics 
of taxonomic category and word length 
were now orthogonally represented. 

It was expected that, as in the Watters 
' (1970) experiment, the Vs but not the Cs 
would show good transfer of their condi- 
tioned discrimination on the basis of taxo- 
nomic category. That is, it was expected 
that the Vs would show a greater tendency 
than the Cs to respond differentially to 
those transfer stimuli which belonged to 
the same taxonomic category as did the 
. reinforced training stimuli. While there 
were no grounds for predicting the effects 
of the word-length attribute, it was ex- 
pected that the introduction of this variable 
_ would shed some light on the nature of the 
differences between Vs and Cs. For ex- 
ample, if the Vs tend to transfer on the 
basis of taxonomic category while the Cs 
. tend to transfer on the basis of word length, 
this would suggest that an important dis- 
tinction between the two types of Ss has 
- to do with sensitivity to semantic vs. formal 
- dimensions of stimuli. On the other hand, 
a finding that Vs show better differential 
transfer than Cs regardless of the dimen- 
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sion involved would be evide:-- for a dif- 
ferent kind of V-C distinctio: 

The results of the first, or ng, phase 
of the present experiment v ported in — 
detail by Zajano and Gran: 1) The- 
present paper is limited to cond, or 
transfer, phase of the expe and in- - 
cludes only those training : 'ecessary 
to an interpretation of the t findings. 


METHOD 
Details of the apparatus auc | procedure 
are reported by Zajano and ( The CSs 
were projected on a screen, o iime, for a 
duration of 1,050 msec. Durin; iing phase, 
the eight CS words were show: total of 80 
trials, with each word appearing cach of the 
10 successive 8-trial b. Qi í the trials 
of each block, the CS was the UCS, a 
puff of nitrogen at 13,7. psi) given — 
during the last 50 mse the tation and 
directed at the S’s right cornea the transfer 
phasé:a new set of eight word ented for a 
total of 40 trials, with each w ring once in 


each of the five suc e S-t The eight - 
transfer words appeared in ndom order 
in each trial block. The ! 1 on each 
transfer trial 2,500 msec. a ‘This pro- 


cedure was deemed prefera the UCS, 


which would presumably ! in rapid 
extinction of responses to lso prefer- 
able to giving the U irials at the 
CS-UCS interval usc d CS words 


which presumably — 
€ : by causing 
Employ- 


(CS+-) during trainin: 
have reduced differentia 
additional conditioning t« y 
ing a 2,500-msec. CS-U val during the 
transfer trials should maintai: produced drive = 
level (Spence, 1966) and at the sar 
significant further conditioni ( 
sponses that occur within t 
used (McAllister, 1953; Pro: 

Table 1 shows the 
eight transfer words. 
the training phase are designated CS+; those un- 
reinforced during the training, As shown, | 
Ss were divided into two groups for counterbalancing 
purposes. For Group 1, the four 4-letter names 0! 
mammals constituted the CS+ set and the four 
7-letter names of birds, the CS— set. For Group 2, 
the contingencies were reversed. Table 1 also shoa 
for each of the eight transfer words whether tha! 
word belonged to the same taxonomic category, A , 
also whether it had the same word length, as the 
CS+ training words for that group of Ss. a 

The Ss, 80 undergraduates, were given stan p 
neutral instructions, which included the i 
to remain as detached as possible and not to a! E 
inhibit their natural eyelid responses. They NM 
given no information about the nature of the stim 
lus materials. 


f 
ds and the 
nforced during 


At the «: | of the experimental session, each S 
filled out z^ open-ended questionnaire designed to 
elicit the rmation he had acquired about the 
experimen: 

ULTS AND DISCUSSION 

Condii d responses were defined in the 
same wa ring the transfer phase as dur- 
ing the t ng phase, i.e., to be counted, 
a respons ist have occurred between 200 
and 990 c. after CS onset. This short 
scoring ii al permitted concentration of 
the anal: m those responses which had 
been con med during the training phase 
and mini l contamination by any long- 
latency ( conditioned during the trans- 
fer trials. 

On the is of their training-phase per- 
formance were classified as Vs or Cs 
accordin; he Hartman and Ross (1961) 
criterion. ^: addition, each S was classi- 
fied asa © riminator or as a nondiscrimi- 
nator on basis of a frequency criterion 
of differe: responding to CS+ and CS— 
during tr. cing (Zajano & Grant, 1974). 
There we’ « total of 22 Vs (16 discrimina- 
tors and 'ondiscriminators) and 58 Cs 
(39 discr:, ;nators and 19 nondiscrimina- 
tors). Tb -e was no significant difference 
between and Cs in the proportion of 
discrimin::ors, x? (1) = .22. Further, at 
the end o! ‘he training phase, the difference 
between X. and Cs in their terminal dis- 
criminatio; scores (percent CRs to CS+ 


Minus percent CRs to CS— on the last 24 
training trials) was not significant, £ (78) 
= 1.05, although the scores for Vs (43%) 
averaged somewhat higher than those for 
Cs (33%). By the end of the training 
Phase, therefore, Vs and Cs appeared to be 
approximately equal in terms of conditioned 
Iscrimination. 

Preliminary analysis of the transfer re- 
sults showed that S's differential respond- 
ing to the transfer stimuli did not depend 
On whether he had been classified as a dis- 
“minator or as a nondiscriminator during 
training, so the data for these two groups 
were pooled for the transfer analysis. The 
absence of such a difference among the Cs 
Was not at all surprising in light of their 
Poor transfer performance to be reported 

elow, Among the Vs, however, the ab- 
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TABLE 1 


StimuLus WORDS USED IN THE TRAINING AND 
TRANSFER PHASES 


Transfer phase: 
Training phase " 
Relationship to CS+ set. 

T " Taxonomic Word. 
Stimulus | CSset | Stimulus category. length 
Group 1 

LAMB CS4- | HARE same same 
DEER MULE same same 
GOAT BUFFALO | same different 
WOLF MUSKRAT | same different 
SKYLARK | CS— | WREN different | same 
BLUEJAY CROW different | same 
WARBLER SPARROW | different | different 
VULTURE PEACOCK | different | different. 
Group 2 
SKYLARK | CS+ | SPARROW | same same 
BLUEJAY PEACOCK | same same 
WARBLER WREN same different 
VULTURE CROW same different 
LAMB CS— | BUFFALO | different | same 
DEER MUSKRAT | different | same 
GOAT HARE different | different 
WOLF MULE different: | different 


Note. CS+ is the reinforced stimulus and CS — is the non- 
reinforced stimulus. 


sence of a discriminator-nondiscriminator . 
difference in differential responding to 
to the transfer stimuli was unexpected 
and difficult to explain except as a Type II - 
error due to the small number (six) of. 
nondiscriminators. : 
Preliminary analysis of the transfer data 
also revealed that the overall rate of re- . 
sponding (i.e., percentage of trials on which — 
S made a CR) remained generally constant — 
over the first three eight-trial blocks but, 
presumably because of the use of reinforce- 
ment during the transfer phase, tended to — 
increase during the fourth and fifth blocks. 
In order to have as pure a measure as ~ 
possible of the effects of the differential. 
training on transfer performance, it was 
decided to restrict all subsequent analyses 
of transfer to data from the first three 
eight-trial blocks. e 
The overall rate of responding during 
the first three transfer blocks was 38% i 


^ 


Cs; during the last block of training trials, 
49% for Vs and 37% for Cs. For both 
types of Ss, therefore, the level of respond- 
ing during transfer had dropped back to 
about the level which obtained at the start 
of training. 

- The basic findings of the transfer phase 
are presented in Figure 1, where percent 
responses to the various classes of transfer 
stimuli are shown separately for Vs and Cs. 
‘The four classes of transfer stimuli were 
— defined in terms of whether the taxonomic 
-— category and/or word length of the transfer 
word were the same as or different from 
that of the CS+ training words. It is 
obvious from Figure 1 that Vs gave more 
Rs to all four classes of transfer stimuli 


28.0 


PERCENT RESPONSES 


"EE 


TAX. CRT. + SANE SAME 
ORD LENGTH: SAME DIFF SAME 


STIMULI 


DIFF 
DIFF 


: FIGURE 1. Percentage of transfer trials on which 

CRs were given, by type of S and class of transfer 
‘stimuli. (The four classes are defined in terms of 
whether the taxonomic category and word length 
the transfer stimuli were the same as or different 
from the taxonomic category and word length of 
the stimuli reinforced during differential training. 
Data of the two types of Ss, Vs and Cs, are in the 

black and gray columns, respectively.) 
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than did Cs. The most impor 
shown in Figure 1, however, 


ential responding to the diffe: 


transfer stimuli. The shar; 
frequency of CRs which c! 
types of Ss with the shift f 
transfer did not eliminate di 
sponding on the part of the \ 
In order to analyze differ: 
ing on the basis of taxonon: 
discrimination score was d l 
taining for each S the perce 
on which a CR was made t fe 
belonging to the same taxo: 
as the reinforced training w: 
tracting the percentage of 
a CR was made to transfe 
belonged to the same t ] 
as the unreinforced trai: 
Vs, these two percen 
and 34%, respectively 
nation score of 9% in í 
ously reinforced taxonon:: 
though this represents : 
crease from the termina 
score at the end of diffe:: 
(43%), it was significant!) 
corresponding discrimi 
for the Cs, F (1, 78) = 
In order to analyze difi 
ing on the basis of word le 
discrimination score was derived 


a CR was made to transfer words t c 
the same number of letters as did the ung 
reinforced training words. The averagt 
score for differential responding to 
previously reinforced word length was n 
significantly different for Vs and Cs (F< 
Neither the Vs nor the Cs showed 
evidence of differential responding to U 
previously reinforced word length (Fs < Ds 
in fact, there was a slight but nonsignifica 
tendency in the opposite direction. 4 
The results, therefore, support the pr 
diction that Vs would perform better tham 
Cs in transferring their conditioned 


on the basis of taxonomic cate- 
id the information that neither 


criminat 


gory, anc 
Vs nor Cs showed any evidence of transfer 
on the ba: ^ of word length. It is a reason- 
able assu tion that if differential transfer 
is obtain: the nature of the transfer re- 
flects the ature of the original encoding 
of the tr: ing stimuli. On this assump- 
tion, the - «sults for the Vs indicate that 


they acq. od the initial conditioned dis- 


criminati n the basis of taxonomic cate- 
gory, and at the word-length attribute 
played no le in this acquisition. 

Theab c of differential transfer among 
the Cs, ho. ever, cannot be interpreted to 
mean tha: ‘he taxonomic and word-length 
attributes ad no effect on the Cs during 
training. ice the level of discrimination 
reached | he Cs at the end of training 
was not si. :!icantly lower than that of the 
Vs, and si on the transfer evidence, the 
Vs were «coding the training stimuli on 
the basis ' a concept, it appears likely 
that the may also have encoded the 
training si uli on the basis of a concept, 
but then d to transfer differentially. 

While {cir transfer performance pro- 
vided no «1c as to the nature of the con- 
cept the (^ may have been using during 
training, te written questionnaire given at 
the end of .'ie transfer phase supplied some 
relevant daia, All Ss were asked what they 
Noticed about the words and what they 
noticed abcut the airpuff, in the first part 
of the ex ment. On the basis of their 
answers, ihey were classified as being 

aware" or "unaware" of the CS-UCS 


contingency during training, and the aware 
Ss were further classified according to the 
way they described the contingency. Sev- 
enteen of the 22 Vs (77%) and 53 of the 
58 Cs (9192) were classified as having been 
aware of the CS-UCS contingency. [The 

ifference in favor of the Cs was not sig- 
nificant, x? (1) = 2.90, .05 < $«.0] Of 
those classified as aware, 76% of the Vs and 
74% of the Cs described the CS in terms of 
faxonomic category only; 6% of the Vs and 
8% of the Cs, in terms of word length only; 
2% of the Vs and 8% of the Cs, in terms 
gj both dimensions; and the remainder de- 
Scribed the CS-UCS contingency in terms 
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4 
of specific stimulus words. The question- 
naire data indicate, therefore, that taxo- 
nomic category was far more salient than 
word length, and that this was equally true 
for Vs and for Cs. 

To summarize: (a) The present results 
strongly suggest, although they do not 
compel, the conclusion that the Cs as well 
as the Vs may have encoded the training 
stimuli on the basis of taxonomic category 
rather than on the basis of word length or 
of a combination of the two attributes. 
This outcome tends to support Watters 
(1970), who found no consistent V-C dif- 
ference in acquisition of a conditioned dis- 
crimination using sets of taxonomically 
related words, rather than supporting 
Cerekwicki et al. (1968) and Perry et al. 
(1971), who found Vs much superior to Cs 1 
in their acquisition of this discrimination. 
(b) The change from differential training — 
to a transfer procedure that involved non- 
differential delayed reinforcement produced 
disruption of conditioning for both Vs and 
Cs, as evidenced by the reduction in per- _ 
cent CRs to the levels obtained at the — 
beginning of training. For Cs, this disrup- 
tion was accompanied by the elimination 
of differential responding to the four classes 
of transfer stimuli, but Vs still showed a 
significant amount of differential respond- 
ing in spite of the drastically reduced over- 
all response rate. This difference in the 
transfer performance of the. two types of 
Ss is consistent with the results of earlier i 
studies which show that Vs are generally — - 
more resistant than Cs to extinction of a 
CR (eg. Hartman & Grant, 1962) and 
that Vs do not adapt as well as Cs to new | 
CS-UCS contingencies which require the 4 
recoding of an older CS-CR habit (e.g, — 
the BLINK —DON'T BLINK experiment by 
Bunde et al, 1970, cited earlier). The 
present findings, in conjunction with earlier 
results, are consistent with the idea that . 
Vs are more likely than Cs both to utilize x 
old CS-CR habits and to persist in using 4 
them in spite of changes in CS-UCS con- — 
tingencies. (c) There is no evidence that 
the variable of word length affected the JA 
performance of either Vs or Cs. Accord- - 
ingly (a methodological note), it may be — 


“unnecessary to balance sets of words in 
- terms of length in future eyelid-condition- 
g experiments that involve discriminanda 


f a semantic nature. It should not be 
oncluded, however, that formal attributes 
of verbal stimuli have no effect in eyelid 
- conditioning ; formal attributes more salient 
than word length might well be effective 
iscriminative cues. 
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Several c inents have recently dem- 
onstrated ti he verbal context accom- 
panying a t -remembered (TBR) item 
affects recog in of that item (e.g., Light 
& Carter-S. il, 1970; Thomson, 1972; 
Tulving & omson, 1971; Winograd, 
Karchmer, ussell, 1971). The general 
Procedure fo wed in all of these context 


Studies has ^ en to present a TBR item 
me specific verbal context 


during trai: ; the TBR item is subse- 


quently pres :.:ed in a different context at 

the time of t: recognition test. The result 

of the contc::: change is poorer recognition 

Performance | ¿lative to conditions in which 

the training and test contexts remain 
- identical. 


_ The context effect appears restricted to 
Situations in which the altered context is 
directly presented during recognition test- 
ing, Or is entirely absent. In studies of 
long-term recognition memory, Ellis and 
aniel (1971) and Ellis and Shumate 
(1973) have shown that stimulus recogni- 
tion of visual shapesand trigram doublets re- 
main invariant over delay intervals through 

days, and that stimulus recognition does 


Tot depend on S's ability to recall the as- 
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nt speculations concerning the mechanism of. recognition failure underlying 
ontext effect in recognition memory have emphasized the importance of 
olishing similar functional encodings of the to-be-recognized item in train- 
id testing. The purpose of the present experiment was to examine this 
‘estion by manipulating the similarity of the semantic interpretation of 
cmous nouns at training and testing through contextual variations. 
general trend of recognition performance was consistent with previous 
ts of context variation, but some of the specific comparisons appeared to 
problems for the encoding specificity explanation of recognition failure. 
Iternative explanation in terms of decision processes was suggested. 


sociated context (response terms) presented 
during training. These results suggest that 
the effectiveness of contextual events dur- 
ing testing depends principally on their 
physical presence in testing, and not simply 
on their accessibility in recall. 

The context effect in recognition has 
nevertheless provided some of the strongest 
evidence that complex search mechanisms 
are an integral part of the recognition 
process (Light & Carter-Sobell, 1970; 
Tulving & Thomson, 1971). More spe- 
cifically, access to stored information is 
theoretically determined by the similarity 
of the functional encoding of the TBR 
item at testing to the stored encoding of 
the same item established in training. 
That is, the probe stimulus will serve as a 
retrieval cue onlyeto the extent that its 
functional encoding matches the functional 
encoding of the training stimulus. Context. 
changes increase the probability that the 
two encodings will differ, resulting in failure 
to access stored information (Thomson, 
1972; Tulving & Thomson, 1971). Thus, 
the probability of correct recognition should 
be a direct function of the similarity be- 
tween the training and test encodings. 
The explicit purpose of the present study 
is to examine this function relating recogni- 
tion performance and degree of contextual 
change. 

One method for bringing the functional 
encoding of the TBR item under some 
degree of experimental control involves the 
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use of homographic stimuli (e.g., jam). 
Since unmodified homographs are ambigu- 
ous, it is reasonable to assume that S’s 
semantic encoding of a homograph will be 
largely determined by the prevailing verbal 
‘context. Using homographs in the context- 
change paradigm, Light and Carter-Sobell 
(1970) have reported that recognition of 
the homograph is better when the context 
remains the same in training and testing 
relative to conditions in which the test 
context biases a different meaning of the 
homograph than was biased in training. 
Furthermore, Lightand Carter-Sobell found 
that deletion of all context in testing, or 
changing the testing context to bias the 
same meaning of the homograph as was 
biased in training, resulted in recognition 


performance intermediate between that 


produced by no context change and con- 


. text changes that altered the meaning of 
the homograph. While these data support 


the assumption that access to information 
in recognition depends directly on the simi- 
larity of the training and test encodings, 
the data were collected in separate experi- 
ments, and multiple comparisons between 
the four conditions were not reported. 
Thus, it is not possible to directly derive 
the function relating recognition perform- 
ance and degree of contextual change from 
Light and Carter-Sobell's data. 

Other investigators (e.g., Thomson, 1972 3 
Tulving & Thomson, 1971) have used as- 
sociatively related input pairs and then 
either deleted or changed the contextual 
items in rećognition testing. Such a pro- 
cedure produces clear decrements in recog- 
nition, but use of associatively related items 
precludes the possibility of examining the 
function between recognition and degree 
of contextual change because there is little 
control over the functional encodings of 
the TBR item. 

In the present study, degree of contextual 
change was defined in terms of the change 
in meaning of a TBR homograph effected 
by changes in verbal context from training 
to testing. Five degrees of contextual 
change were examined. (a) The basic con- 
trol was a no-context change condition, 
and the other four conditions involved a 
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change of context from traini 
as follows: (b) deletion of 
testing; (c) change in the tes 
to bias the same meaning of t 
as in training; (d) change in t: 
to bias no particular meanin 
graph; and (e) change in te 
bias a different meaning of 
than was biased in training. 

sibility in recognition is gov: 
similarity of training and te 
context changes that bias thi 
ing of the homograph as 
training should result in 

functional encodings and lii 
decrement relative to the n 
dition. On the other hand, « 
that bias a different meanir 

graph should increase the 


€ context 
mograph 
context 


ig context to 
he homograph 
m acces- 

d by the 4 
ncodings, 
ne mean- 
biased in 
similar 
cognition 
hange con- 
t changes 

e homo- 
bility of 


t 


variability in the functiona odings at 
training and testing, and It in 
poorer recognition perforn itive to 
the no-change control. i: of the 
single-item test condition context 


me that 
reed not 
t encod- 
the pos- 
he train- | 
imptions, 
condi- 
erformance 


is deleted, it is reasonab 
deletion of the training : 
necessarily result in a differ: 
ing of the item, particulari 
sibility that S covertly ¢ 
ing context. Under th 
performance in the single 
tion should approximate th 
produced by the no-contex: e condi- 
tion. It is also conceivable i the test 
context generated by S will differ somewhat | 
from the E-provided training context, and | | 
thus the functional encc ( e homo- 
graph established in t g would not 
necessarily match the stored encoding es- 
tablished in training. In this case, deletion 
of all context in testing could result in some 
decrement in recognition. 
The same arguments might apply to 
context changes that bias no particular — 
meaning of the homograph. The unrelated 
context may not affect the semantic coding 4x 
of the homograph, and it is therefore pos- 
sible that the homograph may be encoded 
in much the same fashion at testing as 1 
training, Although the test context in the 
unrelated condition was selected to bias ng 
specific meaning of the homograph, it 18 i 
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- possible in n 


i of the hom: 


y cases that the unrelated 
icit idiosyncratic encodings 
‘ph. To the extent that 
gs differ from the original 
z, context changes to un- 
ext may produce a decre- 


context mig! 


such test enc 
training en: 
related test 


ment in rec ion. Thus, it is difficult 
- to precisely dict recognition perform- 
ance under ditions in which the con- 
text change Ives deletion of all context 
or changes : 'mantically unrelated con- 
text. On th > hand, such manipulations 
might be exp. cd to result in similar func- 
- tional encodir:: : of the homograph in train- 
ing and test but it is also conceivable 
that these onditions might produce 
considerable iability in the training and 
test encodin 
METHOD 
Subjects and n. Seventy-five undergraduate 
volunteers wer: zned to one of five experimental 
conditions, E group consisted of 15 Ss and 


assignment to 
groups receiver 
65 homograph 

he primary < 
lype of cue pa 
Tecognition te 


litions was random. The five 
ntical lists at input composed of 
;lified by a common adjective. 
‘imental manipulation was the 
with the old homograph in the 
^ne group, same adjective (SA), 
Saw the sam. graph-modifier pairs in training 
and testing, ^ second group, single item (SI), was 
given unmodific homographs in testing, i.e., the 
Context was omitted. The same meaning (SM) 
Condition consisted of the old homograph modified 
Y à new adjective that biased the same meaning of 
the homograph was biased in training. In the 


f different meaning (DM) condition, the modifying 
Adjective was cl; 
that the new adj 


inged from training to testing so 
Y ctive in testing biased a different 
meaning of the homograph than was biased in 
training. The fifth group, unrelated adjective (UA), 
ES Saw the old homograph paired with a new modi- 
id adjective in testing, but the new adjective in 
n UA group biased no particular meaning of the 
Bon h. Table 1 provides an example of a 
Boia item and corresponding test items for each 
Material, The training list consisted of 65 homo- 
tee €ach of which was modified by a common 
one that biased one specific meaning of the 
with oD Test lists contained 160 words, and 
Consist, € exception of Group SA, the 160 test items 
SA ed of 65 old words and 95 new words. Group 
ie 66 old words and 94 new words; this minor 
the SA. in the number of old and new words in 
Ces: 'st relative to the other four conditions was 
dn us ary in order to keep the total number of words 
the 6. ting constant across all conditions. That is, 
S old words for Groups SI, SM, DM, and UA 
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TABLE 1 


EXAMPLE OF TRAINING ITEM AND CORRESPONDING. 
Test ITEM For EacH Test CONDITION 


Test conditions 


Training 

SA SI SM DM UA 
Folder | Folder | — | Cabinet | Smooth Bulb 
File File File | File File File 


Note. Abbreviations: SA = same adjective, SI 
= single item, SM = same meaning, DM = differ- 
ent meaning, UA = unrelated adjective. 


were simply the homographs presented in training, 
but in Group SA 33 homograph-modifier pairs from 
training were presented in testing. Since intact 
training pairs were presented in testing for Group 
SA, it was impossible to give 65 old words in testing. 

The 94 new words in the SA test list consisted of 
47 new homograph-modifier pairs. Two SA test 
lists were prepared with a different subgroup given 
one of the lists. The first subgroup saw one half of 
the old homograph-modifier pairs from training, 
and the second SA subgroup received the other half 
of the old pairs from training. Each of the two SA 
lists contained the same 94 new words. Thus, half 
of the old items in the SA lists were modifiers and 
half were homographs, while all of the old items 
were homographs in the other four conditions. 

The test lists for the SM, DM, and UA conditions 
consisted of the 65 old homographs modified by 65 
new adjectives. The distractor items in these con- 
ditions were the 65 new modifying adjectives plus 
15 new homograph-modifier pairs. The new modi- 
fying adjectives were selected to bias the homograph 
as indicated above for these three conditions, The 
15 new pairs of homograph-modifier distractors 
were selected from the 47 new pairs in the SA test 
list. Thus, the 65 old words in Conditions SM, DM, 
and UA were the 65 homographs from training, and 
the 95 new words in these three conditions were 65 
new modifying adjectives plus 15 new homograph- 
modifier pairs. 

The old words in the SI test list were the 65 
homographs presented in training. Of the 95 new 
distractor items in the SI condition, 30 of the 
words corresponded to the 15 new homograph- 
modifier pairs used in Conditions SM, DM, UA, 
and SA. The remaining 65 distractors in the SI 
test list were drawn randomly from the distractors 
used in the other four conditions with the restriction 
that approximately the same number of new items 
were selected from each condition. That is, the 
distractors in the SI list consisted of 30 words 
corresponding to the 15 new homograph-modifier 
pairs used in Groups SM, DM, and UA, as well as 
16 of the new modifying adjectives from each of the 
SM, DM, and UA lists and another 17 new words 
drawn from the 47 new homograph-modifier pairs 
of the SA list. Table 2 presents a summary of the 


: TABLE 2 
Composition or Test LISTS FOR EXPERIMENTAL 
: CONDITIONS 
3 Old words New words 
Test Con- 
dition | Homo- | Adjec- | Homo- | Adiec- 
graphs tives graphs tives 
SA 33 33 4T 47 
SI 65 0 15 80 
SM 65 0 15 80 
UA 65 0 15 80 
DM 65 0 15 80 


compositions of test lists for the five experimental 
conditions, 
Procedure. The training lists were presented on 
3 X 5 in. index cards with a homograph-modifier 
pair on each card. A different random order was 
used for each S on the training lists. The test lists 
were also presented on 3 X 5 in. index cards with a 
.. different homograph modifier pair on each card for 
Conditions SA, SM, DM, and UA and a different 
single word on each card in Condition SI. Two 
orders of the test lists were used in each condition. 
Half of the old homographs were on different sides 
(right/left position) of the card in testing than in 
= training to control for position effects. Responses 
were recorded by S on a test sheet containing 80 
. pairs of blank spaces in Conditions SA, SM, DM, 
and UA and 160 single blanks in Condition SI. 
Each S was run individually for one study-test 
trial. Before presentation of the training list, S 
was instructed that he would see a list of words 
typed on 3 X 5 in. cards. He was told that each 
- card would have two words, and that he should pay 
- close attention to the cards since his memory for 
the words would later be tested. 
= was instructed that his memory for the words would 
be enhanced if he could visualize the two words in 
interaction. The presentation rate in training was 
^ 2 sec. per card, which is a fairly standard exposure 
duration in this type of research, and was timed by 
. à metronome. The cards were presented by E with 
— S seated directly in front of him. 


Following training, S was given an answer sheet 
and instructed that he would now see a second list 
If he thought a word in the second list 


of words. 
had appeared in the first list, he was to put vEs in 
the appropriate blank. If not, he was to put NO in 


be followed by a confidence rating. The confidence 
rating was based on a 6-point scale from “very sure 
old" to "very sure new." A YES-NO response and 
- a confidence rating was required for each item in the 
list. The Ss in Conditions SA, SM, UA, and DM 
were instructed to respond to each of the two words 
present on a single test trial. Each test card was 
exposed for 3 sec. and S was then given adequate 


time to record his answer before presentation of the 


next test item. 
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In addition, S 


the blank space. In addition, each response was to 


RESULTS 


The data were analyzed b in terms 


of signal detection theory (d^ in terms 
of hit and false alarm rate. ough the 
mean number of yes respon not differ 
across experimental condi (4,70) = 
1.85, p > .05, indicating t: e results 
were not due to differentia! mse bias, 
the results of both analyses resented, - 
Furthermore, correct recogii n the SA 
condition was not depende: the type | 
of old item. Mean correct ;nition for 
old homographs and old m ng adjec- 
tives was 81% and $8074; »ectively; 
therefore, further analysis : SA data 
was collapsed over type c' i. There 
was also no obvious effect t order or 
position of the item in tes! nd these 
variables were not subj: » further 
analysis. 

i Hits and false alarms can per- 
centage of hits and false «i resented 
in Figure 1 for the fiv« ntal con- 
ditions. The hit rate v ı orderly 
fashion with changes in t context. 
Correct recognition of o ; was best 
under conditions in € itext was 
the same in training , and the 
lowest level of recognitio: items was 
in Condition DM, in whic: modifying 
adjective was changed to bias s different 
meaning of the homograp! he effect of 
test condition on hit rate is highly reliable, 
F (4,70) = 5.38, p < .00i. Application 
of a Newman-Keuls test with a .05 sigi 
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TEST CONDITIONS 


Ficure 1. Mean percentage of hits and false alarms 
as a function of experimental condition. 


indicated that the hit rate 
‘A was reliably higher than 
SM, UA, and DM, and the 
is significantly greater than 
)M conditions. No other 
parisons of hit rates were 
hough the false alarm rate 
ry with context changes, 
‘alse alarm data yielded no 
as a function of experi- 
ons F (4, 70) <=, 1764, 


n analysis. Analysis of the 
f d' produced virtually the 
the hit rate analysis. The 
onditions SA, SI, SM, UA, 
40, 1.16, .95, .97, and .84, 
he highest level of perform- 
by d' was in the SA condi- 

Í condition led to the low- 
nition. The decrement in 
rmance resulting from con- 
ueasured by d' was highly 
0) = 5.775, p > .001. A 
test with a .05 level of 
ed SA performance to be 
ter than DM, SM, and UA 
No other individual com- 
ere significant. Thus, the 
ancy between the hit rate 
d' analysis was the lack 

d ween Condition SI vs. Con- 
lions UA sud DM in the d' results. 
Owever, the level of recognition as indexed 
Y d is considerably higher for SI than for 
T. Thus, the trend of the 

ured by hit rate and d' is 


Signal det: 
lata in tern 


ind DM we 


ext change 
eliable, F ( 


ignificance < 
gnificantly ! 
performance, 


highly similar. 


DISCUSSION 


The overall pattern of the data is consistent 
ith other studies (e.g., Light & Carter-Sobell, 
i Thomson, 1972; Tulving & Thomson, 
in that any type of contextual change 
om training to testing produced a decrement 
Tecognition relative to conditions in which 
ae context remained unchanged. The im- 
erent in recognition performance was 
atest when context changes biased a dif- 
Fit meaning of the homograph in testing 
An Was biased in training, but recognition 
» Only slightly better when the testing con- 
7 sed the same meaning of the homo- 
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graph as was biased in training or when the 
testing context biased no specific meaning of 
the homograph. Deletion of all context in 
testing produced a slight, nonsignificant decre- 
ment in recognition relative to the unchanged 
context condition, but the level of recognition 
for single items was considerably higher than 
either the conditions biasing the same meaning, 
a different meaning, or no specific meaning for 
the homograph in testing. 

Although the general trend of the data is 
consistent with other reports concerning con- 
text changes in recognition, these results differ 
with the findings of Light and Carter-Sobell 
(1970) on several points. Of particular inter- 
est is the failure to find a reliable difference 
between either Conditions SA and SI, or SM 
and DM, in the present study. Light and 
Carter-Sobell did find these differences to be 
significant, and the reason for this discrepancy 
is not entirely apparent. There are methodo- 
logical differences between the two experiments 
that might account for the disparity in the 
data, the most important of which is that 
Light and Carter-Sobell embedded their homo- 
graphs in a sentence context. Such an opera- 
tion could provide a more complete biasing of 
one meaning of the homograph and account 
for the larger differences found by Light and 
Carter-Sobell. While the discrepancies be- 
tween the present study and that of Light and 
Carter-Sobell are explainable in terms of 
methodological differences, other comparisons 
in the present study, which have not been 
previously made, raise some questions con- 
cerning the nature of accessibility of stored in- 
formation in recognition. 

Of particular interest is the higher level of 
performance in Condition SI relative to Con- 
dition UA. Assuming that the new modifying 
adjectives in Condition UA were in fact per- 
ceived as unrelated to the TBR homograph, it 
is difficult to understand why the functional 
encodings in Condition UA would be more 
variable than those in Condition SI. In the 
same vein, the slight difference in performance 
between Conditions SI and SM is difficult to 
derive from an unelaborated encoding spe- 
cificity principle. The experimental opera- 
tions in Condition SM were explicitly designed 
to reduce variability between training and 
test encodings, and the failure of Condition 
SM to produce performance at least compara- 
ble to Condition SI appears somewhat incon- 
gruent with the view that accessibility is 
governed totally by similarity of the func- 
tional encodings. Following the same reason- 
ing, the lack of a reliable difference between 
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Condition SM and Condition DM is even 
more troublesome since contextual changes 
that bias different meanings of a homograph 
should lead to greater variation in training and 
test encodings than changes biasing the same 
meaning of the homograph. 

It could be argued, however, that the con- 
textual changes in the present study did not 
influence the functional encoding of the target 
item, and consequently, these results would 
have little bearing on the encoding specificity 
principle. Such an argument would appear 
difficult to sustain in view of the obvious con- 
textual effects shown in Figure 1. A more 
viable argument against the relevance of these 
data for the encoding specificity principle has 
been presented by Tulving (personal com- 
munication, January 1974). The thrust of his 
position is that material may be specifically 
encoded in terms of any of a number of at- 
tributes. Unless the contextual change was 
along the dimension selected for encoding, 
accurate prediction of memory performance 
would not be possible. f 

Thus, the present data may be interpreted 
from two alternative viewpoints. The first 
would suggest that the semantic dimension 
was not the primary attribute selected for 


X encoding, and consequently, changes in the 


semantic context would have little effect on 
recognition performance. Such an interpreta- 
tion mitigates the importance of these data to 
encoding specificity. The alternative view is 
that the experimental operations followed 
logically from the theoretical statement of en- 
coding specificity, and the failure to obtain 
predicted outcomes is inconsistent with an 
unelaborated encoding specificity principle. 
An alternative view of the recognition proc- 
ess which is congruent with the obtained rela- 
tion combines the notions of retrieval processes 
with a decision process. Stored information 
would be retrieved and subjected to a decision 
process. The mechanism of retrieval could 
operate in a fashion similar to that previously 
droposed; that is, access to stored information 
eppends on the similarity of the momentary 
test encoding and the stored representation of 
an item. However, once the stored informa- 
tion becomes accessible, a decision is made 
regarding the presence of the item in a training 
list. Among other things, the contextual en- 
vironment surrounding the probe stimulus 
and the stored representation of the training 
item might be evaluated in the decision proc- 
ess. If sufficient context changes occur be- 
tween training and testing, the probe stimulus 
and its new testing context may appear suffi- 
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ciently different from the stores 
of the prototype and its t 
the test item will be incorre 
Such a decision process, wh 
only the probe stimulus, but > 
evidence, is an integral pa: 
Bower's (1972) recent moce 
memory. 

According to this view, a 
textual elements in testi; 
present in training, wili 
decision process. Thus, d 
testing would be expectet 
ruptive of context chan 
elements have to be evalu 
process. Since both the 
and the probe item are «^ 
ment in recognition prod 
new context increases wl 
encourages a different fu: 
the probe item in t« 
tions SM and UA wou 
produce performance « 
SI because new cont: 
evaluated, the conte: 
SM and UA do not c! 
TBR item and conseq 
recognition to the ext 
tion would. 

The advantage of t 
lies in its ability to p: 
ments under conditions i 
text does not radi 
encoding of the target 
performance differe: 
and UA follows nicely 
proach. We wish, how 
the present data are »ot crit 
ing specificity hypothesis ur 
that the specifically enc 
be specified with any deg 
priori (Tulving, 1974). | 
of such an assumption will 
by its success in generatir 
search. The primary purpose of this study 
to report the functional relation between 
recognition memory and degree of semantit 
contextual change and, secondarily, to po 
out that the obtained relation can be described 
in terms of alternative theoretical approaches 


ial approach; 
mance decre: 
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HEART RATE AND DISJUNCTIVE REACTION T; 
THE EFFECTS OF DISCRIMINATION REQUIREMENT: 


CONNIE C. DUNCAN-JOHNSON? aw» MICHAEL G. H. COLE 


University of Illinois 


In three experiments, Ss were given series of easy or difficult auditor; 
criminations in the context of a fixed foreperiod disjunctive reaction ti 
task. Tonic heart rate was slower during series of difficult t 
during series of easy trials, when they were presented in separat 
When they were given in two halves of the same session, this re: 
not replicated. When easy and difficult trials were presented in a ra: 
order, and information was provided at the beginning of the foreperiod : 
the difficulty of that trial, phasic deceleration was greater on difficult 
Peak-to-trough change was negatively related to reaction time in all c: 


ments. 
hypothesis. 


Lacey's intake-rejection hypothesis ( Lacey, 
1959, 1967; Lacey, Kagan, Lacey, & Moss, 
1963) proposes that the direction of change 
in heart rate (HR) is related to the atten- 
tional requirements placed on S. In par- 
ticular, when S is required to note and de- 
tect environmental events (intake), cardiac 
deceleration occurs ; but when “mental work” 
and concentration are required and environ- 
mental detection is minimal (rejection), car- 
diac acceleration is observed, 

The absence of an independent operational 
measure of the task situations has made it 
difficult to test the relative merits of the 
intake-rejection and competing hypotheses 
(Coles, 1972; Elliott, 1972; Hahn, 1973). 
However, using a series of visual search 
tasks, where the discriminability of the target 
stimuli was varied, Coles found support for 


1 This research was partially supported by Na- 
tional Institute of Mental Health Research Grant 
MH 23183-01 to the second author and a grant 
from the University of Illinois Research Board. 
Portions of this article are based on a thesis sub- 
mitted to the University of Illinois by the first 
author in partial fulfillment of the requirements 
for the master's degree, A preliminary report of 
some of the data presented here was given at the 
meeting of the Society for Psychophysiological Re- 
search, Galveston, Texas, 1973, The assistance of 
Jody Goldblatt in collecting the data is gratefully 
acknowledged. 

? Requests for reprints should be sent to Connie 
C. Duncan-Johnson, Department of Psychology, 
University of Illinois, Champaign, Illinois 61820. 
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The results are discussed in terms of Lacey's intake-rcjc 


a limited case of the int jection hy- 
pothesis (that relating to ke only). 
Tonic HR was lower and decelera- 
tion greater for low disc: lity (high 
intake) tasks compared to riminabilz 
ity (low intake) tasks. sults can- 
not be explained in terms ort, arousal, 
or similar hypotheses. 

A corollary of the proposes, 
that in situations in whi uality of S'8 
performance is continge: lis attention to 


the external environment mance mea~ 


sures are related to the : ude of dei 
celeration. One of the mon para- 
digms in which this relitionship has been 
tested is the warned reaciion time (RT) 


task. During the foreperiod oi such tasks) 
a reliable cardiac deceleration is obseryed 
(eg. Lacey & Lacey, 19 1966; Obrist, 
Webb, & Sutterer, 1969), Some studies 
have reported modest but significant negative 
correlations between this deceleration and 
RT (e.g, Coquery & Lacey, 1966; Lacey & 
Lacey, 1964; Obrist et al., 1969), in accord 
ance with the corollary of the intake-reJec- 
tion hypothesis. However, other studies 
have failed to find significant RT-decelera~ 
tion relationships using both between- (e£: 
Porges, 1972) and within-Ss (e.g., Jennings, 
Averill, Opton, & Lazarus, 1971) analyses 

The present study was designed to m 
vestigate the effects of objectively manip. 
ulated attentional demands on tonic an 
phasic HR, and to examine the relationship 


DISCRI: 


d RT on a between- and 
Attentional demands were 
ugh the use of a series of 
mations, in the context of 
! disjunctive RT task. The 
a series of easy or a series 
ination trials, 
ion of discrimination diffi- 
n as a manipulation of the 
onmental intake present at 
timulus. Thus, from the 
he intake-rejection hypothe- 
d that either tonic HR is 
'sic deceleration during the 
"ter, during the difficult 
in during easy trials. 


; between HR 
within-Ss ley 
manipulated 
auditory dis: 
a fixed forep 
T Ss received c 
of difficult d: 
The mani; 
culty may b 
demand for « 
the imperati 
- limited case 
sis, it is pre 
lower, and/o: 
loreperiod i 
series of tria 


PERIMENT I 
Method 


Subjects. Ty 
in an introduct 
versity of Tllin: 
course require 

Apparatus a; 
skin electrodes 
» Mer were usec! 
of each S's H 
Calibration wa 
Was equal to 1 

Each S repe 
mental session 
"During both s 
80 trials of a d 
the trials were 
the other, they 
tion). Half of 
3 group who 

rst session (( 
Teceived the d 


male undergraduates, enrolled 
psychology course at the Uni- 
erved as Ss in connection with 


‘ocedure, Beckman Biopotential 
a Beckman 9857 cardiotachom- 
provide a continuous recording 
n a Beckman R-411 dynograph. 
h that 1 beat per minute (bpm) 
of deflection. 
d individually for two experi- 
oth lasting approximately 1 hr. 
‘ons, S was required to perform 
inctive RT task, In one session, 
Wl easy (the easy condition); in 
re all difficult (the difficult condi- 
Ss were randomly assigned to 
ed the easy condition in their 
er 1); the other half of the Ss 
: lt condition first (Order 2). 
ach trial consisted of a warning stimulus followed 
after 6 sec. by an imperative stimulus. For all 
trials, in both conditions, the warning tone was 
100 Hz. The imperative stimulus was either a 
E 0-Hz. or 1,200-Hz. tone for the easy condition, 
“ind either a 1,000-Hz. or 1,030-Hz. tone for the 
cult. Condition. The tones were produced by a 
Dou audio generator and recorded on two 
E. $ of a Sony stereo 350 tape recorder. During 
E». Session, the tones were presented to S via 
eng tx, ZA/CAN 5114 headphones. The in- 
Roly of the tones was 90 db., with a duration of 
P msec, and rise/fall time of 50 msec, 
Eo half of the trials of both conditions, the 
BG Stimulus was the same as the warning 
Eo: "s; and on the other half, it was different. 
Tin an Of presentation of imperative tones was block 
“nized, with the random order of the first 


ATION REQUIREMENTS, HEART RATE, AND DISJUNCTIVE RT 1161 


block of 20 trials repeated for the three remaining 
blocks. . The intertrial interval (time between one 
imperative stimulus and the next) varied from 16 
to 26 sec., with a mean of 21 sec. 

3 The S was instructed to respond to the impera- 
tive stimulus by pressing one of two telegraph 
keys as quickly as possible. The keys were posi- 
tioned side by side on a board which was placed 
on S'slap. The S was required to press one key 
if the imperative tone was the same as the warning 
tone and the other key if the imperative tone was 
different from the warning tone. The designation 
of the "same" key was counterbalanced across S's 
and conditions. As an incentive for good perform- 
ance, S was informed that the three Ss with the 
fastest average RTs over both sessions would re- 
ceive $10.00, $6.00, and $3.00, respectively, How- 
ever, in order to discourage incorrect or anticipa- 
tory key presses, $ was told that he would be 
penalized by using twice the value of his average 
RT for each response of either type. 

Reaction time, defined as the time between the 
onset of the imperative stimulus and S’s key press, 
was measured to the nearest millisecond by a 
Hunter 120A Klockounter. The occurrence of the 
warning and imperative stimuli, which was con- 
trolled by a BRS logic system, and S’s key presses 
were recored on the dynograph. 

During the experiment, S was seated in a com- 
fortable armchair in a partially soundproofed, air- 
conditioned, electrically shielded room, with record- 
ing and control apparatus located in an adjacent 
room. 

Following 8 practice trials, given to provide 
familiarization with the procedure and foreperiod, 
each S was presented with a consecutive series of 
80 experimental trials. Due to equipment malfunc- 
tion on some trials, additional trials were adminis- 
tered so that every S had 80 usable trials for both 
conditions. An average of 2.4 extra trials was 
given, 

No feedback regarding performance was pro- 
vided following the first experimental session. The 
same procedures were used in the second session, 
which was held at least 1 but not more than 5 days , 
later. 

Scoring. 1, Heart rate. Second-by-second values 
of HR were obtained for each S on each of the 
80 trials for both conditions. These measurements 
consisted of a continuous sample of HR beginning 
3 sec. prior to trial onset and ending 5 sec. follow- 
ing presentation of the imperative stimulus. The 
second-by-second values were obtained to the near- 
est 1.0 bpm by reading the cardiotachometer trace 
at each of the 15 points where the trace was in- 
tersected by a second mark. Adjustment was made 
for the fact that the output of the cardiotachometer 
is delayed by one heartbeat. 

2. Performance. Each S’s RT on each of the 
80 trials of both conditions was recorded. In addi- 
tion, by scanning the key press trace on the dyno- 
graph, it was possible to determine whether S' had 
made a correct response. 


TOURS COEPI AM b Ee nee 


Perjormance. Every S achieved a faster 
mean RT in the easy condition than in the 
difficult condition. Over all Ss, the mean 

- RTs were 505 msec. and 587 msec, for easy 
and difficult conditions, respectively. No S. 
showed anticipatory key presses, and the 
mean number of errors was 1.7 for the easy 
condition and 7.4 for the difficult condition. 

Attentional demands and heart rate. 
Figure 1 shows the results of second-by- 
second analysis of HR for the two condi- 
tions. For each S, the 80 trials of both con- 
ditions were divided into four trial blocks of 
20 trials each, and mean second-by-second 
HR values were computed for each block. 
An analysis of variance for repeated mea- 
= sures, with one between-Ss factor (order) 
~ and three within-Ss factors (condition, trial 
block, and second) was performed on the 
resulting data. As shown in Figure 1, tonic 

HR (ie. average HR over the 15 sec. sam- 

pled) during the difficult condition (78.1 

bpm) was significantly lower than that dur- 

ing the easy condition (81.2 bpm), F (1, 

18) = 6.74, p < 02. Heart rate varied sig- 

nificantly across the 15 sec., F (14, 252) = 

28.12, $ < .001. However, the HR response 

curves shown in Figure 1 did not differ 

across the two conditions, since the interac- 
tion between condition and second was not 
significant, 

The analysis also indicated a significant 
interaction between second and trial block, 

F (42, 756) = 2.76, p < .001. Subsequent 
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Ficure 1, Mean second-by-second heart rate for 
the easy and difficult conditions. (The warning 
stimulus occurred at Second 4 and the imperative 
stimulus at Second 10.) 
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analyses revealed that this was a 
increase in deceleration ove: ‘+e, F (3, 54) 
= 3.84, p < .02. 

Order 1 Ss showed gre 


- overall fore- 


period accelerations than © <er 2 Ss, F a, 
18) = 4.55, p < .05; ai rall HR 
creased over trial blocks ° der 1 Ss but 
decreased for Order 2 5: 3, 54) = 
P < 05. 

Relationships betwee: wd perfor 
ance. The relationshi en RT and 
various aspects of car vity was ase) 


sessed on a within- an 
The cardiac measur 
deceleration (1), and 
fined as the change in 
to HR at Seconds ; 
Also included wer 
trough changes, dc! 


;een-Ss. level,” 

acceleration, 
tion (2), de: 
om Second 3 
|, respectively. 
: of peak-to- d 
1e differences 


between acceleratio: wo decelera- 
tions; and tonic HR, is mean HR 
over the 15 sec. sam)! or each S and 


‘sts were used? 
c activity for f 
‘Ts with those 


each condition separat 
to compare measures 
the 10 trials with the 7. 


for the 10 trials with t! est RTs. The 
extremely small percer F significant re-% 
sults indicated that RT iot consistently 
related to any cardiac n s, on a within- 


Ss level. 
Table 1 shows the betw 
for mean RT and the si 
activity for the two co: 
easy and difficult conditi 
the greatest accelerations : 
the foreperiod tended to ! 


5s correlations 2 
of cardiac 
i For both = 

Ss who showed | 
the beginning ofi 
the fastest RTS. % 


Discussion 


Since mean RT for the difficult condition 
was higher than that for the easy condition, 
it is clear that the manipulation of discrimina~ $ 
tion difficulty was successful. In accordance iji 
with the first hypothesis, tonic HR was lower 
during the difficult condition. Thus, if the 
manipulation of task difficulty is accepted 257 , 
a manipulation of attentional demands and in- 3 
take requirements, these data provide cleat 
support for the limited case of Lacey’s intake" 
rejection hypothesis (Lacey, 1959, 1967; n 
et al., 1963). However, the second hypothesi 
that phasic cardiac deceleration is greater ! 
the difficult condition, was not su é 
The virtually parallel HR response cur" 


| 


1 illustrate that the effect of 
ional demands was not re- 
smentation of the deceleratory 


increased ai 
flected in an 


component « e curves, but rather was re- 
flected solel; 2 reduction in tonic level of 
HR. 

The rela: hip between phasic decelera- 
tion and RI orted by a number of investi- 
gators (e.g »nor & Lang, 1969; Coquery 
& Lacey, 19 Lacey, 1967; Lacey & Lacey, 
1964; Obris: al., 1969; Obrist, Webb, Sut- 
terer, & Hov 1970), failed to receive sup- 
port from e within- or between-Ss anal- 
yses. 

On the ot! ind, while within-Ss analyses 
revealed no tionship between cardiac ac- 
celeration ar ced of performance, between- 


ited that greater cardiac ac- 


Ss analyses 
the foreperiod was associated 


celeration d 


with faster 5 The correlation between 
acceleration XT for both easy and difficult 
conditions w 'gnificant, The difference be- 
tween the lts from the between- and 
within-Ss ar es indicates that while accel- 
eration may . good predictor of which Ss 
will have fa: ls, it is not useful in predict- 
ing the spee response on a particular trial 
for a particu S. 

An expla: n for the failure of most pre- 


vious invest. .:ors to find an association be- 
tween accel« Àn and RT may stem from the 
nature of the ‘ask. Connor and Lang (1969) 
found such : clationship using both a simple 
and a disjunctive RT task. However, all other 
Prior researc!: has employed simple RT para- 
digms exclusively. Tt thus seems possible that 
the findings of the present study as well as 
those reported »y Connor and Lang may have 
been a function of the complexity of the task. 
unique feature of the current study was the 
necessity for S to store in memory the warning 
tone Presented at Second 4 in order to com- 
Pare it with the imperative tone at Second 10, 
According to Lacey’s intake-rejection hypothe- 
Sis (Lacey, 1959, 1967; Lacey et al, 1963), 
Cognitive storage coupled with rejection of ex- 
ternal stimuli should produce cardiac accelera- 
tion. Thus, it might have been predicted that 
S who were more successful at storing the 
Raming tone and rejecting external stimula- 
ton at the beginning of the foreperiod would 
P OW augmented acceleratory components and 
aster RTs. 
aay greater complexity of the disjunctive 
aj task or the slow rise time of the tones 
^Y also be responsible for the finding that 
fceleration reaches its nadir 1 sec. following 
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the imperative stimulus. Hatton, Berg, and 
Graham (1970) found that, with 90-db. tones, 
fast rise times were associated with initial ac- 
celerations, while slow rise times ' produced 
initial decelerations. Although these data were 
obtained using nonsignal tones (2-sec. dura- 
tion), they do suggest that the long rise time 
used in the present experiment may have pro- 
duced the prolonged deceleration. 

In conclusion, the lower overall HR ob- 
served during the difficult condition may be 
seen as a response to the greater discrimina- 
tion (and higher intake) requirements present 
during this condition, In this respect, the 
present study provides support for the limited 
case of Lacey’s intake-rejection hypothesis, 
However, the absence of a significant relation- 
ship between phasic deceleration and RT in- 
dicates a failure to support the corollary of the 
hypothesis. 


EXPERIMENT II 


The results of Experiment I raise several 
interesting questions concerning the signifi- 
cance of the difference in overall HR be- 
tween easy and difficult trials when they are 
presented in blocks. The main difference 
between conditions is in the discrimination 
required at the imperative stimulus. If HR 
is related to attentional demands in the 
manner predicted from the intake-rejection 
hypothesis, it would be expected that the 
crucial difference in cardiac activity between 
the two conditions involves HR at the time 
of the imperative stimulus. In the context 
of the present experimental paradigm, this 
leads to the following prediction. If easy 
and difficult trials are presented in a ran- 
domly mixed series, and if S is informed 
at the warning stimulus as to whether the 
subsequent discrimination will be easy or 
difficult, greater foreperiod deceleration will 
be shown on difficult than on easy trials. 
Further, it is expected that there will be no 
difference between easy and difficult trials 
in HR prior to the warning stimulus, since 
S will not know the difficulty of the dis- 
crimination until the warning stimulus. 


Method 


Subjects. Twenty male undergraduate students — 
at the University of Illinois served as Ss on a 
voluntary basis. As in Experiment I, the 3 Ss 
with the fastest RTs received monetary rewards. 


Apparatus and procedure. The apparatus was 
the same as in Experiment I, with the exception 
that S’s heartbeats were recorded on a Hewlett- 
Packard 3960 FM tape recorder, as well as on 
the dynograph. 

Each S participated in two experimental ' ses- 

sions. During the first session, a series of 40 
easy trials and a series of 40 difficult trials were 
presented, separated by a 3-min. rest period. 
Half of the Ss received the easy trials first (Order 
1); the other half received the difficult trials first 
(Order 2). During the second session, all S's re- 
ceived a series of 80 mixed trials, half of which 
were easy, and half difficult. The order in which 
the trials occurred was randomly varied, 
A In both sessions, a warning light occurred at 
the same time as the warning tone. This light, 
— which was red on difficult trials and green on 
easy trials, served to inform S as to whether the 
subsequent discrimination was to be easy or diff- 
cult. The Ss were told that although the light 
was redundant during the first session, they should 
pay attention to it as it would be important in the 
second session. 

Other differences between this experiment and 
Experiment I included a shorter rise/fall time 
for the tones (5 msec.), and a longer intertrial 
interval, which varied between 22 and 28 sec, 
_-with a mean of 25 sec. 

Scoring. 1. Heart rate. Second-by-second anal- 
ysis of HR was provided by an IBM 1800 com- 
puter using procedures described by Coles (1972). 
These procedures are equivalent to an automated 
version of the hand scoring procedures used in 
Experiment I. For each trial, 18 HR values were 
Obtained representing HR for each of the 5 sec. 
preceding the warning stimulus, HR during the 
warning stimulus, HR for the 5 sec. of the fore- 
. period, HR during the imperative tone, and HR 

. for the subsequent 6 sec. 

2. Performance. Reaction times and Ss' ac- 
curacy were determined for each trial in the man- 
ner described in Experiment I. 


Results 


Performance. Reaction times were sig- 
‘nificantly longer for difficult trials compared 
to easy trials, both for the first session, when 
the trials were presented in blocks, and for 
the second session, when easy and difficult 
trials were randomly presented, In the 
second session, half of the easy trials and 
half of the difficult trials involved the pres- 
entation of the same tone for warning and 
imperative stimuli. Therefore, these trials 
were equivalent except for the different 
warning light. Since RTs were signifi- 
cantly longer on difficult “same” than on 
easy "same" trials, Ss were clearly paying 
attention to the warning light, 
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Attentional demands a 
blocked trials. An anal 
used to compare cardi 
easy and difficult conditi 
first session. Trials were 
of 20, yielding two tria 
dition. A significant 
condition and order, F ( 
.01, indicated that over 
18 sec. sampled) was hig! 
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‘eart rate for 
variance was. 
vity for the 
given in the 
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: for each con- 
ion between 
= 15.18, p <> 
(across the 

r the condi- 


tion presented first reg of its diffi- 
culty. Heart rate wz gher for the 
difficult condition, F ) = 6.22, p< 
05, in direct contrast t esults of Ex- 
periment I. The sha; e HR curve 


; Experiment: 

the point of 
lent with the” 
HR tended to 
* (1, 08) 
ction between 
t significant, 
he HR curye 
conditions. 


was similar to that obt 
I; although in this 
peak deceleration wa: 
imperative stimulus. 
decrease over trial 
14.36, 9 < .001. T 
condition and secon 
indicating that the s 
did not differ between 


Attentional demand. t for random 
trials. Second-by-sc data for easy 
and difficult trials we ed separately, 
yielding two blocks of each for the 


two types of trials. An 


‘is of variance 
on the resulting data revealed a 


a significant - 
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Ficure 2. Mean second-by-second heart rate 1 
easy and difficult trials when presented in a E 
dom series. (Letters w and i indicate the ue 
rence of the warning and imperative stimuli, T 
spectively.) 
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TABLE 1 
Bet’ ^EN-SS CORRELATIONS FOR REACTION TIME AND Tonic Heart Ra’ 
DECELERATION, AND PEAK To TROUGH cee 
Cardiac activity 
Condition ssion type 
Tonic HR Ace, Dec. (1) Dec. (2)b P-T (1) P-T (2) 
Experiment I 
Easy a —.28 .44* 05 —48 —41 —.56** 
ifferent $ 
Difficult 20 -46* 10 sul —.22 7:96 
Experiment II 
Easy vf .02 —.05 = —.07 — 
same 
Difficult 30 -36 226 a — 50% e 
Easy „31 49 —.48* —.52* e 
Random 
Difficult .07 43 —.60* A =.53* me 
Experiment II 
Easy 30 32 —.35 —.12 —.46* —.31 
ime 
Difficult —.07 AT —.51* =.31 -.58** —.45* 
Fasy E —40 46* —.54* —.28 E —.44* 
, different 
Difficult —.07 .15** —.26 —13 —.57* —.05 


bbreviations: HR = heart rate; Acc. 
7t rate to the level at the imperative 


Interaction between condition and second, F 
(17, 306) 321, p «.001, indicating that 
the shape of the HR curve was different for 
the two conditions (see Figure 2). Subse- 
Quent analyses revealed that deceleration, de- 
fined as the difference between the mean of 
the five prewarning stimulus HR values and 
HR at the imperative stimulus, was greater 
for difficult than for easy trials, F (1, 18) = 
510, $ <.05. As predicted, the difference 
etween easy and difficult trials in HR prior 
to the warning stimulus was not significant, 
F (1, 18) = à. 

Relationships between HR and perform- 
once. Between-Ss correlations were com- 
Puted to determine the relationship between 
vh S's average RT and mean values of 
Our aspects of cardiac activity: tonic HR, 
acceleration, deceleration, and peak-to- 
tough change. These measures were de- 


= acceleration; Dec. = deceleration; P-T = peak to trough. 
stimulus. 
vart rate to the level 1 sec. following the imperative stimulus. 


fined as the mean of the five HR values for 
the period prior to the warning stimulus, 
the differences between this value and HR 
3 sec. into the foreperiod and HR at the 
imperative stimulus, and the difference be- 
tween the values for acceleration and de- 
celeration, respectively. The correlations are 
given in Table 1. For both easy and diffi- 
cult trials in the random condition, Ss with 
the greatest decelerations and  peak-to- 
trough changes tended to show the fastest 
RTs. For the difficult series of the first 
session, peak-to-trough change also pre- 
dicted RT. 
Discussion 

The most perplexing finding of this experi- 
ment concerns the failure to replicate the dif- 
ference in tonic HR between easy and difficult 
conditions found in Experiment I. One major 


and II involved the presentation of the two 
conditions in the same or separate sessions. 
While there were no effects of order when the 
conditions were given in separate sessions 
(Experiment I), there was a clear effect of 
order when the conditions were given in the 
same session (Experiment II). Furthermore, 
in Experiment II, tonic HR was higher for the 
difficult condition. In order to reconcile the 
discrepant results of the two experiments, it 
is necessary to hypothesize the following. 
— First, the strong order effect swamps the sub- 
- tle effect of difficulty. Second, if low tonic HR 
accompanies increased sensory sensitivity, Ss 
initially do not respond appropriately, but at- 
tain the appropriate HR level over time, 
- (There were fewer trials in Experiment II). 
"There was some evidence (p= .15) of an in- 
teraction between condition and trial block, 
suggesting that HR level decreased more dur- 
ng the difficult than during the easy condi- 
tion. Experiment III was designed to examine 
some of these hypotheses. 
One procedural difference between Experi- 
ments I and II involved the shorter rise time 
used for tone presentation. The finding that 
the point of peak deceleration was coincident 
with the imperative stimulus suggests that rise 
time is indeed related to phasic HR change 
(cf. Hatton et al., 1970). 
- The data for the randomly presented trials 
supported the hypothesis. Easy trials were as- 
sociated with smaller decelerations than were 
difficult trials, suggesting that, indeed, the 
crucial difference between conditions is in the 
attentional demands present at the imperative 
mulus, 
j There was no difference between conditions 
in peak-to-trough change, indicating that this 
mponent of phasic HR change is not related 
to attentional demands; however, the correla- 
t nal data showed that, independent of con- 
dition, Ss who exhibited large peak-to-trough 
! changes tended to react faster. Deceleration 
was related to RT, but only for the random 
condition, These results, taken with those of 
E Experiment I, indicate that the relationship be- 
tween phasic HR change and RT may vary 
according to the situation. 


ExPERIMENT III 


The data of the first session of Experi- 
ment II question the reliability and robust- 
mess of the relationship found in Experi- 
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Reaction times were recorde nalogue form 
on the FM tape recorder, ia t to the pre- 


vious experiments. 

Scoring. 1. Heart rate. Se 
ues of HR were provided in 
in Experiment II. 

2. Performance. Reaction t 
by an IBM 1800 computer us 
on the analogue recordings. ^ 
responses for each trial was detc 
cedures described in Experiment 


second val- 
e manner as 


were provided 
timing routines 
curacy of Ss’ 
ied using pro- 


Results 


Performance. Reaction time data tended 
to support the previous studies, in that 
longer RTs occurred on difficult trials. 

Attentional demands and HR for blocked 
trials in the same session. The HR data for | 
the blocked trials presented in the first ses- 
sion were averaged to yield second-by-sec- 
ond HR values for two blocks of 20 trials 
for both of the conditions. An analysis of 


T CPP ER aoe ee 


DISCE: 
| variance o: ‘hese data failed to indicate a 
significant : <in effect of condition. How- 
ever, a sig" :;cant interaction between con- 
dition and order, F (1, 18) = 17.43, p< 
001, indic. ^i that HR was highest on the 
condition v ich Ss performed first, regard- 
less of the . "culty of the condition. The 
interactior tween condition and second 
| Was not sia ficant, implying that the HR 
curves for two conditions were parallel. 
A significa’. second effect, F (17, 306) = 
23.26, p < , confirmed that HR changed 
during eac': ‘rial. The shape of the HR 
curve was . nilar to that obtained in the 
previous t -xperiments, although in this 
case the p: of peak deceleration occurred 
between ti imperative stimulus and the 
following scond. 
Attention! demands and HR for blocked 
trials give different sessions. Second- 
= by-second data were averaged sepa- 
rately for wo conditions to yield values 
for four blc <s of 20 trials for each condi- 
tion, Ove HR during the difficult con- 
dition (71. bpm) tended to be lower than 
that during ihe easy condition (75.0 bpm), 
F (1,16) == 3.61, p=.07. The interaction 
between condition and second was not sig- 
nificant, again indicating that the HR curves 
for the two conditions were parallel. There 
Were no siguificant differences between the 
different Orcer groups. 
A second analysis was performed to de- 


termine whether there was a significant dif- 
lerence between the conditions in the level 
of HR at the time of the imperative stimu- 
lus. This analysis indicated that HR at the 
imperative stimulus for the easy condition 
(70.5 bpm) was higher than that for the 
difficult condition (67.3 bpm), F (1, 16) = 
442, p= 05). 

Relationships between HR and perform- 
ance. These telationships were assessed on a 
between-s's basis by correlating mean RT 
With several measures of cardiac activity 
Or each condition separately. The mea- 
Stites Were defined according to procedures 
described in Experiments I and II. The cor- 
relations are presented in Table 1. These 


- “Srrelational data indicate that Ss who 
. Showed large foreperiod accelerations had 
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faster RTs than their counterparts, when 
easy and difficult trials were given in sepa- 
Tate sessions. The Ss who showed the 
greatest decelerations (from the level prior 
to the warning signal to the level at the im- 
perative stimulus) tended to react faster 
than their counterparts, although the cor- 
relations were only significant for two of the 
four conditions. Peak-to-trough change at 
the imperative stimulus (1) was the best 
predictor of RT for all conditions. 
Discussion 

The procedures used in Sessions 1-3 of Ex- 
periment III duplicated those used in Session 
1 of Experiment II and Sessions 1 and 2 of 
Experiment I, respectively, 

When the easy and difficult conditions were 
given in the same session, a strong order effect 
indicated that HR level was highest for the 
condition S performed first, regardless of diff- 
culty. While this result replicates that of Ex- 
periment IT, no difference in tonic HR between 
conditions was found. However, a difference 
was found when the conditions were presented 
in separate sessions; replicating the data of 
Experiment I, with respect to both the direc- 
tion and magnitude of the difference. Tonic 
HR tended to be lower during the ‘difficult 
condition. 

The correlational data again indicated that 
phasic HR changes, notably acceleration, de- 
celeration, and peak-to-trough change, were 
related to speed of response. The data for ac- 
celeration specifically replicate Experiment I 
in that the correlations were significant only for 
easy and difficult conditions presented on sepa- 
rate occasions. Peak-to-trough changes are 
clearly the best predictors of RT. 

Taken together, the experiments demonstrate ; 
that, under certain conditions, tonic HR is in- ~ 
versely related to discrimination requirements, 
These data provide support for the special case 
of the intake-rejection hypothesis, dealing with 
intake. The finding of differential decelerative 
changes as a function of discrimination diffi- 
culty when trials are randomly presented also - 
supports the hypothesis.  Correlational evi- 
dence indicated that peak-to-trough change 
was the most reliable predictor of between-Ss 
differences in RT. Since decelerative change 
per se was not as powerful a predictor, it may 
be inferred that initial accelerative changes 
have a functional role in the particular type of 
task used here: namely, when the warning 


ulus. has informational value concerning 
ie nature of the response required. 
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:CALL TRANSFER AND INDIVIDUAL DIFFERENCES 


IN SUBJECTIVE ORGANIZATION: 


Dalhousie University, Halifax, Nova Scotia, Canada 


) experiments were conducted to determine whether whole-part and 
learner being a good or a poor sub- 
When high organizers organized and 
rmed better during the initial learning task, they had some difficulty 
achieved a better final level of learn- 
When there was no difference between 
and low organizers in their acquisition of the first list, either in per- 
ince or in organization, high organizers transferred better to the 
d task whether it consisted of altogether new or some old and some 
items, The results were discussed in terms of the organizational in- 


-SIX consecu: 
them) had n 
When the per! 
to-be-learned 
performance 
- items, Howe 
longer list 
memory (th 


trials (prior to learning 
ffect on subsequent learning 
mance of Ss who repeated the 
"ns was compared with the 
Ss who repeated unrelated 
>r, Ss who learned part of a 
was to be committed to 
part-whole condition) did 
find their subsequent learning of the longer 
list affected. The performance of preex- 
! Posed Ss during the early trials of the trans- 
fer task was inflated and their performance 
(during the later trials of the transfer task 
Was depressed, Tulving attributed these 
Tesults to inappropriate organization of the 
Mransferred items interfering with the or- 
Sanization of the old and new items to- 
Sether into an organized whole, Tulving 
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MARCIA EARHARD 2 
--whole transfer depended on the 
ve organizer during free recall. 
‘erring for a few trials and then 
than did the low organizers, 
tation of the negative transfer from 
ization and free recall. 
The curre nterest in free-recall trans- 
fer stems lar from four experiments by 
Tulving (1: who demonstrated that 
prior repeti . of materials to be learned 
had no effec: -~ the subsequent memoriza- 
tion of that » terial. Tulving found that 
Simply readii the to-be-learned items on 


whole to part and from part to 


e lists, and in terms of the basis for individual differences in subjective 


and Osler (1967) introduced the whole- 
part design in which Ss learned a longer 
list first, and then either part of the longer 
list or an equivalent number of new items. 
The results indicated that Ss having to 
memorize part of a longer list that they had 
already mastered performed more poorly 
than Ss who had not seen the test list prior 
to the second task. 

Considerable research has been directed 
toward testing the notion that incompatible 
prior organization of the material to be 
learned in List 2 is responsible for the prob- 
lems encountered by Ss in the experimental: 
groups in improving their performance. 
The amount of negative transfer from List 
l to List 2 has been found to be related to 
the number of trials of List 1 practice 
(Wood, 1969) ; sometimes the phenomenon - 
is not related to whether or not Ss are 
aware of the relationship between the two 
lists (Wood & Clark, 1969), but the dif- 
ferences disappear at other times (Novinski, 
1972). A number of studies have shown the 
acquisition of the old and new items in List 
2 separately (Birnbaum, 1969; Novinski, 
1969), but there is some disagreement con- 
cerning which of these items caused the 
problem for the experimental Ss: Novinski 
concluded that the locus of the disadvantage 
for the experimental Ss was found in their 
recall of the old items, whereas Birnbaum 
attributed the differences among her three 
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experimental groups to differences in the 
acquisition of the new words. 
A number of studies have manipulated the 
comparability between List 1 and List 2 
optimal organization in an effort to bolster 
— the hypothesis that it is the incompatibility 
between List 1 organization and List 2 op- 
timal organization that causes the part- 
_ whole and whole-part effects (Birnbaum, 
1968; Bower & Lesgold, 1969; Ornstein, 
1970; Roberts, 1969; Wood, 1969). For 
example, Wood presented Ss with a paired- 
associate task for List 1 and varied List 2 
to consist of either all the stimuli or all the 
responses of List 1, or to consist of both 
- members of several pairs from List 1. He 
found that the amount of negative transfer 
depended on whether or not the organiza- 
tion of input from List 1 was maintained 
(see also Johnson, 1972). The easiest task 
was the one in which stimuli and responses’ 
from the first list were presented in an 
order of presentation that maintained the 
pairwise sequence (ie. where a stimulus 
was followed by its response in the List 
2 free-recall task). Ornstein compared 
blocked and randomly ordered input of old 
and new items and found that blocked pres- 
- entation of the old and new words resulted 
in positive transfer, while Roberts found 
that recall of the new words before recall of 
he old ones leads to a significantly higher 
evel of performance. Birnbaum manipu- 
‘lated the number of category instances per 
. category that were carried over from List 
1 to List 2, i.e., List 2 contained either 3 
Y intact categories of four items each, two 
. items from each of 6 categories, or one item 
from each of 12 categories, which Ss had 
learned as List 1, She concluded that the 
degree of correspondence between the part 
and whole list organizational units is im- 
portant in the determination of the rate of 
List 2 learning. Bower and Lesgold (1969) 
described the problem for experimental Ss 
as the “pernicious persistence of the initial 
categorizations of hypotheses in the face of 
conflicting evidence . . . which in the pres- 
ent case are doing a fair but nonoptimal job 
of classifying or organizing the whole list of 
words [p. 505]." Nevertheless, there are 
some important recent results that challenge 


this position. Slamec 


(1972) have demo: 
sion criterion is high 
condition because he ma; 
the discrimination of wi 
the whole list contained. 
The present experim-. 
investigate the whole 
whole effects by using paradigms to 
follow up some previou es which pur] 
ported to isolate factor iated with in- 
dividual differences i 
tion that result in 
ving (1962) has 
the sequential subjec 
which takes place 
unrelated words, 
positively correlated wit! 
hard (1967) and ! 
(1969) showed tha 
superior subjective 
correlated superior f: 
ter at paired-associa! 
call, and recognition : 
are no better than lo: 
in short-term memor 
might be expected, t 
because of their better, 
tion of List 1, would 
recall transfer than 
experiments reported b 
to test that hypothesis. 


Meruop 
e Ss were Dalhousie 
le, who participated 
» establish the SI 


Subjects and pretest. 
undergraduates, male anc 
as a course requirem: 
score for each S, the consisted of a 16- 
trial free-recall experiment during which each 
trial consisted of the presentation of 22 Engli 
words of a variety of Thorndike-Lorge frequen 
cies (Thorndike & Lorge, 1944) at the rate 0 
1 sec/word and the written recall of those wor 
for 90 sec. from the presentation of the last wot! 
in the list. The Ss’ recall protocols were andi 
by computer, which provided for each one m" 
SO2 score that takes into account the number 0 | 
pairs of items that Ss recall in the same or d 
order from trial to trial. The range of SO scores qr 
was from .20 to .55 with a median of .33. Td 
Ss whose scores fell below the median were p^ 
trarily designated as low-subjective ore ee 
(LSO), while those Ss whose scores fell a A 
the median were designated as high-subjective i 
ganizers (HSO). Half of the HSO and hal M 
the LSO Ss were randomly assigned to eac 


t 


C rs ee 


[ 


FREE- 


the two ex; nents to be conducted, and within 
each experis:: it half of the HSO and half of the 
LSO Ss w assigned randomly to the control 
and experi al conditions, 15 Ss in each of 
the four gi. »s in each experiment. However, 
2 Ss were : ailable to continue in the research 
and it wa ‘cessary to randomly reduce all 
groups to |» ^» number, 

Experim: ': Design and materials. In Ex- 
periment | whole-part paradigm was fol- 
lowed, Th were four groups of Ss, two of 
high-subjec: rganizers (HSO) and two of 
low-subject rganizers (LSO). One group of 
each of the vas assigned to the experimental 
condition ( ) for which List 2 was part of 
List 1, whi 1e of each of these was assigned 
to the contr dition (C) for which List 1 and 
List 2 were elated. The W-P and C groups 
learned diff first lists of 20 words for 16 free- 


2 was 10 words in length, the 
the whole-part and control groups, 
d for 8 free-recall trials. 


recall trials 
same for b. 


and was le There 
were four rent whole lists of 20 common 
houns each, from each of the four different 
whole lists : different random samples of 10 
Words werc for the part lists, so that there 
were 12 co: ‘tions of the four lists and three 
samples, 1 o' which was assigned at random to 
the various To accommodate the 15 Ss, 3 
of the con ‘ions randomly chosen occurred 
twice. The us in the part lists were presented 
m a differen ndomly determined order on each 
trial, but in presentation of the whole lists 
there were | eight different input orders each 
Of which was = peated once, 

Procedure. ‘The Ss were tested individually 


with standar 
mention was 

learning an 
tionship bets 


instruction for free recall No 
'de of the second list prior to List 
1» mention was made of any rela- 
1 the items in List 1 and List 2. 


words apoeared one at a time, in the window 
Of the Stowe memory drum and S was asked to 
Pronounce ? word as it appeared. The words 
of both Lists | 2nd 2 were presented at the rate 
of 1 word per sec, and there were 40 sec. on 


fach trial for oral free recall of the whole list 
and 20 sec. on each trial for the part lists. 

“periment IT. In Experiment II the part- 
Whole paradigm was used. All the details of this 
“periment were the same as those of Experi- 
ment I except that Ss learned one of the four 
Dart lists for eight trials first, and then a 20-word 
Whole list for eight trials. 


Resutts AND DISCUSSION 


Experiment I. The results of Experiment 
| Indicated no preliminary reliable differ- 
Nees during List 1 among the learners ac- 
dine to the conditions of List 2 practice. 

eWever, there was a significant main effect 
f Subjective organization, F (1, 52) = 
Ev ?-«.01, and the interaction between 
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trials and subjective organization was sig- 
nificant, F (15, 780) 2.01, p<.05. The 
average SO for the high organizers was 
30.4 and the average SO for the low orga- 
nizers was 25.6, and this difference was sig- 
nificant, F (1,54) = 8.55, p < .01. Thus the 
high organizers both organized and per- 
formed better during the learning of Whole 
List 1. 

The course of learning of List 2 in the 
whole-part experiment is shown in Figure 
1. The W-P Ss did better than the control 
Ss during the first trial, but high and low 
organizers within the W-P and C groups 
performed almost identically. Control high 
organizers did consistently better than con- 
trol low organizers after Trial 2, The W-P 
high and low organizers performed similarly 
until Trial 5, at which time the W-P-HSO 
Ss began to show a superiority over the 
W-P-LSO Ss, and this continued until the 
experiment terminated, Because the pic- 
ture here was rather complex and different 
effects appeared early and late in learning, 
eg., all groups seemed to have ceased im- 
proving after Trial 4, two analyses of vari- 
ance were performed. The first analysis 
included Trials 1-4 and resulted in a sig- 
nificant effect of trials, F (3, 156) = 82.48, 
P <.01, and a significant interaction be- 
tween trials and conditions, F (3,5156) 


MEAN PERFORMANCE 


e... CONTROL HIGH 


Figure 1. Mean recall on List 2 of the whole- 
part (W-P) paradigm for high and low orga- 
nizers, and control and W-P groups as a function 
of trials. 
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13.07, p « 01. There were no significant 
. effects involving SO (F <1). During the 
early learning trials of List 2, then, per- 
formance depended on practice and whether 
or not the list contained previously learned 
The SO classification was not a 
The second analysis of 
variance included Trials 5-8 and resulted 
in only two significant main effects: for 
conditions, F (1, 52) = 13.83,  « .01, and 
lor subjective organization, F (1, 52) = 
Otherwise all effects were 
“nonsignificant including trials (F <1). Im- 
plication of this latter result is that none of 
the groups continued to add to their recall 
after Trial 4; all groups had reached an 
asymptotic level of performance, but the 
different asymptotes depended on the con- 
dition and the SO classification of the dif- 
ferent groups. 

To summarize, despite their better or- 
ganization of List 1, the high organizers 
were able to reach a superior final level of 
learning in both the W-P and control 
groups, despite their early equivalence with 
the low organizers, 

Experiment II. The results of List 1 of 
Experiment II for the mean number of 
words per trial for th 
7.5 (control-LSO 
7.6 (control-HS 


relevant variable. 


e four groups were 
), 74 (part-whole-LSO), 
O), and 7.5 (part-whole- 


MEAN PERFORMANCE 


Figure 2. Mean ri 
whole (P-W) paradi 
high and low organi: 


ecall on List 2 of the part- 
gm as a function of trials for 
zers in the control and P-W 
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HIM E 
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$5 NEW 
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Teer ar a 6 
TRIALS 3 
Ficure 3. Mean recall on six ; of List 2i 
of the part-whole (P-W) paradi: a function 7 
of trials for high and low organizers divided ac- 
cording to whether the items recaiicd were old 
(learned during List 1) or new 
HSO); hence, there were n iable dif- 
ferences in performance. The «verage SO 
for the low organizers was 2 and 25.92 
for the high organizers, and : lifference 
was not significant. Appare then, the 
short list and few trials pro: here did 
not allow a difference to de either ing 
performance or SO. Neverthe! the ques- 
tion as to whether high and organizers © 
differ in their ability to transicr from one 
task to another, even from sitar compe- 
tence with the short part list, remains, and 
for this reason the data below are presented. 
The results of List 2 of Experiment II 


are shown in Figure 2. The iriple inter- 
action among trials, conditions, and SO was 4M 
not significant, F (15, 780) = 1.33, p € .05. 
Both the interactions between trials and : 
conditions and trials and SO were signifi- 
cant, F (15, 780) — 6.88, p —.01, and F 
(15, 780) — 2.93, p< .01, respectively, as 
was the main effect of SO, F (1, 52)= 
444, p <.05. The interaction between | 
trials and conditions indicates that for both 
the high SO and the low SO, the control XE 
performance was inferior to the P-W per- 
formance during the very early trials of List | 
2, but eventually the control Ss reacht 
higher level of performance than did the 
P-W groups. The interaction between - 
trials and SO stems from the fact that only 
after Trial 3 did the two curves of high an 


low organize: diverge. Thus, the differ- 
— ence between : zh and low organizers devel- 
- oped over t: 

Figure 3 ws the trial-by-trial per- 
-formance fo ials 1-6 of List 2 of the two 
L part-whole © ups subdivided according to 
| whether the . ms had been present in the 

part list (ol! or not (new). (Beyond Trial 

7,the curves ¿r the old and new items were 
indistinguish: ec.) The graph shows that 
both high a: | low organizers favored the 
new words r the old ones throughout 
most of the ly part of learning, the ex- 
ception bein- Trial 1. Analysis of variance 
of these data ‘vealed significant interactions 

between tri ind new vs. old words, F 

(5, 130) = ^, p <.01, and between trials 

and SO, / 130) = 3.85, p<.01. The 

former rest very much in line with the 
findings of vinski (1969), who showed 

à consisten: -nperiority of new items after 

Trial 1, t! rgest differences being seen 

from Tria! 6. It is not similar to the 

findings of > rnbaum (1968) after a similar 
analysis, si she found that the curve for 
the old iter. never rose but had an almost 
zero slope, »:creas all of the learning which 
took place her experiment was of the 

New items. Relevant at this point is the 

argument of Slamecka et al. (1972), who 

maintained that at least part of the part- 

Whole probicm results from the establish- 

ment of a strict criterion at the beginning 

of List 2 learning for which words were 
and were not carried over. This criterion 


might lead P-W Ss to omit items that they 
- remembered but were not certain of their 

list membership. This is certainly one way 
of interpreting the behavior of the high- 
and low-SO Ss with regard to the acquisi- 
tion of the old words carried over to the 
Second list. It is not clear, however, why 
this effect should begin after Trial 1. 

One consistent point of commonality be- 
, tween the results of the first and second ex- 
Periments is that on every occasion where 
Subjective organization was a relevant varia- 
ble, during the learning of List 2 of the 
-W experiment and Lists 1 and 2 of the 
- N-P experiment, the differences between 
- high and low organizers appeared after 
Some initial trials during which there were 
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no differences, This was also the case 
for the free-recall experiment of Earhard 
(1967). The result makes perfectly good 
sense in terms of the real meaning of the 
SO measure being the degree of consistency 
of pairwise repetitions of items during re- 
call from trial to trial, and it points out one 
way in which the analysis of Gorfein (1971) 
may be faulty. Gorfein recommends the 
use of free-recall performance rather than 
SO as the basis on which to divide Ss in 
experiments of this type. If this had been 
done here we would have no way of ex- 
plaining the development of the differences 
between low and high organizers over trials. 

General conclusion. The first lesson to 
be learned from the data presented above 
is that when high organizers and low orga- 
nizers learn materials to similar levels of 
competence and similar degrees of organiza- 
tion, the high organizers are able to transfer 
better than the low organizers to a new 
task that involves either completely new or 
some new and some old materials. Second, 
even where high organizers do better than 
low organizers in organizing and learning 
the initial task, the high organizers reach a 
more elevated level of final performance 
whether the task involves all new items or 
not, but there is an initial period during 
which their performance is indistinguishable 
from that of the low organizers, presumably 
due to some difficulty in organizing the sec- 
ond set of material. There is not only some 
support here for the interpretation of nega- 
tive transfer effects in terms of organization 
difficulty in the initial performance of high 
organizers, but also some support for the 
notion that the superiority of the high sub- 
jective organizers is a more general ability 
than simply a greater tendency to remember 
words in the same sequence from trial to 
trial. The pursuit of the exact parameters 
of this individual difference remains an un- 
fnished endeavor (see Melton, 1967; 
Jenkins, 1967). 
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TACTILE APPARENT MOVEMENT: 
THE EFFECTS OF NUMBER OF STIMULATORS: 


JACOB H. KIRMAN? 
Queens College of the City University of New York 


ludgments of tactile apparent movement as well as judgments of simul- 
aneity and successiveness were obtained from six Ss as a function of vari- 
ition in the number of sequentially activated vibratory stimulators. Inter- 
timulus onset interval (ISOI) and stimulus duration were also varied. 
it was found that the frequency of judgments of continuous movement in- 


j creased monotonically as 
ight. 


the number of stimulators increased from two to 
Longer durations also increased 


the frequency of apparent move- 


nent judgments, and when long durations were combined with a large 


umber of stimulators, 
ntire range of ISOIs 


good apparent movement was obtained over the 
tested. Increases in apparent movement resulting 


rom larger numbers of stimulators were accompanied by decreases in si- 


nultaneous judgments, 


with successiveness judgments unaffected. Increases 


n apparent movement due to lengthening stimulus duration, however, were 
:ssociated with decreases in successiveness judgments, while simultaneous 
udgments did not significantly change. 


Severa estigators have established that 
tactile ap; ent movement can be obtained 
reliably \ both vibrotactile and electro- 
Cutaneous muli, It has been shown that 
both inte: imulus onset interval (ISOI) 
and stim duration exert major influ- 
ences on phenomenon (Gibson, 1963; 
Kirman, +; Sherrick & Rogers, 1966; 
Sumby, 1-15), All of these studies uti- 
lized twe nulators to produce an illusion 
of move: The present author, while 
Working o> tactile displays for speech, be- 


Came inter: sted in determining the conditions 


for tactil pparent movement when more 
than two stimulators were successively acti- 
- vated, 7 literature on tactile apparent 
Movement did not provide clear information 
On the effects of number of stimulators on 


either the impressiveness of movement or 


Lon the temporal intervals required to pro- 


duce optimal movement, While several. in- 
Véstigators reported qualitative observations 
that the illusion of movement is enhanced 
by Increasing the number of stimulators, the 
effect had not been quantitatively established. 
EB————- 
` This research was supported by Public Health 
Service Grant 2 ROI NS 06205. 
"x, œEquests for reprints should be sent to Jacob 
H. Kirman, Department of Psychology, Queens 
College of the City University of New York, 
lushing, New York 11367. 


One of the first reliable observations of 
tactile apparent movement was obtained by. 
Bice, who, using six vibrators distributed 
around the chest, reported a very impres- 
sive “swirling” motion (Bice, cited by Geld- 
ard, 1961). Later, Sumby (1955) found 
that two stimulators are all that are required 
to produce good tactile movement. More 
recently, Bice compared a two-vibrator and 
a four-vibrator display in an attempt to de- 
termine “whether a four-vibrator display 
would provide a more reliable illusion 
[1969, p. 576].” While Bice found that a 
four-vibrator display resulted in significantly 
more accurate judgments of the direction 
of apparent movement, he did not report 
any effect of the number of vibrators on 
the “reliability” of the illusion of movement, 
and his paper gives the impression that all 
stimulus conditions yielded such high rat- 
ings of apparent movement that no differ- 
ential effects could be observed. Bliss and 
Crane (1965) compared the impressiveness 
of tactile apparent movement produced by 
two stimulators with that produced by three, 
and although they reported that the effect 
was more impressive with three stimulators, 
they gave no quantitative data on the com- 
parison. Similarly, Sherrick (1968) sug- 
gested that increasing the number of tactile 
stimulators above two expands the range 
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of ISOIs that result in good apparent move- 
ment, but again, no quantitative data were 
reported. Apparently, the only study pub- 
lished to date which reported quantitatively 
on the effects of number of stimulators on 
tactile apparent movement is that of Hill 
and Bliss (1968). Although it was not the 
major focus of their investigation, these 
authors had Ss rate the smoothness and 
continuity of apparent movement with two 
and three sequentially presented stimuli. 
"They found that the number of stimuli had 
no statistically significant effect on apparent 
movement ratings. 

The present study was designed to evalu- 
ate the effects of varying the number of se- 
quentially activated stimulators on both the 
impressiveness of tactile apparent movement 
and on the range of ISOIs over which op- 
timal movement can be obtained, The ef- 
fects of experimental variables on judgments 
_ of successiveness and simultaneity were de- 
_ termined as well. 


METHOD 


Subjects. The Ss were six undergraduates at 
Queens College of the City University of New 
York, none of whom had prior experience with 
experiments using tactile stimulation or apparent 

. movement. They were selected from a group of 
10 Ss who had been given a screening test con- 
sisting of four presentations of six of the stimuli 
to be used in the experiment. Four Ss were 
dropped because of the poor reliability of their 

ratings of apparent movement in this screening 
test. The remaining 6 S's were paid by the hour 

- for their services, 

_ Apparatus, The tactile stimulators that con- 
tacted the S's’ fingers were bronze rods, .0635 cm. 
“in diameter and rounded at the tip, that pushed up 

_ from ,3175 cm. holes in a Plexiglas rest plate which 

. Served both to maintain the finger surface in a 
constant position relative to the stimulators and 
to minimize traveling waves on the skin surface 
between stimulus sites. These rods were direct 

. extensions of the spring-loaded armatures of minia- 
ture solenoids (Electro-Mechanisms Corp. SP-18) 
i which were vertically mounted below the Plexiglas 
plate. The return excursions away from the skin 
surface of the solenoid armatures were limited by a 
back plate covered with foam rubber. This served 
to limit the return travel of the armatures without 
producing noticeable noise. The noise resulting 
from solenoid activation was judged to be suffi- 
ciently undetectable to warrant the carrying through 
of the experiment without requiring Ss to wear 
sound-attenuating ear covers, Eight solenoids were 
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arranged in a straight line with a c r-to-center. ^ 


distance of .508 cm. They were ac: ed by L5- 
msec. square wave pulses of about vhich pro- 
duced clearly felt but not painít " on the 
skin. Since the inactive positio: bronze 


rods was below the surface of the slas plate, 
they made only momentary conta: the skin 
at each pulse. The two stimulus ions used 
in this experiment consisted of trair these pulses 
at a repetition rate of 100 pulses pc For ease 
of presentation, the stimulus durati described. 


by the interval between the onset « first pulse 
and the onset of the last pulse. T > duration 
described below as 10 msec. consi two 15- 
msec. pulses with a 10-msec. intery een their 
onsets, and the duration describe 100 msec, — 
consisted of 11 such pulses each « se onsets 
was separated by 10 msec. It shou noted that 
duration refers here to the length « ulse train 
at each stimulator, The time for the 
overall presentation of a given st item was 
a function not only of stimulus < but also 
of the number of stimulators sequ activated 
and of the ISOI used for that i: he ISOI 
is the time interval between ons: uccessive 
activation of two or more stimu t is the 
same measure sometimes designat ulus on- 
set asynchrony. The activation of ropriate 
solenoids at the proper intervals rolled by 
a Datamec digital tape transpor vich had. 
been written as individual recor: of the 
selected stimulus conditions. 

Procedure. The S was se: s right 
index finger was positioned on iglas rest 
plate so that the two most dist 1mulators 
(3.556 cm. apart) were under thc shy pads 
at the distal end of the finger. A! beginning: 


posed to 

i consider- 
produced 
xperience of 
:biish. criteria 


of the first experimental session, Ss 
several examples of stimuli that 
ably in the impressiveness of move:n: 
in order to acquaint them with th 
tactile apparent movement and to cst 
for judgments. The Ss were asked 
uli as follows: "A" if they c 
impressive and continuous movement í 
point to the other; “B” if the experienced moye- 
ment was definitely present but was cither unim- 
pressive or discontinuous between the two. end- 
points; ^C" if the movement was very partial or 
ambiguous ; and “zero” if they definite!y experienced 
no movement. Furthermore, Ss were asked to 
specify whether the zero-movement conditions were 
experienced as "successive" or “simultaneous”. : 
The 60 stimuli used in the experiment varied im 
duration, ISOI, as well as number and locus of 
stimulated sites. Each of two durations (10 and 
100 msec.), combined with each of six ISOIs (20, 
30, 50, 70, 80, and 110 msec.) was replicated across 
five different arrangements of stimulators. These 
arrangements included: two stimulators .508 cm. 
apart, four stimulators .508 cm. apart, and eight 
stimulators .508 cm. apart. In addition, a two: 
stimulator condition was included with an inter- 


z x we 
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istance equal to the distance between 
és of the four-stimulator condition 
as well as a two-stimulator condition 
rstimulator distance equal to the dis- 
o endpoints of the eight-stimulator 
556 cm.). These 60 stimulus condi- 
vesented once each to Ss in a random 
each of 10 sessions. 


stimulator 
the endp 
(1.524 ci: 
with an 
tance bet 
- condition 
- tions wer 
order du 


SULTS AND DISCUSSION 


s of apparent movement. The 
analyzed for A judgments con- 
€ as well as for A and B judg- 
| together. While both analyses 


- yielded entially the same results, the 
higher c; «rion data (A judgments only) 
were sc ‘d for ‘presentation here because 


aore sensitive to variations in ex- 
variables (the pooled A and B 
being more crowded together by 
ts). For the remainder of this 
fore, "movement judgments" re- 
those that were judged by Ss as 


|. perimen 
judgme: 
ceiling < 
paper, i 
fer only 


impress ind continuous movement. 
The entage of trials on which such 
- moveme: was reported for each stimulus 
- conditic as determined for each S. The 
| average oss Ss of these percentages are 
| plotted i. Figure 1 for the eight-, four-, and 
two-stini stor conditions with interstimula- 
tor di s of .508 cm. The two additional 


) sets of two 
stimulat 


stimulator conditions (with inter- 
distances of 1.524 cm. and 3.556 
p em.), which were included in the experiment 
_ to provi comparisons with the four- and 
eight-stimulator conditions that were equal 
in endpoint-to-endpoint distances, proved to 
be not significantly different from the two- 
- Stimulator condition with an interstimulator 
distance of .508 cm. either in judgments of 
Movement, successiveness, or simultaneity. 
The data for these two extra two-stimulator 
Conditions are therefore not plotted in Figure 
l and are omitted from further discussion in 

this Paper. 
As can be seen from Figure 1, increasing 
| the number of stimulators produced a higher 
- Percentage of movement judgments for both 

Stimulus durations and for all values of 
TSOI, with the exception of some overlap 
between the two- and four-stimulator condi- 
“tions at the 10-msec, duration. This effect, 
Summed over TSOIs, is plotted more clearly 
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Ficure 1, Percentage of apparent movement 
judgments as a function of interstimulus onset in- 
terval for two-, four-, and eight-stimulator condi- 
tions at two durations. 


in Figure 2 for each duration and for both 
durations combined. Percentage of move- 
ment judgments increased monotonically as 
the number of stimulators was increased 
from two to eight. The summary of an 
analysis of variance performed on the data is 
given in Table 1, where it can be seen that 
the main effect of number of stimulators on 
movement judgments was significant beyond 
the .05 level. The qualitative observations 
of Bice (1969), Bliss and Crane (1965), 
and Sherrick (1968) were therefore con- 
firmed by the present study. 

Table 1 also shows that stimulus duration 
had a significant effect on movement judg- 
ments. As can be seen in Figures 1 and 2, 
the 100-msec. conditions consistently yielded 
more frequent movement judgments than the 
corresponding 10-msec. conditions for all 
values of ISOI and number of stimulators, 
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Ficure 2. Percentage of apparent movement 
judgments as a function of number of stimulators 
for each duration and for both durations combined, — 
averaged over interstimulus onset intervals. 
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TABLE 1 
SUMMARY OF ANALYSES OF VARIANCE 
3 Movement. Successiveness aneity 
df — E 
me MS F MS F M F 
wee | ———— 
i i 2 298.20 4.42* 4.18 AS 12: 8.91** 
Bi uon v 1 | 1,199.50 13.20* 658.01 13.09** | 16 
| aah Me 5 14.58 2.94* 36.84 16.09*** 2 6:55 942 s 
Subjects (S) 5 58.90 52.72 Lat : ; 
AXB 2 4.00 -16 1.98 .08 E 9n 
AXC 10 1.79 91 1.70 .68 7:593 
BXC 5 12.30 2.51 31.51 13:13*^* | T.60*** 
~ AXBXC 10 1.35 1.02 1.01 .42 | ¢ 6.1189 
FEROS S| 10 67.51 27.40 1 
BXS 5 90.90 50.26 ( 
CxS: 25 4.96 2:29 
AXBXS 10 5.25 23.38 | 
DA XCXS 50 1.97 2.50 | 
B»xCXS 25 4.90 2.40 | l 
AXBXCXS 50 1.32 2.43 2 
y *p «.05 
^ *# p € 025 
*** 2 1005 
- This result is consistent with previous find- ^ The only curve plotted i: e 1 that 
ings for both the cutaneous sense (Gibson, shows a marked effect of 1: ie eight- 
1963; Kirman, 1974) and the visual sense stimulator 10-msec. condition is likely j 
(Kolers, 1964). that this curve made the maj tribution 
In addition to evaluating the main effect to the statistically significant effect of 
of number of stimulators on the frequency of ISOI on the data (see Tabl he rela- 
. movement judgments, it was expected that tively small influence of ISO! remain- 
_ this study would also reveal the effects of ing 10-msec. curves is evide e to floor 
. number of stimulators on the optimal ISOI effects. The eight-stimulator > at the 
and on the range of ISOIs over which good 100-msec. duration shows a « ceiling ef 
apparent movement could be experienced. fect, indicating that the combiiation of a 


Previous research with two stimulators had 


shown that as ISOI increased, judgments of ber of stimulators (eight) broadens the range ^ 
apparent movement increase to a maximum of ISOIs that can yield good movement 
value and then decrease (Kirman, 1974) ; beyond that tested here. 
~and it had further been shown that this The absence of clear optima in the other 
optimum value varies as à function of stim- — 100-msec. duration curves is most likely due f 
ulus duration (Kirman, 1974; Sherrick & to the adoption by Ss of subjective criteria 
Rogers, 1966). The present data, however, for goodness of movement that were too 


do not permit a conclusion about the effect 
of number of stimulators on the optimal 
ISOI because, as can be seen in Figure 1, 
most of the obtained ISOI functions do not 
reveal a clearly defined maximum, While 
there is some indication in the plotted curves 
that more frequent judgments of movement 
were given at lower ISOI values as the num- 
ber of stimulators was increased, the analysis 
of variance indicated that the interaction be- 
tween ISOI and number of stimulators was 
not close to being statistically significant. 


long duration (100 msec.) and a large num- 


gross to reveal the effects of ISOI with these - 
stimuli, In the previous study which ob- 
tained. well-defined optima. ( Kirman, 1974), 
all stimulus conditions presented to Ss uti- ^ 
lized only two stimulators, and none of those 
conditions produced apparent mover 
impressive as that produced by the eigh 

stimulator 100-msec. condition used in E 
present experiment. Since Ss were cx 
to the random presentation of all 60 M 
during each session, the expanded range 0^ - 
impressiveness of movement probably m- 
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FIGURE : ercentage of judgments of succes- 
| siveness a: multaneity as a function of inter- 
stimulus ou | interval for two-, four-, and eight- 
Stimulator © ditions at two durations. 
‘duced Ss adopt broader criteria which 
were less sitive to relatively weak influ- 
ences. It ears, therefore, that within the 
Tange of v- es tested, both stimulus dura- 
tion and n: ber of stimulators exert a more 
robust eff: on the impressiveness of tactile 
apparent © vement than does ISOI. 
Judgm: of successiveness amd simul- 
laneity. plot of judgments of successive- 
hess and sinultaneity for all stimulus condi- 
tions is given in Figure 3. It can be seen 
that as number of stimulators is in- 
Creased from two to eight, there is a pro- 


gressive reduction of simultaneous judgments 
for both durations at all values of ISOI, 

cessiveness judgments seem to be 
hardly affected. These effects, averaged over 
duration and ISOI, are plotted in Figure 4, 
along with a replot of movement judgments. 
f As the analysis of variance summary given 
în Table 1 indicates, the decrease in simul- 
faneous judgments is significant, as is the 
increase in apparent movement judgments, 
but there is no statistically significant effect 
on successiveness judgments. The major 
‘trade-off, then, as the number of stimulators 
JS increased, is between simultaneous judg- 
Ments and apparent movement. Since in- 
‘teasing the number of stimulators had the 
fect of markedly lengthening the overall 
duration of a stimulus item, that is, the time 
_ between the onset of the first stimulation at 
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the first locus and the last stimulation at the 
last locus, it is understandable that stimulus 
items with larger numbers of stimulators 
should be judged less often as simultaneous. 

Table 1 shows that the interaction between 
number of stimulators and ISOI, as well as 
the three-way interaction between number 
of stimulators and duration and ISOI, were 
both highly significant for judgments of 
simultaneity. Both of these interaction ef- 
fects are due to the progressive flattening out 
to a floor level of the ISOI curves for simul- 
taneous judgments, given in Figure 3, as the 
number of stimulators is increased. The fact 
that the 100-msec. curve was steeper than the 
10-msec. curve for the two-stimulator condi- 
tion, but both flattened out to essentially 
straight lines at a zero level for the eight- 
stimulator condition, is responsible for the 
three-way interaction. In the case of judg- 
ments of successiveness, neither of these in- 
teractions approached significance. This is 
in accord with the absence of a main effect 
of number of stimulators on successiveness 
judgments. 

It is interesting to note that lengthening 
stimulus duration, which increases judgments 
of apparent movement as powerfully as in- 
creasing the number of stimulators, has, how- 
ever, opposite effects on judgments of simul- 
taneity and successiveness. It is evident 
from Figure 3 that the longer duration 
(100-msec.) conditions showed markedly 
fewer judgments of successiveness than did 
the shorter duration (10-msec.) conditions, 
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Ficure 4. Percentage of judgments of apparent 
movement, successiveness, and simultaneity as a 
function of the number of stimulators, averaged 
over durations and interstimulus onset intervals, 
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a highly significant effect statistically (see 
Table 1). Judgments of simultaneity, how- 
-ever, were much more similar across the two 
durations, and as Table 1 indicates, no sig- 
nificant difference was found. As stimulus 
duration is increased, therefore, the increase 
in apparent movement judgments is offset by 
decreases in successiveness judgments, with 
little or no effect on judgments of simul- 
taneity. This trade-off is consistent with 
the raising of optimal ISOI values as stim- 
ulus duration is increased, an effect well 
documented in previous research (Kirman, 
1974; Sherrick & Rogers, 1966) and sug- 
gested as well in the present experiment. 
Figure 1 does indicate that the shorter dura- 
tion conditions resulted in more frequent ap- 
parent movement judgments at lower ISOI 
values as compared with the long duration 
conditions, and although the interaction be- 
tween duration and ISOI for movement 
judgments failed to prove significant, the 
F value obtained (2.51) was very close to 
the 2.60 required for a p value of .05. 
Increasing stimulus duration at each stim- 
ulator, while holding number of stimulators 
and ISOI constant, has the effect of decreas- 
ing the length of the silent interval or gap 
_ between two nonoverlapping stimulus com- 
ponents and of increasing the amount of tem- 
poral overlap between overlapping stimulus 
components. It appears that this decreasing 
gap or increasing overlap serves to enhance 
the integration of the successive stimulus 
components into a unitary percept—thereby 
resulting in decreased judgments of succes- 
Siveness. Judgments of successiveness, after 
all, amount to a report that the stimulus item 
Was perceived as a series of separate units. 
Whether the integrated percept is experi- 
enced as simultaneous or spatiotemporal (i.e., 
as moving) seems, however, not to be very 
much influenced by the degree of gap or 
_ overlap introduced by variations in stimulus 
duration. 
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For both simultaneous and :- cessiveness + 
judgments, ISOI naturally k=? highly sig- 
nificant effects, as did the inte: n between | 
duration and ISOI (see Tabl: For both | 
simultaneous and successiver vudgments, - 
this interaction resulted from ttening of - 
the ISOI curves with increa stimulus 
duration, although the effect w uch more ^ 
marked in the case of succ ness judg- 4 


| here that 
OI are in 
ion of the © 
sments of 
vultaneity | 


ments. All of the results rep: 
deal with stimulus duration : 

agreement with previous inv: 

effects of these variables o: 
movement, successiveness, : 

(Kirman, 1974). 
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I -ERFERENCE BETWEEN BINARY CLASSIFICATION 
JUDGMENTS AND SOME REPETITION EFFECTS 
IN A SERIAL CHOICE REACTION TIME TASK 


P. M. A. RABBITT? ann S. M. VYAS 
University of Oxford, Oxford, England 


potheses to explain the repetition effect in serial choice reaction tasks 
c suggested that on each consecutive trial $ compares the percept of the 
signal against his memory trace of the last. A direct test was made 
this hypothesis, requiring Ss in a serial self-paced choice reaction time 
: to classify each signal as being the same or different from its predeces- 
The results of three experiments show that the nature of successive 
igments interferes with the selection of successive responses made to 
plement them. Reaction times are also affected by the nature of com- 
risons between successive signals. Repetitions of signals, repetitions of 
ponses, and repetitions of judgment are all shown to contribute to sequen- 
ul effects. The hypothesis of identity between processes underlying repeti- 
n effects and those underlying binary classification of successive signals 
shown to be untenable, and, in view of the complexity of the interactions 
ined, far too simple to be of use in interpreting experimental data. The 
ure of the interactions obtained raises difficulties for recent popular 
thodologies and for the decompositions of reaction time data obtained 
ım these methodologies on the assumption of simple additivity of RTs of 
:nponent processes to give overall observed RT. 


A very co «mon finding in choice reaction and the memory trace of signal n — 1 were 
time (CR »xperiments with human Ss is found to be different, more extended per- 
that Ss rc. sond faster when a particular ceptual analysis would be necessary and 
Signal is rei-.ted on immediately successive identification of the new signal would take 
trials than when a new signal occurs. This longer. 
4s known as the repetition effect. The rela- Bindra, Williams, and Wise (1965) do 


not quote Bertelson but arrive at the same 
hypothesis from different arguments. Wil- 
liams (1966) described a series of experi- 
ments which were unusual because RTs to 
repeated signals were found to be consider- 
ably longer than RTs to new signals. Bindra 
et al, (1965) explain this by the assumption 
that serial CRT tasks are special cases of 
binary classification tasks in which Ss have 
to make one response if successive signals are 
the same and another if they are different. 
They found that in such binary classification 
tasks if pairs of signals are easy to dis- 
criminate, RT same < RT different. How- 
ever, if signals are difficult to discriminate, 
RT different < RT same. On this premise 
they explain Williams’ results by the hy- 


of repetition effects obtained 
it experimental conditions are 
Usually compared by obtaining the difference 
Scores of reaction time (RT) to new signals 
land RT to repeated signals ( Bertelson, 1961, 
1963 ; Kornblum, 1969; Rabbitt, 1968). 
Bertelson (1963) was the first to suggest 
that Ss in a self-paced serial CRT task com- 
Pate the percept of each signal presented 
With their memory traces of the preceding 
Signal. Bertelson assumed that if a match 
Occurred, that is, if the current signal n was 
€ same as the previous signal »—1, S 
Could make a relatively fast response be- 
tause he did not have to further process 
Signal » to determine which of a possible set 
OË signals it might be. However if signal n 


E ——— — 


m Requests for reprints should be sent to Patrick 
i bbitt, The Queen's College, University of Ox- 
Prd, Oxford, England. 


pothesis that if the interval between the re- 
sponse to one signal in a series and the 
moment of onset of the next signal is very 
long (RS interval), S’s memory trace of 
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signal n— 1 has decayed at the moment 
when he compares it to signal n. Because 
the comparison between a decayed trace and 
a new signal might constitute a relatively dif- 
ficult discrimination, Bindra et al. (1965) 
supposed that in this case RT different < 
RT same, so that RTs to new signals might 
be expected to be shorter than RTs to re- 
peated signals. 

This line of argument was pursued in a 
subsequent paper ( Bindra, Donderi, & Nishi- 
sato, 1968). While the experiments de- 
Scribed are ingenious and suggest that the 
magnitude of the repetition effect in CRT 
tasks does vary inversely with the duration 
of the RS interval, they do not replicate 
Williams' (1966) results nor provide ade- 
quate support for the Bindra et al. (1965) 
argument, A further difficulty is raised by 
a study by Smith (1968). Using RS in- 
tervals as long as 15 sec., that is, equal to 


. the longest intervals used by Williams, she 
- found that the repetition effect was reduced, 
but still present. 


The hypothesis that the repetition effect 
is a special case of a binary classification ef- 


fect is therefore only weakly supported by in- 


direct evidence. The most direct test would 
appear to be a serial CRT task in which S is 
required to respond to each signal in succes- 
sion, making one response if it is the same 
as its predecessor and another response if 
it is not. Williams (1966, Experiment IV) 
describes such a task, presenting her data 
-so that mean RTs for the second of all pos- 
sible pairs of successive responses can be 


. compared. Four kinds of transition between 


successive responses were possible. The re- 
Sponse same can follow the response same 
(SS); the response same can follow the re- 
sponse different (DS) ; the response differ- 
ent can follow the response same (SD) ; and 
the response different can follow the response 
different. (DD). Williams obtained the 
rank-order: SD (562 msec.) = SS (576 
msec.) « DS (686 msec.) « DD (773 
msec.). 
This obviously does not fit the Bindra 
et al. (1965) hypothesis in any possible 
variation. Williams (1966) used relatively 
long RS intervals. Thus on the assumption 
that poor memory traces made discrimina- 
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tions difficult, we might exp: 
RT SD« RT SS or RT D: 
ternative possibility that 
highly discriminable signals ^ 
intervals were not long er: 
substantial trace decay, we n 
RT DS < RT SD or RT D 


T DD or 
Jn the al- 
“ms used 
ıt her RS 
» produce | 
edict that 


Since this is an unexpect somewhat © 
cryptic result, it may be qu: | whether 
it was due to some idiosync: ; Williams’ 
(1966) experimental proc In par- 
ticular, she used a discrete with rela- 
tively long RS intervals, th /control. 
arrangements of her appara re unusual, 
RS intervals were interrupt warning. 
signals, and the signals she vere com- 
plex and perhaps difficult í relatively 
unpracticed Ss to code. ingly, her 
experiment was repeated u self-paced 
task with very short RS int very sim- 
ple display/control assign ry simple, 
familiar, and easily discri signals, 


and highly practiced Ss. 


EXPERIMEN 


Method 
An automatic stimulus-pres« d reaction- 
timing apparatus (Medical R h Council 


random se- 


Sparta) was programmed to pr 
ı self-paced 


quences of 501 signals, 1 at a tim 


mode. Signals were equipr | each was 
the onset of the digit 4 o igit 6 on a 
"Digitron" S-10 numerical in-i y. After | 
automatic presentation of the firs pressed 


next signal | 
s, From | 
pressing 
d digit was 


a switch that changed the display to 
and so began the experimental s 
this moment S was required to 
a key with one forefinger if the a 
the same as its predecessor and a key beneath his 
other forefinger if it was different. The RS ing 
terval was constant at 50 msec. throughout a rut 
Sparta automatically recorded on punched tape 
each signal presented, the response made to it, and 
the elapsed time between signal presentation am! 
response (RT). Ss experienced four runs of 
successive responses each; that is, they each made 
a total of 2,000 responses during two experimental 
sessions on successive days. f 
Subjects. Six students, ages 18-20 yr., were re 
cruited from Oxford Polytechnic. None had any 
knowledge of the purpose of the experiment anti 
all were paid for their time. 


cn 


Results 


Only the last 1,000 responses made by € 
were analyzed. Errors averaged 4.8%. 


ach $ 
There 


2 differences in error incidence be- 
classes. All errors and the re- 
ately following errors were dis- 


; were no re: 
tween resp: 
“sponses im: 


carded in c uting mean CRTs. 

The four . sible classes of transition between 
successive nses, ie, SS, DS, SD, and DD 
transitions, : partialled out by post hoc com- 
puter data Mean RTs were obtained across 

Ss and we: —unded off to three significant fig- 
“ures, altho: sparta's time resolution was only 
01 sec. T data are set out in Table 1. 

An anal: f variance (ANOVA) was made 
on the mea s for each group. The terms for 
differences veen transition classes (p< .01) 
and for d nces between Ss (p<.05) were 
significant. interaction term was not. The 
error term the ANOVA was used to calculate 
the range s: ic S* to further examine differences 
between tr: ion classes. The following rank- 


order emer 


* xx 
RT SD«RT DS « RT DD 


Discussio: 


Williams — 1966) results were mainly repli- 


cated. He ik-ordering for transitions was: 


SD — 562 usec. = SS = 576 msec. < D$ = 
68 msec. < DD = 773 msec. 


The rank order obtained in the present ex- 
periment v 
58 < SD < DS < DD. 
E. diffe vce to be explained, therefore, is 
"at Williams found no significant difference 


between RT SS and RT SD, while we found 
RT SS< RT SD (p<.01). 

Tt is likely that this discrepancy can be re- 
lated to a particular feature of Williams’ 
3 (1966) experiments. In all of her experiments 

illiams found that RT for repeated events 
p greater than RT for alternated events (i.e., 

E. new signals). She used very long inter- 

tial intervals (ITTs) of approximately 6 sec., 
! Which were presumably irregular because she 
- €uployed them to record RTs and to reset her 
apparatus. This is not a sufficient explanation 
b itself, since Smith (1968) used even longer, 
“ough regular, ITIs, obtaining a repetition ef- 
E even with ITI lags of 15 sec. However, 
illiams employed a warning signal before 
fach trial. A minor pilot experiment by the 
Present authors replicated Williams’ experi- 
Ments with and without a warning signal. 
ith a warning signal Alternative RT< 
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TABLE 1 


MEAN Reaction Times (RTs) ON A SERIAL 
BINARY CLASSIFICATION TASK 
POOLED OVER Six Ss 


Response 


on Mean RT 

ES ED Afin) d 
ES 348 49 
DS 457 Q 
SD 403 33 
DD 582 ia 


Note, Abbreviations: SS = same/same, DS = different 
same SD Some diferent, DD = daem tigre, ine 


Repetitive RT. Without a warning signal 
Repetitive RT < Alternative RT. It thus ap- 
pears that although no information is conveyed 
by the warning signal, it serves to break S’s 
set in some way, such that he begins to behave 
in a way consistent with a demonstration of 
the “gambler’s fallacy” in prediction of random 
binary events. 

The discrepancy between the results of Wil- 
liams’ (1966) Experiment IV and those of Ex- 
periment I in the present study is, in any case, 
minor and not important to the general con- 
clusion. If it is the case that Ss in serial CRT 
tasks proceed by comparing on each trial each 
signal against its immediate predecessor, we 
would expect that the results of Williams’ Ex- 
periment IV and of our Experiment I should 
be predictable from the literature on repetition 
effects. As we have seen it is clear that they 
are not. 

Any explanation for Williams’ (1966) Ex- 
periment IV and for Experiment I above must, 
therefore, take into consideration the fact that 
the two experiments compare RTs for the sec- 
ond of two successive responses made to the 
third of three successive signals, and that these 
responses are based on relationships between 
these signals. Thus, three different kinds of 
sequential effects are involved in this task. 
First, successive signals may be the same or 
different: second, successive judgments may be 
the same or different, and finally, successive 
motor responses implementing these judgments 
may also be the same or different. In the ex- 
periments we have discussed, the nature of the 
successive judgments made is confounded by 
the fact that the motor responses which imple- 
ment them may also be “the same,” or “dif- 
ferent,” irrespective of the nature of the par- 
ticular, judgment on a given trial, Williams 
(1966) offers this as a possible explanation for 
her results. She assumes that her Ss made 


Ua mee 


‘mediating responses same or different to signals 
as they occurred. Thus confusion might oc- 
cur when an $ had to make the judgment 
— different but implement it by pressing the key 
he pressed on the previous trial (e.g, in the 
DD response sequence). Similarly, S might 
be confused if he had to make the judgment 
same but implement it by pressing a different 
key from that pressed on the previous trial 
(eg, DS sequences). If such confusions oc- 
curred we might expect RT DD and RT DS to 
be slower than RT SS and RT SD, since in 
the latter cases no confusion would occur be- 
tween the nature of the judgment made and the 
choice of a response to implement it. Wil- 
liams' explanation has two faults. First, it is 
post hoc and not tested by her experiment or 
by the present replication. Second, it does not 
explain why RT DD» RT DS. We should 
expect confusion between judgment and re- 
sponse to operate in both cases. Further, since 
_in DD sequences both judgment and motor re- 
ponses are repeated, we would expect these 
udgments to be faster. Some additional as- 
. sumptions are therefore necessary. 

To test Williams" (1966) hypothesis a neces- 
Sary condition is to design an experiment in 
which the nature of the competition between 
successive judgments and the responses made 
to implement them is altered. This is possible 
by adapting Experiment I so that S responds 
on four keys rather than on two, not only 

classifying each signal as being the same or 
- different from its predecessor but also indicat- 
ing which signal it was. The response keys 
may, therefore, be designated 4 same, 4 dif- 
ferent, 6 same, and 6 different. When the 
Signal 4 occurs S must press the key “4 same” 
if the previous signal was also a 4, and the key 
“4 different” if the previous signal was a 6. 
Occurrences of the Signal 6 are dealt with in 
_ the same way. We thus see that DD response 
i Sequences always require selection of two suc- 

"cessive different responses so that conflict be- 

tween judgment and response cannot occur. 

Only with SS judgment sequences are succes- 

Sive motor responses identical. With all other 
judgment sequences, whatever the nature of 
the second judgment, S has to select a new 

(that is, a different) response to implement it. 

Under these circumstances DS judgment se- 

quences might be expected to be especially hard 

to implement, since S has to make the judg- 
ment same but choose a new (different). re- 
sponse to convey his decision, 

Tf Williams’ ( 1966) hypothesis is correct, we 
might therefore predict that RT DD and RT 
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SD should both be faster tha: 
periment II was carried out t 


EXPERIMENT ! 
Method 
Sparta was again used with ntical pro- 
grams of signals prepared nent I. 5 
was only necessary to change th cimental in- 


structions so that Ss used fou 
keys, following the allocatio: 
All Ss were again given four c: 
500 responses each during tw: 
sions. 

Subjects. The Ss were 16 si 
Polytechnic, ages 17-25. They 
time but had no other interest 
the experiment. 


Results 


The last 1,000 response 
were analyzed as before, on 
responses following them, |! 
aged 3.8% and errors apy 
domly distributed across t 

A computer data sort, as 
I divided responses into ti 
classes: SS, DS, SD, and 


rrors and 

"ores aver= 
to be rane? 
" classes. 
xperiment - 
transition - 

Overall 


means and sigmas are set 1 Table 2 
An ANOVA was carried cross the 
means obtained for individu As before 
terms for differences betw transition 
classes (p < .001) and betw s (p &O0L) 
were significant but the inte: i term was 
not. The S? test was used to order the 
obtained RTs with the following results? 


oe + 
RT SS « RT DD= RT SD < RT DS 


* p<.05 
** p.01 


Discussion 


This new rank-ordering is clearly consistent 
with predictions from Williams' (1966) hy- 
pothesis. In tasks of this kind we must there- 
fore take into account the fact that the mature 
of successive judgments made by Ss may inter 
fere with the choice of responses which a 
make to implement them. It seems that E 
do not simply follow instructions and compare, 
each successive signal against its preded i 7 
but that they unnecessarily and involuntary 
compare each successive response with the Pa 
ceding response. It is possible, though in 
have no proof for this, that Ss make mediat! i 


TABLE 2 


\cTION TIMES (RTs) on A SERIAL 
ARY CLASSIFICATION Task 
PooLED OVER 16 Ss 


MEAN 


Respo! 
transit: B z 
typ 
SS | 423 56 
DS | 651 2 
SD | 586 67 
DI 564 57 
| 
E Noe A ations: SS = same/same, DS = different/ 
"same, SD liferent, DD = different/different. The 
Ss identified gnal currently displayed and also indicated 
its relations’ ne or different) to its predecessor. 
verbal re: es same or different while carry- 
ing out t task, and that the selection of 
overt mot: acts, for which the identical media- 
tors are < used, is thereby hindered. 

This is . plausible explanation, and Ss did 
indeed of iy aloud same and different while 
carrying © . this task. However, it is a post 
hoc hypot^ sis and the results available do not 

Fallow comment on it. 
The maic point established is that there are 
several c onent processes intervening be- 
tween the onset of a signal and choice of a 
Tesponse it Any one of these processes 
may or : not be repeated. Earlier work 
(Rabbitt & Vyas, 1973) has shown that repeti- 
tion of coding rules may reduce RT even when 
neither a given signal nor a particular response 
P'S Tepeate It is a tempting inference that the 


f overall observed magnitude of a given repeti- 
_tion effect may be predicted as the sum, or 
Some othe- simple function, of component 
_ Tepetition effects. The present experiments 
Show that this is not the case. The component 
Processes intervening between perception of a 
Signal and choice of a response may interfere 
With each other in complex ways, so that the 
Tesultant effects are only predictable if we can 
claim to know precisely what S is doing when 
he identifies signals and selects responses to 
them. 

It seems that this finding does not exhaust 
the list of questions requiring further in- 
Vestigation. We-have shown that the nature of 
Judgments which Ss make may conflict with 
_ their selection of appropriate responses to im- 
-Plement them, We do not yet know whether 
| Successive judgments may be made easier or 
‘More difficult by the particular sequences of 
- Signals on which they must be based. 

_, In other words, we have so far shown that 
E Interference, probably between verbal mediat- 
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ing responses, brings about complex interac- 
tions. This is not a sufficient basis to launch 
criticisms of models for the repetition effect, 
since it is obtained in a special situation shown 
to be different to that operating in serial CRT 
tasks (though Bindra et al., 1965, and Bindra 
et al, 1968, imply, if taken seriously, that the 
two types of task should give similar results). 
It remains to be seen whether there are other 
similar interactions that may occur as a result 
of signal recency, or judgment type, irrespec- 
tive of whether or not verbal or other mediat- 
ing responses are used. 

We may consider another version of Experi- 
ment I in which Ss see, one at a time, any one 
of eight equiprobable signals presented in a 
random sequence. Suppose that these signals 
are arbitrarily divided by experimental instruc- 
tions into four classes of two signals each, For 
convenience we may label these Al, A2, B1, 
B2, Cl, C2, D1, and D2. The S responds on 
two keys. If a signal from any one of these 
classes is followed by another signal from the 
same class, he presses the key designated same. 
If a signal from one class follows a signal from 
any other class, he presses a key designated 
different. 

Experiment II was carried out to test how 
far the nature of S’s judgments was affected 
by the physical identity or dissimilarity of se- 
quences of successive signals. Two points are 
of interest, one obvious and the other rather 
less so. First, we should expect from the 
literature on binary classification tasks that 
same judgments made on the basis of physical 
identity of successive signals are must faster 
than same judgments made on the basis of cate- 
gorical equivalence (Posner, 1969). A second 
point arises out of comments made by Ss carry- 
ing out Experiment I above. They complained 
that it was often the case that they remembered 
signals two back in a sequence, and were con- 
fused because they did not know which one 
was the relevant signal for comparison against 
that currently on the display. For example, 
with DD response sequences they would be 
confronted with signal sequences of the type 4, 
6, 4, or 6, 4, 6. When responding to the last 
signal they complained that they remembered 
both of its predecessors. Thus Ss said that 
they were sometimes confused because a com- 
parison of signal n against signal » — 2 would 
require the judgment same while a (correct) 
comparison of signal » against signal s — 1 
would require the response different. A similar 
difficulty was held to occur with response se- 
quences of the type DS. These were made to 
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signal sequences of the type 6, 4, 4 or 4, 6, 6. 
Here comparison of signal n against signal 
n—2 would require the (incorrect) response 
different, while comparison of signal » against 
signal » — 1 would require the response same. 
The point of the procedure in Experiment 
III is, therefore, that DD response sequences 
might be made either to signal sequences of the 
type A; By A, or to sequences of the type 
A, By As; the first signal might be physically 
identical to the third or might simply be phys- 
ically dissimilar but categorically equivalent. 
We thus have two possibilities: We might pre- 
dict that because the first and the third signals 
were identical confusion would be more likely ; 
alternatively, we might consider that S 
would in this case be repeating an identical 
. judgment. He would first have compared sig- 
nal By against the first signal A, and would 
then be immediately required to make the same 
. comparison, matching A, again against the 
. remembered signal By. In this case we would 
| predict some facilitation, since we might expect 
repetition of a particular comparison, irrespec- 
tive of the order of presentation of signals to 
. be compared, to reduce CRT. (See, for exam- 
ple, Rabbitt & Vyas, 1973.) 


Experiment IIT 


Method. 


Sparta was programmed with four random se- 
quences of the signals 1, 2, 3, 4, 5, 6, 7, and 8. 
Each sequence was 801 signals long and all signals 
Were equiprobable. The Ss were instructed to treat 
these signals as being divided into the four equiv- 

. alent sets 1 and 2, 3 and 4, 5 and 6, and 7 and 8. 
They responded, classifying successive signals as 
being the same or different from their predecessors 
as described above. They experienced two runs 

in experimental sessions on consecutive days, the 

1,600 responses from the last session being used 
| to derive the results discussed below. 

Subjects. The Ss were 12 students from Oxford 


Polytechnic, ages 19-22 yr. They were paid for 
their time, 


Results 


The overall percentage of errors com- 
mitted was 6.2%. Incidence of errors did 
not reliably discriminate between response 
transition classes, All errors and responses 
following them were omitted from the data 
sort. 

The data sort was necessarily more com- 
plex than that undertaken for Experiment I 
The response transition SS was subdivided 
into three classes. The first class contained 
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signal sequences in which three -uccessive s 


signals were identical, e.g., 1, 1, ^ : 2, 2, 2; 
ete. The second class containec sequences 
in which the last two signals we lentical, | 
but categorically equivalent to ti 


The final 


rst, eg, | 
con- ! 


Pte; 3: 3:^ etc. 


tained sequences in which the las: signals - 
were categorically equivalent b »ysically | 
dissimilar, e.g., 2, 2, 1; 8, 8, 7 ; < 

The response transition cla )S was 
similarly broken down into n whieh 
the third signal was phys itical to 
the second (8, 2, 2; 4, 5, 5: and in 
which the third signal was p lly dis- 
similar to the second but cate equiv- 
alent to it (8, 1, 2; 4, 5, 6; et 

The response transition class vas not 
broken down. However, thre sses of ? 
the response transition seque ) were 
derived, as discussed above. ; there | 
were signal sequences in which frst and | 
third signal were not physical! cal, but: 
were categorically equivalent ( 2; dva 
4; etc.) Second, there were cas: in which 
the first and third signal were id (58 
1; 3, 7, 3; etc.). Finally, there \ "ases in 


illy dis- 


which the signals were all phys : 
(1,:9]098 


similar and from different class 
8, 6, 4; etc.). 

Overall mean RTs and si 
culated across all Ss for these 
classes and are presented in Table 3. 

As in Experiments I and II, an ANOVA 
was carried out on individual Ss’ mean RTs 
across all transition classes. Terms for dif- 
ferences between trans cl (p< 
001) and for differences between Ss (p< 
01) were significant, but did not appear to 
interact. The $* was again used to evaluate 
differences between transition classes. 

In broad outline it can be seen that the 
rank-order of transition classes in Table 3 
corresponds quite closely to that which we 
might predict from Experiment I. The com- 
parisons of interest here concern differences | 
within response transition classes. 

Within the SS response transition class 
we see that the RTs are fastest when all 
three successive signals are physically iden- 
tical. Cases where the first signal was | 
physically identical to the third are som 
what slower (p « .01) than cases where the 


rere cal- 
transition 


es 


TABLE 3 


‘ron Tres (RTs) IN A SERIAL 
cy CLASSIFICATION TASK 
POOLED OVER 12 Ss 


Mean R 
Bi 


transition type (ean RS | 2 

1 . 273 29 

^. Second and ignals identical 342 33 

First and thi "als identical 374 31 
lifferent/ same 

“Second and t ignals identical 479 56 

Second and t ignals equivalent 543 61 
lame/different 

Pooled data f cases 423 38 

i ls identical 524 45 

First and thi »als equivalent 599 61 

- All three sign: m different categories 557 65 


ere arbitrarily divided into four equiva- 


lesponses same 
rms of the c: 
tences of si; 


ni 
equivalence or physical identity of 
» which these responses were made. 


d signals were identical. Both 
however, are slower than the 
three signals were identical 


DS transition class, cases in 
ond and third signals were 
tical were, as expected, faster 
which the second and third 
simply categorically equivalent 


(p < .05). 
Finally, wc consider the three possible 
esponse sequences. The fastest 
red when the first signal of a 
iysically identical to the third 
This is interesting because it 
Uggests that when Ss have to immediately 
Tepeat a comparison which they have just 
Made, their RTs are reduced. The next 
astest DD sequences occurred when all three 
lccessive signals were neither physically 
Ror categorically identical. The slowest DD 
*sponse sequences occurred when the first 
E third signals were categorically equiv- 

"nt (P < 05). This suggests that the in- 
OSpections of Ss in Experiment I were 
liable. That is to say, it is possible that 
AY Occasionally became confused as to 
Whether to compare a signal n correctly 
Sunst its predecessor m — 1 or incorrectly 
Stnst a previous, still remembered signal 
72. In the case in which all three suc- 
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cessive signals came from different classes 
no confusion could occur, since either com- 
parison (correct or incorrect) would lead to 
the judgment different. However, when the 
first and third signals were categorically 
equivalent, a comparison of signal » against 
signal » —2 would lead to the judgment 
same, while the correct comparison of signal 
^ against signal n — 1 would lead to the 
contrary judgment different. 


Discussion 

There are no grounds for the assumption that 
in serial CRT Ss must necessarily behave in 
the same way as when they are obliged by 
experimental instructions, as in Williams’ 
(1966) study and in the present study, to com- 
pare each successive signal against its predeces- 
sor. However, the present experiments do add 
to our information about the range of possible 
sequential effects in continuous tasks. They 
suggest that sequential effects are extraordi- 
narily pervasive, and may have several quite 
different, and, as far as we can tell, quite inde- 
pendent effects, which may potentiate with each 
other, interact, or even oppose each other, The 
main contribution of these data is to show once 
again (see Rabbitt & Vyas, 1973) that “repeti- 
tion effects” are of many different kinds and 
are not to be explained in terms of any simple, 
unitary model. 

Our specific findings, and some of their im- 
plications, may be summarized as follows. 

1. The hypothesis put forward by Williams 
(1966) to account for the results of her Experi- 
ment IV appears to be correct. That is to say, 
the nature of successive judgments which Ss 
make in serially comparing successive signals 
may interfere with the selection of the re- 
sponses by means of which they are required to 
convey their judgments. In particular it seems 
that the production of covert (sometimes!) 
verbal mediating responses same and different 
may interfere with the selection of overt motor 
responses on a keyboard where experimental 
instructions have obliged S to attach verbal 
labels to the keys he uses. For example, an $ 
is slowed when he has to repeat a response on 
the different key or select a new key in order 
to implement the judgment same. 

It must be stressed that though Williams’ 
(1966) hypothesis appears to be correct, it is 
precisely because of this that we may decide 
that neither her data, nor those in subsequent 
experiments (Bindra et al., 1968; Bundra et ally, 
1965) can be taken seriously as a demonstra- 
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tion that Ss in serial CRT tasks of the conven- 
tional kind proceed by comparing each signal 
against the trace of its predecessor before carry- 
ing on any more extended analysis to determine 
which signal it may be. If Ss indeed did this, 
we should expect to find, if only early in prac- 
tice, the same pattern of interference between 
verbal mediating responses and overt cate- 
gorical responses as we have found in these ex- 
periments. Since this has not been reported 
in the literature we must conclude that this 
type of task, which should (if the Bindra 
et al., 1965 hypothesis were true) give the same 
results as might be predicted from the litera- 
ture on repetition effects, is in fact a quite dif- 
ferent experimental situation as far as Ss are 
concerned. 

This may seem an uncomfortable intrusion of 
"cognitive" factors into tasks in which it has 
been supposed that CRT can give an index 
of the durations of each of a number of inde- 
pendent and additive processes that can be 
isolated for study by appropriate experimental 
manipulations. It may seriously be questioned 
whether elegant and elaborate methods that em- 
ploy the CRT subtraction technique as a the- 
oretical premise have the generality which has 
been hoped from them (see Briggs & Blaha, 
1969 ; Sternberg, 1969). Evidently such models 
may be successful where experiments are rigid, 
limited in scope, and very carefully controlled. 
However, the present data. suggest that there 
are more things to be controlled than previous 
investigators have taken into account. We can 
only recommend a modest caution for the 
future. 

2. It is clear that the conflict between judg- 
ments expressed as intervening verbal responses 
and judgments expressed as key presses is only 
one source of systematic variance in tasks of 
this type. At least two kinds of recency effect, 
as distinct from repetition effects, are apparent 
here. (a) CRT is reduced by immediate repeti- 
tion of a particular judgment, whether or not 
this judgment involves recurrence of the same 
signals or successive implementations of the 
"judgment repetition 


repetition effects 
signals successively displayed. (c) There are 
further, Tecency or repetition effects that relate 
to the recurrence of. particular pairs of signals 
about which a given judgment must be made. 
For example, CRT is less when the first signal 
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is identical to the third in an S 
quence, or when the first sig: 
the third in a DD judgment s 
3. The identity or dissimil 
only one effect that causes * 


iudgment 


identical to 


Quite another matter is ty or dis- 
similarity of signal classe. hich judg- 
ments are made. In Exper II it was 
clear that DD judgment se were made 
faster when the three signa! nonidentical 
and from different classes C class se 


quences) than when the th: 
nals were nonidentical, but 


cessive sig- 
t and third 


signals were from the sa (A-B-A 
class sequences). It is, the not merely 
the physical properties of tl ils used, but 
the nature of the logic b they are 
separated into classes of ient signals: 
which controls the behavior « tasks such, 


as this one. 
4. These results bear o: 
whether signals remember 
against others are "stored" : 
more than one symbolic o: 


tion" in memory (see, a review 
by Posner, 1969). It is ignals are 
remembered as particular si vce identity 


of the first and third of thr ive signals 
speeds RT in SS judgmen s, in cons 
trast to the case where : successive 
Signals are not identical b from the 


| signals are 


same category). It is also clc: 
classes to 


also remembered in terms © 


which they belong. The othe: ical point is 
that it is not only particular signals or cate 
gories of signals which are ubered, but. 
also judgments and no doubt mediating verbal 


judgments, 
to implement 
perhaps the 
Thus recency 


responses made to implement t 
mediating verbal responses n 
overt key-pressing responses, and 
overt key-pressing responses also. 
effects must be interpreted in terms of the 
recency of storage of any one of a large num- 
ber of quite separate and perhaps mutually in- 
terfering memory traces for various sensory 
events, mediating responses, types of categorizar 
tion, and overt motor acts. Thus it is as nau 
to speak of recency effects depending on a 
strength" when we must necessarily consid 
the strengths of a number of distinct kinds 0 
memory trace, subject to types of interferenci 
quite other than those traditionally discusse 
in the literature (and also, perhaps, to decay 
at quite independent rates). 4 

s A ER unexpected finding is that P 
seem to be sometimes unable to forget signi E 
a sequence, even when it is clearly to their 07 


EES 


» so. A human S, apparently, is 
ient computer which can clear 
e of information once used but 
int. The Ss appear to have been 
e they matched a current signal 
; predecessor but also to another 
in the sequence to which they 
The memory search carried 
' appears to have been, in this 
nefficient. It also seems to be 
re is no distinction between the 
of the memory "store" in which 
previous signal and a signal 
ponses back are held. 
more relevant to the further 
k on human performance to try 
he reason for this inefficiency 
ntly devise tasks in which hu- 
iave in as controlled and pre- 
ner as possible. It is usually 
necessary to understand per- 
strained situations so that our 
tightly quantifiable as possible, 
at «^ may derive reliable compari- 
the durations, capacities, and 
^e various functional processes 
It seems that this is not a 
In tasks which are still rela- 
such as those in the present 
is clear that Ss behave in 
ways than our conventional 
:n take into account. In par- 
e of language as mediation in 
seen to change performance in 
ite override the possibility of 
for the complexities of com- 
in CRT tasks. 
be too strongly stressed that 
he effects observed here relate to a particular, 
md somewhat early, level of practice. It is 
Certainly true, also, that Ss in these experi- 
ments were practiced far longer than is con- 
entional in memory search experiments (see 
ternberg, 1969) and longer than is usual in 
Host laboratory CRT studies. Nevertheless, 
! the nature of things, we might well regard 
Intermediary verba] responses as a temporary 
Svice used by Ss to facilitate performance on 
task Which eventually would become “auto- 
Matic” without their help. 
€ effects of practice represent the single 
Mestion consistently avoided by all Es in this 
of research. We know that Ss get faster 
More accurate with practice. We even 
E * Statements about the difference between 
läcticed “automatic” performance at skilled 
^5 and the more fumbling and variable per- 


were respor 


xw out by Ss 


€ postulat: 
E feasible strat: 
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formance usually studied in laboratories. We 
are not prepared to say how or why people 
improve with practice. The tacit assumption 
is that Ss, when practiced, go through the 
same sequences of functional operations but 
go through them faster and more accurately, 

It is not useful to think in this way. If, 
for example, Ss first use and later discard 
verbal mediating responses, it cannot be 
claimed that when they are practiced they are 
doing the task im the same way as when they 
are not. In comparing practiced and unprac- 
ticed performance we may well be comparing 
quite different functional processes leading to 
the same end—satisfaction of E. Clearly E 
cannot be satisfied unless he knows how these 
processes differ or can give plausible reasons 
why one way of doing a task may be gradually 
abandoned so that a better way can be em- 
ployed. In this respect the nature of prac- 
ticed and unpracticed performance may prove 
to be less interesting than the nature of per- 
formance during the period of transition be- 
tween them, 

The problems raised by undertaking a cog- 
nitive approach to the investigation of human 
skills are certainly formidable. However, the 
alternative is no longer viable. If life is more 
difficult for investigators in the future, it may 
also prove to be more rewarding and interest- 
ing than the pursuit of the barren simplicity 
to which our laboratory techniques have so 
far constrained us. 
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od words were considered as conditioned stimuli that elicit an appetitive 
tional response. The emotional response—according to the two-process, 
stimulus-function learning theory involved—should be capable of 
-diating instrumental behavior toward the words. Motivational principles 
orated in the context of the three-function theory predicted that Ss 
rived of food would learn to respond more quickly with an approach 
trumental response to food words than would deprived Ss whose task 
is to make an avoidant response. Moreover, this difference should be of 
lesser magnitude with nondeprived Ss. In addition, in a second experi- 
ent, it was predicted that food-deprived Ss would learn to make an 
proach response to food words with less latency than nondeprived Ss. 
hese expectations were supported. The findings contribute to the speci- 
‘cation of motivational characteristics for the construct of a mediating emo- 
mal response (or state) in two-process learning studies (e.g. transfer of 
ntrol and auto shaping), and suggest a means for integrating relevant 


imal and human research. 


: learning theory suggests that 
| states can be conditioned to 
h classical conditioning prin- 
motional states will then serve 
| function in giving impetus 
sm to behave instrumentally 
ways (Kimble, 1961; Res- 
olomon, 1967).  Two-process 
ry arose in the context of ani- 
station. While Hull's (1943) 
“ing theory was a one-process 
theory, it served as a foundation for what 
RET devel cd into a type of two-process 
learning theory for dealing with several as- 
Pects of human behavior (Doob, 1947; 
Mowrer, 1954. Osgood, 1953; Staats, 
1961). ; 


- Research in human two-process learning 
E Well as recent theoretical developments 
Should be integrated with relevant devel- 
opments in animal research. The present 
Paper, in addition to its more specific goals, 
tempts to provide a basis for this integra- 
“on. To begin, a brief summary of a two- 
See 
m for reprints should be sent to Arthur 
968; 
: 


Staats, Department of Psychology, University 


3 pp Wali, 2430 Campus Road, Honolulu, Hawaii 
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process model—which indicates the three 
stimulus functions that stimuli can have, as 
well as the interaction of classical and in- 
strumental conditioning in this context— 
may be employed as the theoretical founda- 
tion. It has been suggested in this theory 
(Staats, 1968, 1970, in press) that 
there are many unconditioned stimuli 
(UCSs) that elicit an emotional response 
(or state). Such stimuli also will have a 
reinforcing function, in an instrumental 
sense, strengthening behaviors they follow. 
It has been suggested also that such stimuli 
will through learning come to have discrimi- 
native (directive or incentive) value for an 
appropriate class of instrumental behaviors. 
This takes place as follows. Stimuli that 
elicit a positive emotional response (eg. 
food stimuli or sex stimuli) will when ap- 
proached and consumed yield reinforcement. 
"Thus, approach responses will be reinforced 
in the presence of such stimuli, and thus in 
the presence of the elicited emotional re- 
sponses (and their stimuli). That is, an 
association will be learned between the 
stimuli produced by the positive emotional 
response and the instrumental approach re- 
sponse. The organism will have many, 
many occasions in which a stimulus first 
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elicits a positive emotional response and the 
organism then approaches the stimulus and 
receives the reinforcement of consumption. 
Each such occasion will strengthen the 
emotional response as a mediator of the in- 
strumental response. Moreover, many dif- 
ferent instrumental responses will be in- 
volved, and thus a class of instrumental 
responses will be learned to the stimuli pro- 
duced by a positive emotional response. 
When this mechanism has been formed, 
any stimulus that elicits a positive emotional 
response (whether a conditioned stimulus 
[CS] or UCS) will tend to elicit the class 
of instrumental responses. As a conse- 
quence, conditioning an emotional response 
to a stimulus will give the stimulus direc- 
tive or discriminative or incentive (DS) 
value, as well as give the stimulus reinforce- 
ment value, (Bindra, 1974, has presented 
an analysis of motivation that has similari- 
ties to parts of the present three-function 
learning theory, as have other theorists.) 

. There are many human learning experi- 
mental studies that can be interpreted in 
terms of the three-function learning theory. 
For example, Solarz (1960) employed a 
procedure in which lever-mounted words 
—.. Were presented as stimuli with Ss having to 

— learn to pull the lever toward them or push 
the lever away. It was found that Ss 
learned to pull positive-meaning words to- 
ward themselves with shorter latency than 
when they learned to push the words away. 
The reverse was true of negative-meaning 
words, The positive-meaning words, in the 
present terms, may be considered to have 
elicited a positive emotional response which 
in turn tended to elicit a class of approach 
Tesponses, one of which was the pulling to- 
Ward response. It was thus relatively easy 
to learn to pull these words inward. The 
negative-meaning words, on the other hand, 
elicited a negative emotional response which 
tended to elicit a class of avoidance re- 
Sponses, including the pushing away re- 
sponse, so it was relatively easy to learn the 
pushing response to these words, 

As an example of relevant animal experi- 
mentation, Trapold and Winokur's (1967) 
transfer-of-control study involved pairing a 
neutral stimulus with a reinforcing (positive 


n 
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emotion-eliciting) stimulus. 

was expected to condition 

(rg) to the formerly neutra! 
to condition a positive emot! 
in the present terms. In th 
of the experiment the anim 
forced for making an instru 
to the formerly neutral stin 

the same reinforcing stimulus 
viously been used. It was í 
instrumental response was ! 
neutral stimulus more rapid! 
had previously been paired 
forcer. The question mi 
concerning when in the ani 
bar press response had be 
positive emotional response 
is not stressed in the tr 
studies, this learning is | 
training procedures, when 
trained to bar press for fi 


suggested that transfer of c uld not 
occur otherwise. In a hum v such asi 
Solarz's (1960), Ss ! lc prior t9 
the experiment to pull in (approach) posi 


tive emotion-eliciting stimuli 
(avoid) negative emotion-el 
This procedural difference shc i 
scure the identity in principle olved, esa 
pecially since there are also animal studies 
ih which the association between the medi 
ating emotional response and the i 
tal response has been learned 
mentally. 

To continue, however, ani 
theory has recently been cr 
pold and Overmier (1972). 
criticisms is that the two-process 
assumed the existence of a class 
ditioned “emotional state of some kind [ 
437],” with the assumption of motivational 
characteristics in the conception, but inade 
quate specification of these characteristics 
"Rescorla and Solomon . . . do little to e 
lighten us as to what ‘motivational lev 
means, nor do they give us any general rules 
for how a mediator based upon pairings with 
a particular reinforcer changes this leve 
... We believe the assumption that the 
mediator has motivational properties is 81% 
tuitous [Trapold & Overmier, (pP. ^ 
443)].” 


d by Tra 
One of thei 


ce-function theory develop- 
‘vational aspects of the con- 
sen specified (Staats, 1968), 
positive case) from what 
the effects of deprivation on 
ical conditioning. For ex- 
1938) first showed with dogs 
of the salivary response to 
is the UCS increased. with 

i up to 72 hr. The princi- 
ion in the present learning 
the manner in which moti- 
ions affect the three stimulus 
1 t is, deprivation should not 
only increa he extent to which a CS 
licits an e mal response, but also as a 


that the ex 


Consequence. ic reinforcing strength of the 
stimulus an s has been indicated, should 
increase thc vength with which the stimu- 
lus discrimi: ‘ively controls a class of ap- 
oach beh: 3 
The last plication is relevant to the 
nimal tran of-control study (as will be 
indicated) 2: vell as to human studies. In 
e latter caso, as an example, it has been 
Suggested th»! "food words are systemati- 
tally (if no: ways) paired with food, and 
Eu come io be conditioned stimuli for 
he salivary sponse [Staats & Hammond, 


E^ p. 206:." The motivational principles 
liggest that ‘ood deprivation would enhance 
Wlivation to food-word stimuli, Staats and 


mammond found this effect with Ss de- 
Prived of food. 
“TE food words are conditioned stimuli for 


ppetitive emotional responses, as this and 
her studies suggest, then various implica- 
lions for two-process learning phenomena 
should pertain. For example, it would be 
Xpected that the discriminative function of 
Sod words for the class of approach instru- 
henta] responses should be increased by 
leprivation, Transfer-of-control studies like 
hat of Trapold and Winokur (1967) have 
fen concerned with the manner in which 
leasing the mediating process to a stim- 
Mus through conditioning variables can af- 
«t later strength of instrumental approach 
Er stimulus, If the effect does depend 
M increasing the strength of the mediating 
Esponse process to a stimulus, then the 
resent analysis suggests that motivational 
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operations that strengthen the mediating 
process to the stimulus should also be ef- 
fective in strengthening the approach instru- 
mental response. It follows that if the me- 
diating process is an appetitive emotional 
response, deprivation of the UCS will in- 
crease strength of elicitation by the CS and 
should be effective in enhancing transfer of 
control, 

The present study, in developing the mo- 
tivational specifications of the theory, at- 
tempts to show how deprivation-satiation 
manipulations, which affect the strength of 
the elicited appetitive emotional response to 
a stimulus, can in a nonconditioning manner 
affect the strength of instrumental response 
to a stimulus. An apparatus like that of 
Solarz (1960) was employed. In the first 
experiment Ss had to learn to pull food- 
word stimuli mounted on a stage toward 
themselves, or to push the words away from 
themselves. The motivational principles of 
the three-function learning theory suggest 
that food words, which elicit a positive emo- 
tional response, would tend to elicit an ap- 
proach response of pulling inward, and 
learning such a response should occur rela- 
tively easily. The approach tendency, how- 
ever, would compete with a pushing away 
(avoidance) response, and make it more 
difficult to learn this response. These ef- 
fects should be increased by depriving Ss of 
food. Half of the Ss were food deprived 
and half were not, to test the affect of a 
motivational manipulation on the media- 
tional process and the consequent strength 
of the mediated approach-avoidant instru- 
mental responses. 


EXPERIMENT I 


Method 


Subjects. The Ss were 24 male and 36 female 
native English-speaking undergraduate students 
from introductory psychology courses at the Uni- 
versity of Hawaii. j 

Apparatus. The apparatus consisted of an elec- 
tronic -word presentation device (modeled after 
the Solarz, 1960, apparatus), a latency timer, a 
tape recorder, a galvanic skin response (GSR) 
apparatus, and 28 11 X 21 in. white cards. 

The word presentation device consisted of a 
movable stage mounted in a runway perpendicular 
to the ventral axis of the S. Stimulus cards were 
inserted behind a hinged door mounted on the 
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top of the stage handle, on which there was a 
thumb lever. As S pressed the lever, the door 
dropped exposing the stimulus card. The stage 
could be moved 7 in. forward or backward from 
its center position. White markers on the base 
of the stage and along the runners allowed for 
recentering of the stage. As the stage door 
dropped it completed a circuit which started a 
.0l-sec. timer. Moving the stage 1/2 in. off its 
center position broke the timer circuit and stopped 
the clock. In this way, trial-by-trial latencies 
were obtained measuring the time between word 
exposure and a movement in one of the two 
directions. 

The tape recorder and the GSR equipment con- 
stituted a mock apparatus, to help cover the pur- 
pose of the study. 

Procedure. The GSR electrode was fastened 
to S’s nonpreferred forearm and it was explained 
that the electrode would not be used to induce 
pain—that it was only for recording. He was then 
told that the purpose of the experiment was to 
determine whether a person's physiological re- 
sponses to words were affected by food depriva- 

| tion. After S had been shown how to manipulate 

- the apparatus and told that words would now 
appear on cards, the following instructions were 
completed. 


It's up to you to learn which direction to move 
the stage in response to each word; having you 
attempting to guess the correct movement will 
keep your mind occupied so that your thoughts 
don't affect the recordings. I would like you 
to try to learn which movement is correct for 
each word as soon as you can and also to react 
with that movement as quickly as you can, 


One list of 28 words was used for all Ss; 14 
of the words were food nouns, while the other 
14 were unrelated to food and were evaluatively 
neutral (between 3.75 and 4.25 on a 7-point pleas- 
ant-unpleasant rating scale). The words were 
taken from two previous experiments (Staats & 
oe 1972; Staats, Minke, Martin, & Higa, 

During the experiment Ss were presented with 
28 words, seeing each word only once. The two 
types of words were assigned to trials according 
toa table of random numbers, The first eight 
Presentations, four of them food words, were em- 
ployed to introduce Ss to the Procedures, that is, 
to the sequence of Pressing the thumb lever, look- 
ing at the word, and moving the word in the 
proper direction. The Ss were told they were 
correct" when the appropriate movement response 
was made. 

After the 28th trial, Ss were asked to complete 
a 2-page test booklet. The first page was a four- 
Part questionnaire designed to assess "aware- 
ness.” The most direct questions were “Did you 
have any questions about the experiment?” and 
“What, in your opinion, was the purpose of the 

experiment?” Another question asked about any 
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confusion or disturbing though:= 
have had and another dealt 
he may have had about the ex 
second page, Ss were told that 
that some of them had not follo, 
concerning eating or not eatin; 
would not be penalized for failu: 
it was important that they answer “le remaining 


to On 
13 expected. 


questions honestly. They were asked 
specify the nature of the last f n and th 
length of time elapsed since e: lhey wer 
also asked to indicate their deg hunger on 
a 7-point hungry-full scale. 

Design. The focus of the design riented to 
ward obtaining and comparing lea urves oven 
blocks of trials (Factor A) ed versu 
nondeprived Ss in moving ío is toward 
themselves or away from then The two 
manipulations were food depri "actor B) 
and movement direction (Fact: The two 
levels of Factor B were depriv deprived’ 
Deprived S's were asked not to and not” 
to drink anything substantial ts) afte 
midnight the night before th 1. Non- 
deprived Ss were asked to eat thei ilar lunch’ 
just prior to their session, All « iental sess 
sions were between 11:00 a.m. an m, Fac: 


tor C specified the directions « aent; halfj 
of the Ss were trained in the proc to move, 
food words toward themselves od word 
away, and the other Ss perf ite to this; 
Ss were randomly and independer:. igned. 


Results and Conclusions 


The Ss who made errors 0; 
apparatus (for example, in the 
the movement) after training tri 
cluded from the data. The . 
eliminated if they failed to obsc: 
rivation-satiation instructions < 


sis that was consistent with t! 
prediction. Only 1 S was rej 
of awareness. Two were rejec 
observing the deprivation-satiation instruc 
tions. Seventeen Ss (4 each from three 
groups and 5 from the other group) were) 
excluded for making an error of some type 
after the training trials. Additional $$] 
were added in replacement. : 
The Ss’ answers concerning their fo0 
intake prior to the experiment yielded 4 
mean of 14.37 hr. for the deprived gori 
and .64 hr. for the satiated group. The 1 i 
food-word trials for the Ss were combine 
into five blocks of 2 trials for each S. The 
raw latency scores, however, were first col 


'rocals, employing procedures 
Kirk (1968, p. 66). Thus 
in the data to be presented 
rter latency. 


verted to 
described 
a higher s 
indicates 


The efi of food deprivation on the 
learning c s for moving the food words 
was studi analyzing the blocks of trials 
Loyer the g cps of Ss formed by the depri- 
vation anc ction of movement variables. 
Figure 1 nts the mean response times 
for the f groups of Ss over the five 
blocks of I: ing trials. As the curves in- 
‘dicate the: 's an effect on the latency of 
approach ponding versus avoidant re- 
| sponding by the first block after the training 
trials. M ver, deprived Ss learned, in 
an increasi viy more rapid manner, to pull 
the words : ward themselves in comparison 
to deprive: Ss who had to push the words 
away. A | car trend test (Kirk, 1968, pp. 
270-275) ealed a significant difference 
between the deprived-toward and deprived- 
away curves, F (1, 28) = 13.54, p <.001. 
This diffe::ce in learned latency of re- 

sponding to the food words, depending on 

the directio: of movement, was not found 
with the iwo satiated groups, where the 
difference i: linear trends was not signifi- 
cant, F (1, 28) — 275, ns. 

In this experiment the focus of the study 
Was on maximizing the effect. Thus, ap- 
Proach and avoidant responses were em- 
Ployed and the design enabled both direc- 
tions of the effect to be combined by com- 


Paring the deprived-toward Ss with the 
"deprived-away Ss. However, the theory 
"Concerns the action of a positive emotional 
-Tésponse in eliciting an approach instrumen- 
tal response, differentially depending on the 
extent of deprivation. Thus, a difference 
between the curves for the deprived-toward 
Ss and the satiated-toward Ss would be 
-fXpected. As Figure 1 shows, these curves 
are separated in the expected direction. 

Owever, the trend analysis did not show 
à Significant difference, F (1, 28) <1. On 
the other hand, there was a reliable effect 
E len the direction of movement was re- 
Stried to the avoidant response. The 
Curve for the deprived-away Ss was sig- 
Nifcantly different from the satiated-away 
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Ficure 1. Mean latencies of response (in re- 
ciprocals) over the five learning blocks of trials 
for the four groups of Ss varying in direction of 
movement and deprivation conditions. 


Ss, supporting the theoretical expectations, 
F (1, 28) 2 467, p < 05. 

Evidence that food words were ap- 
proached more quickly than they were 
avoided can be seen in the learning curves 
by combining the two toward groups and 
the two away groups. When these com- 
bined curves are compared the resulting lin- 
ear trend comparison shows a significant 
difference, F (1, 58) = 14.37, p < .001, in 
favor of the toward movement. 

The data were also subjected to a three- 
way (2 X 2 X 5) analysis of variance which 
indicated that the two main effects, direc- 
tion of movement and blocks of learning 
trials, were significant, F (1, 56) — Il 
p< 005, and F (4, 224) = 4373, p < -001, 
respectively. The mean for the toward 
movement of the food words was 1.205, and 
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for the away movement the mean was 1.025. 
The results thus suggest that the food 
words, as expected, more strongly control 
an approach response than they do an avoid- 
ance response. 

In addition, the following two interactions 
were significant: Deprivation X Direction, 
F (1, 56) = 575, p < .05, and Direction x 
Blocks, F (4, 224) = 6.59, p <.001. None 
of the other interactions were significant. 
The Direction X Blocks interaction addi- 
tionally suggests that the deprived Ss pro- 
gressively learned to move the food words 
toward themselves more rapidly in compari- 
son to learning to push the words away. 
The most rapid movement was made by the 
deprived-toward Ss (a mean latency of 
1.266) and the least rapid by the deprived- 
away Ss (a mean of 961). The respective 
_ means for the satiated Ss were 1.143 and 
- L089. Thus, deprivation enhanced the 
_ Strength of control that food words had for 
. the approach response, resulting in a faster 
movement in one direction and a slower 
movement in the other. 


ExPrzRTMENT II 


As a first study, the design of Experiment 
used both directions of movement to maxi- 
mize the expected effect of the motivational 
- variable, and the study only obtained a re- 
- liable single-direction effect with the avoid- 
, ance movement, The difference in the 
- learning curves for the approach response. 
Was not statistically reliable for the deprived 
and satiated Ss. On the basis of the first 
_ Study a second experiment was designed to 
test this expected effect more sensitively. 


Method 


Subjects. The Ss wi 
native English-speakin, 
troductory psychology 
Hawaii. 

pe The apparatus was identical to Ex- 
periment I except that the number of stimul: 
was increased to 54. eee 

Four neutral words were added to the i 

reviou: 
14 for a total of 18 neutral cards. One of the 
food-word cards was replaced and then 4 addi- 
tional ones were added for a total of 18. A new 
list of 18 words was comprised of the word class 
of vehicles, for example, Bus, TRUCK, BICYCLE, CAR- 


ere 64 male and 64 female 
g undergraduates from in- 
courses at the University of 
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RIAGE, AMBULANCE, TRACTOR, and :o on 
were employed as a set of coniroi 
senting a class of objects that were 
nature—which will be called trans; 


Procedure, The procedure was : al to Ex. 
periment I except that each S wa nted with 
a list of words whose length varied b n 28 and 
36 words. The actual number of , presented 


to each S depended on the nu incorrect 


movements he made after the roductory 
presentations. Such incorrect move: ials were 
not counted. Thus, as examples nade no 
mistakes after the introductor I tions, he 


was presented with 28 words: it 
mistakes after the introduction (t! 
lowable), he was presented wit! 
Each S completed 10 correct triai 
than four errors after the introdu 
Design. The focus of the de 
toward obtaining and comparing 
over blocks of trials (Factor 
versus nondeprived Ss in movin 
portation) words toward them 
privation was thus Factor B and 
Factor C. Ss were presented « 
words and neutral words, or trav 
and neutral words. There was n 
tion manipulation as in Exp 
the experimental words (íood 
toward themselves and the 
A replication factor (D) w: 
being assigned to one replic 
other. A sex "blocking" 
included to increase the sensit 


nade four 


i of 36, 


£ curves 
eprived 
r trans- 
od de-i 
ord was 
ith food 
u words 
t-direc- 
e s moved - 
rtation) - 


analysis. } 
Results 


Only two Ss were replaced because of 
awareness. Eight Ss were rejected for fail- 
ing to observe the deprivation-satiation in- 
struction, and one because of an error on the 
part of E. The deprived group reported a W 
mean of 13.57 hr. without food (13.85 for; 
the food-word Ss and 13.28 for the trans- 
portation word Ss, a statistically nonsig- 
nificant difference). The nondeprived $s 
reported a mean of .76 hr. without food (.68 
for the food-word Ss and .85 for the others, 
a nonsignificant difference). i 

As indicated, each S completed 10 trials 
on which the latency of the pulling response 
to the word stimulus was measured. The | 
latencies of these 10 trials for each S were 
transformed and combined into five blocks. 
The learning curves of the four groups of $$ | 
shown in Figure 2 were subjected to analysis 
by means of the trend tests, following the 
practice of Experiment I. The deprived Ss 
food-word curve was significantly different 


r 


* in linear 
curve, F | 
is, the dej 


ope from the nondeprived Ss’ 
62) = 9.103, p < .005. That 
ed Ss progressively learned to 


more quic pull the food words toward 
"themselves .5an did the nondeprived Ss. 
This diffe: :ce between food-deprived and 
“nondeprive. 5s was not evident with the 
© groups lez: ug to pull transportation words 
toward th: ives. The difference in linear 
trend for e curves was not significant, 
# (1, 62) -- 1.86, ns: 
There uso a difference between the 
‘learning c. ves for the deprived Ss who 
- moved fox ords and the deprived Ss who 
moved tr: rtation words, F (1, 62) = 
15.855, p 0l. The former Ss demon- 
strated a p~ gressively shorter latency of re- 
sponse ove: ‘he learning blocks. The latter 
Ss showed ~ shorter latency than any group 
at first, bi ‘ere was no improvement over 
the learni locks, the fluctuations in the 
blocks apping to be unsystematic in na- 
ture, 
| A five wv (2% 2X 2x 2 X 5) analysis 
Lo varianco was made of the data. The 
; Teplication d word type factors were not 
| Significant (1, 112) <1, The depriva- 
tion facto: was not significant when both 
food and i«ansportation words were com- 


bined, F (1, 112) = 3.20, p < .10. The two 
Other main cífects, sex and blocks, were sig- 
nificant, F (1, 112) = 10.125, p < .005, and 
F (4, 448) = 11.939, p < .001, respectively. 
“Thus, the blocks (or learning) effect ap- 
i peared when all groups were combined. The 
LSex differ was produced by the shorter 
latency of response of the male Ss in com- 
; 


Parison to the female Ss. 

In addition, the following interactions 
Were significant: Word Type X Sex, F(l, 
112) = 7.363, p< 01; Deprivation X Sex, 
CE (1, 112) = 15.017, p < 001; Word Type 
X Blocks, F (4, 448) = 6421, p< 001; 

Sex X Blocks, F (4, 448) = 3.313, p <.05; 
Word Type x Deprivation x Blocks, F (4, 
448) = 8.142, p < .001; Word Type X Sex 
X Blocks, F (4, 448) = 2.377, p < .05; and 
1 9rd Type x Deprivation X Sex X Blocks, 
f 


F (4, 448) = 2.473, p < 05. 

Several of these are of interest especially 
10 provide greater detail on the sex differ- 
“ce in the task. Inspection of the means for 


| 
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Ficure 2. Mean latencies of response (in re- 


ciprocals) over the five learning blocks of trials 
for the four groups of Ss. 


the Word Type X Sex interaction showed 
that female Ss responded more slowly to the 
transportation words than to the food words, 
whereas with the males there was a rela- 
tively slight difference. The Deprivation x 
Sex interaction revealed that female Ss re- 
sponded more slowly when not deprived, to 
a greater extent than did the males. The 
Sex X Blocks interaction revealed that while 
both sexes showed a learning effect over 
blocks of learning trials, the curve was 
steeper for female Ss, beginning at a lower 
(slower) point. These findings suggest that 
in this task females respond in a manner that 
allows experimental manipulations to be ex- 
hibited more clearly than is the case with 
male Ss, This would recommend females 
as experimental Ss. To a greater extent 
male Ss appear to respond quickly to begin 
with, perhaps because they are oriented 
toward a good performance in a task involv- 


1198 


ing quick response, and may in this way 
be less affected by experimental variables. 
! Finally, the Word Type x Blocks inter- 
action revealed that there was a greater 
learning effect with the food words than 
with the transportation words. This sup- 
ports the theoretical analysis. That is, the 
food words, because they tended to elicit an 
approach response, were responded to more 
quickly than the transportation words over 
the blocks of trials. 


GENERAL DISCUSSION 


These findings thus support the learning 
theory that outlines the three interrelated func- 
tions of stimuli. That is, it has been shown 
that food deprivation increases the extent to 
which food words elicit a salivary response 
(Staats & Hammond, 1972), and the extent to 
Which food words can serve to elicit positive 
emotional responses in producing classical con- 
- ditioning to new stimuli (Staats et al, 1972). 
_ A recent study by Harms (1974) has shown 

that food words have stronger reinforcing value 
for food-deprived S's than nondeprived Ss. The 
present results show that the third stimulus 
_ function, discriminative (directive or incentive) 

` value for an approach response, can be in- 
creased through motivational operations. 

As indicated, the principles described are 
relevant to those involved in animal two-process 
phenomena. The present findings can thus be 
considered to provide motivational specifications 
to the construct of a classically conditioned 
emotional response (or state) as a mediating 
Process—specifications that Trapold and Over- 
mier (1972) suggested have been lacking. 

; It may be suggested also that the three-func- 
tion learning theory provides a basis for seeing 
the interrelationship of various animal and hu- 
man learning studies. For example, Brown and 
Jenkins’ (1968) “auto-shaping” phenomenon 
may be considered in these terms. 


they found that the igeons would 

lighted disc, although dos had not eur 
forced for doing so. In the present terms pair- 
ing the grain and lighted disc would be ex- 
pected to classically condition a positive emo- 
tional response to the disc? Since the pigeons 
as in human studies, had learned preexperi- 
mentally to peck stimuli that elicited such an 


?Karl A. Minke has independently recognized 
the relevance of the three-function learning prin- 
ciples for the “auto-shaping” phenomenon, 
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appetitive emotional response, th- -vould then. 
peck the lighted disc. The inter- -: onship of 
classical and instrumental condi: 


:is shown 
in this type of study. l 


As another example, Z (1957). 
conducted a study with rats in « he paired. 
a buzzer with food. The buz: y be con- 
sidered in this procedure to ha üred CS. 
properties for the animals. Thi onal con- 
ditioning operation would bc d to ins 
crease the discriminative control stimulus 


itive reins 
`) experi- 
" of con-? 
ive func- 
»bserved 

r power 
to rein- 
eA studies, 
ntrol— 
ransfer 
vransfer. 
nt vari-- 
the two 


as well as make the stimulus : 
forcer. Trapold and Winokur’s 
ment, as representative of the : 
trol study, dealt with the dis 
tion. Zimmerman, on the otl 
the resultant increase of the rei 
of the stimulus, later using th 
force the rats' bar press respon 
in a sense, deal with with tra: 
one represents discriminative 
and the other reinforcement 
Both employ the same type of i 
able and the theoretical r 
types of study should be r 

This analysis also sugges 
tween the present study, wh ie effect 
of deprivation on discriminativ jl with d 
studies concerned with the effect rivation 
on the conditioned (secondar »rcement 
value of a stimulus. Depr nas been 
shown to enhance conditione rcement 
value in human studies (see E r, 1970) 
and various animal studies ha own the 
same effect (e.g. Miles, 1956). finding. 
that food deprivation increases thc reinforce- 
ment value of food words (Harms, 1974) is 
relevant in this context. 

Further specification of the pri 
additional implications, including 
for animal study. As indicated, "'rapold and 
Winokur (1967) paired an auditory or visual 
stimulus as a CS with food. Later, it was 
found that the animals learned an instrumental 
response to the stimulus more easily than did. 
animals who had not received the prior classical 
conditioning. The motivational principles dem- 
onstrated in the present study suggest that food 4 
deprivation operations would produce systemati¢ : 
effects in animal transfer of control procedures. 
It should be added that level of deprivation 
Should have the effect on transfer of control 
either in the first (classical conditioning) o 
in the second (instrumental discrimination) - 
phase, as has been the case in studies of the 
effect of deprivation on the strength of Ro j 
tioned reinforcement value. Demonstration ©: | 


ship be- | 


iples hass 
ications 


uld help specify the motivational 
ransfer-of-control research. 


these effect 
principles 


It shoulc < indicated that a learning theory 
that specif the three related stimulus func- 
“tions also a good deal of significance for 


of human studies. There are 
hat involve the same principles 
68, in press, and Staats, Gross, 
n, 1973, for examples) and the 
' can be employed to integrate 
to a coherent body, including in- 
ir relationship to animal studies. 
Hes on the animal and human 
e conducted to further test the 
ved and to indicate their general 


considerati 
“many stud 


Additiona: 
“levels sho: 
principles 
significanc: 

Finally, 
tributes to 
motivation 
words apr 
tions outli 
“Motivation 
to affect t! 
ments are 
manner in 
value, can 
Such effec: 


> present series of studies con- 
understanding of the emotional- 
properties of language. Food 
to have the three stimulus func- 
in the learning theory and the 
peration of deprivation appears 
functions. The present experi- 
cvant to the basic study of the 
hich words, by their emotional 
ct human instrumental behavior. 
re among the most powerful in 


language, r vant to communication processes 
in all type human social interaction. Other 
Classes of v -ds (positive and negative) should 
be investiy:' cl in this context, as well as other 


implication: of the learning principles involved. 
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SHORT REPORTS 


PERIPHERALLY PRESENTED AND UNREPORTED WORDS MAY BIAS 


PERCEIVED MEANING OF A CENTRALLY FIXATED HOMOGRA: 


JOHN L. BRADSHAW ? 


Monash University, Clayton, Victoria, Australia 


A tachistoscopic display was presented consisting of a centrally locate: 
homograph (e.g., palm) sandwiched between two peripherally located items, 


one of which was a disambiguating word. The major question of interes‘ 
was whether Ss’ interpretation of the meaning the homograph was affect 
by the disambiguating word, even when the latter could not be reported. 
The results yielded a small but significant effect favoring the view that un 


reported items beyond fixation did influence the semantic interpretation o 


the centrally fixated homograph. 


In reading, normally the word immediately be- 
“neath fixation is easily reported. How much in- 
formation is available from words beyond the 
fixation point? Are all components equally re- 
portable, or may only the semantic information be 
available, not the phonological or graphological 
components? Kolers and Lewis (1972) consider 
that some content analysis is possible from input 
resented through several degrees of angle in the 
visual periphery, as long as all the material, foveal 
and peripheral, is grouped into a single cluster, 
letter string or word, and not into two or more 

Oups distributed between the two areas. They 
conclude that the simultaneous processing of sev- 

ral units is not, in fact, a profitable strategy for 
the rapid reader. 

In this experiment, a centrally presented homo- 
graph was sandwiched between a disambiguating 
word on one side and a letter string on the other, 
all’ three being tachistoscopically presented. The 

major issue was whether the perceived meaning of 
ambiguous homograph was influenced by the 
peripherally located biasing item, even when S 
was unable to report the latter. 

- Method. Dictionaries and word lists were 

combed to provide a list of 112 homographs that 

satisfied the following criteria. They were not 
less than three or more than five letters long. 
^ They had only two commonly occurring meanings, 
which were of about comparable frequency of 
usage. lf one meaning was colloquial, or derived 
. directly from the other, or merely a different part 
of speech, the homograph was rejected. Finally, 
it was also rejected if it was difficult to obtain two 
satisfactory disambiguating words (corresponding 
to the two meanings) of the same number of let- 
ters, again between three and six, The majority 
were of four letters. 


x 


Y 


^ 
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Dianne Bradley for her assistance in the analysis of the data, 
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epartment of Psychology, Monash Universi : 
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The 112 homographs were pres same 
order in two different series ‘ferent 
groups of Ss), depending on the t dis- 
ambiguating word and hence the bi aning. 
These were randomly assigned betw ic two 
series. The disambiguating words wer ibuted 
pseudorandomly and equally often t ieft or - 
right of the homograph; if on the left Series - 
One for a particular homograph, it v to the 
right in Series Two. On the other of the. 
homograph a letter string was present onsist- — 
ing of randomly ordered consor vowels) 
equal in number to the letters of disambiguate 
ing word (ie. three to six letters). 
Each stimulus was typed in lowercase with a 


nega- 
mounted 
> always 
Immediately 
second 


carbon ribbon and photographed to 
tive transparencies. These were carefull; 
so that the center of the homograph 
located in exactly the same position. 
after each tachistoscopic presentation, 
slide was presented by projection tac 
(see Vincent, Bradshaw and Nettleton, 
This second slide, a photographic positive, con- 
tained the two possible meanings for the homo- 
graph. Numbered 1 and 2, the meanings con- 
sisted of a short string of index or defining words: 
This stimulus was kept on until S had made his 
decision. 

The Ss sat behind a chest bar 3.25 m. from a 
screen 50 X 40 cm. The distance of 5 to screen 


and projector to screen was set so that with the | 
size and nature of the stimulus material employed, 3 


the retinal angles were the same as for the origi- 


nally typed stimuli when held at a normal reading E. 


distance of 40 cm. In the center of the screen was 
a vertical line with a break of 3 cm. in the middle. 
The stimuli were aligned so that on presentation 
the center of the homograph fell between these two 


lines. The Ss were instructed, on command, to - 


fixate the middle of this gap. Immediately after 
this instruction, the stimulus triad was present 
for 125 msec. This value falls well below the 
duration that permits any scanning eyemovements, 
and may approximate the fixational durations 
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fast readin. (Cunitz & Steinman, 1969; Kolers, 
11973). Up stimulus offset, Ss looked down to 
their prepe | set of answer sheets, and wrote 
down if ble the centrally located (homo- 
graph) w They were then required to look 
“up to the n where the two possible meanings 
were presc On their answer sheet they cir- 
cled either x 2, corresponding to the meaning 
which they ^ad felt applied on initial stimulus 
EL Finally, they wrote down anything 
else seen thought to have been seen during 
presentatio: On the average each trial took 15 
sec, to cor e. 

Of the , 8 males and 8 females all with 
normal or ected vision, half were given the 
Series 1 s and half the Series 2. The only 
differences veen the two were the nature and 
side of th: unbiguating word. 

The dat cets were marked correct or in- 

T correct for ter word (homograph). Correctly 

» reported h 'raphs were then scored for whether 
the perip! y presented disambiguating word 
was or wa t correctly given. The disambiguat- 
ing word * considered correct even if S wrote 
down a sli variant of it that did not affect its 
general me z, eg. seat for sat, or vice versa. 
However, \ on this made nonsense of the dis- 
L ambiguatin. rd, or made it into a completely 
unrelated it was treated as unperceived. 
Finally, th response sheets were marked for 
- whether or the perceived meaning of the homo- 
graph agr vith the disambiguating word. The 
data of pa: ular interest were when the homo- 
graph was correctly reported, but not the dis- 
ambiguating word, and the perceived meaning of 
the homogr..^ was compatible with the (unre- 
ported) dis :mbiguating word in the periphery. 
‘All the data were separately analyzed for when 
the disambizvating word was to the left or right 
Of the central homograph. 

Results. Of the total 1,792 trials across 16 Ss, 
157 were rejected due to incorrect reporting of the 
, liomograph or to Ss assigning to it a third variant 

Meaning. In Table 1, breakdowns are given sepa- 


“ately for the Series 1 and 2 material, for the raw 
data split by disambiguating word correctly/in- 
Correctly reported, for homograph given the biased 
Or nonbiascd meaning, and for disambiguating 
Word to left or right of the homograph. For 
Statistical analysis the two series were combined 
and the raw data transformed to percentage scores 
Separately for disambiguating word, correct ani 
correct, ‘These two percentage scores Were then 
ach given an arc sine transformation. Two anal- 
‘Yses of variance, two-way with repeated measures, 
Were performed, one on the data for disambiguat- 
mg word-correct and one for disambiguating 
Word-incorrect. With the former, the homograph 
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TABLE 1 


NUMBER OF RESPONSES (RAW SCORES) FOR THE Two EXPERI- 
MENTAL SERIES 


Disambiguating word 


Reported Not reported 

Responses 
i Not i Not 
Biased | bised | Biased | biased 


L|R L|RI|L|R|L|R 
123 | 246 | 29 | 71 | 145| 65 |134| 56 


Series 2 

jes 91 |282 | 12 39 | 169 

Ted re- 71 | 160 | 42 
sponses 214 | 528 | 41 | 110 | 314 | 136 | 294 | 98 


Note. Abbreviations: L = left of homograph, R = right of 
homograph. N = eight Ss in each series, The data are split by 
whether or not the disambiguating word was reported, whether 
or not the perceived meaning of the homograph was biased to- 
ward the disambiguating word, and by the side of the latter 
(left or right of the homograph). 


reported, the homograph was again given the bi- 
ased meaning significantly more often than not, 
F (1 15)=5.5, p<.05. Thus there is some 
evidence that an unreported disambiguating word 
presented beside the centrally presented ambigu- 
ous homograph is still capable of influencing the 
perceived meaning of the latter. With the non- 
report of the disambiguating word, the latter had 
been located significantly more often to the left of 
the central homograph than to the right, F (1, 
15) 2397, p « 001. No interactions reached sig- 
nificance. 

Discussion. When three words were presented 
together for 125 msec., 50% of the time Ss were 
able to correctly report the disambiguating periph- 
eral item. The homograph's perceived meaning 
was then usually biased in its direction. However, 
when the disambiguating word was not correctly 
recalled, the homograph still tended to be biased 
in the direction of its meaning. A small amount 
of semantic information seems, therefore, to sur- 
vive either the incomplete graphological and pho- 
nological decoding, or rapid forgetting of the f 
peripherally presented item. Thus for material 
ahead (to the right) of -fixation in normal read- 
ing, the higher order semantic properties may be 
apprehended early on, and the hypotheses they 
generate may be exploited to help determine the 
lower order physical details. Indeed, from Table 
1 it can be seen that the strength of the effect 
was rather greater when the disambiguating word 
lay ahead of fixation. These findings would be 
compatible with the general position (reviewed by 
Wickens, 1972) of multiple encoding of words, 
with differential semantic preprocessing prior to 


the naming stage. 
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EFFECTS OF DELAYED PERFORMANCE ON A WORD ASSOCIATION 11 
UPON ONGOING SHORT-TERM RECALL? 


RONALD D. THURNER ? AND MICHAEL A. MAULDIN 


University of Houston 


In a short-term free recall paradigm, 


by a list of words were cued after presentation to (a) recall numbers onl 
(c) recall words then numbers, or (d) rec: 
then perform a word association task. Epstein's Only effect, 
was obtained. Also, recall in (a) was greater than (d), t 


(b) recall numbers then words, 
numbers, 
greater than (b), 
which result Epstein's hypotheses do 


Subjects presented a list of numbers followed by 
a list of words may be cued after presentation to 
recall the two lists in one of four ways. The four 
methods of output are (a) recall numbers only, N_; 
(b) recall words only, W_; (c) recall numbers first, 
then recall words, NW; and (d) recall words first, 
then recall numbers, WN. Epstein (1969) obtained 
Performance on recall in N_ which was superior to 
. number recall in N W, and performance on recall 
in W- superior to word list recall in WN. This he 
called the Only effect. He identifies two possible 
mechanisms associated with delayed recall that may 
affect recall. 

; The first is implicit rehearsal of the delayed list 
in the NW and WN conditions. In the NW condi- 
tion, for instance, the rehearsal of the word list by 
active recirculation “in preparation for subsequent 
recall” inhibits retrieval of items of the number list 
keng Up RE em In N_, word list rehearsal 

1s absent along with its inhibitin; i 
1969, p. 113). g g effects (Epstein, 
Another mechanism is interference of items from 
the delayed list upon items of the list presently 
being recalled. In the N_ condition, items of the 
word list are discarded, apparently from short-term 
store, alleviating their interference (Epstein, 1969 
p. 173), FER 
The present study emerged as a 
erality of the Only 


test of the gen- 
effect. A new condition required 


1 The authors acknowledge the assistance of Eric R, B 
for helpful criticism and Donald J, Foss for cr lios Brown 
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Ss presented a list of numbers follow: 


y» 
T 


not apply. 


Ss to delay performance on a nonreca! 
recalling. The nonrecall task was a word 
task because of its apparent similarity wi 
words minus the memory demand. Nun 
than words comprised the list to be 
reasons. First, a number list minimiz 
ference due to similarity with the word 
task. Secondly, Epstein obtained the 
for numbers presented first and secos. 
words presented second but not for words ; 
first. Consequently, number lists pr 
greatest expectation for the Only effect. | 
the number list to be tested occurred first in the 
presentation order to eliminate er lects to < 
which second presented — first recalled lists are sub- 
ject. In all other respects, the pres nt design 
followed Epstein as closely as possibl Epstein's © 
hypotheses predict no decrement in recall perform- 
ance for the numbers-then-word-association (N WA) 
condition as compared to N., since the effects of 
word list rehearsal and of the removal of the word 
list upon each is identical. 
Method. Each S received eight trials. Each trial 
consisted of 8 two-digit numbers and 8 two-syllable 
words. Since no word or number was presente 
more than once to any one S, 64 different words 
and 64 different numbers were required. The pro- 
cedure used in the selection of the items and their 
construction into stimulus lists was identical P 
that reported by Epstein (1969). Each of the í s 
two-syllable words fell within a range of fredi 
of 5-8 occurrences per 100,000 words of ao 
English (Howes, 1966). Eight sets of 8 words eac! 
were constructed so that the mean frequencies © 


of the words within single sets were 
ed across sets. The 64 numbers were selected 
| table of numbers rated for association value 
& Spera, 1962) and ranged from .72 to 2.03. 
ts of 8 numbers each were constructed so 
mean association values of the numbers 
a single set were equated across sets, 
h of the eight sets of numbers was matched 
of the eight sets of words and assigned to a 
I, This procedure was performed twice, creating 
different permutations of the number sets with 
d sets and two different trial assignments. 
16 items of the list for a single trial were 
mted 1 at a time at a rate of 1 number or word 
per second. The 8 number items were pre- 
T first, with a 6-sec. empty interval between 
numbers and the words. Five seconds after 
last word was presented the word "recall" ap- 
At that time, S was to open the top folder 
stack of folders placed in front of him. Inside 
older, S found a form which served as a re- 
sheet on which all responses were to be 
n. Furthermore, each form served as a cue 
to recall in one of four ways. 
e four possible ways to recall defined the four 
ions N_, NW, WN, and NWA. Three of the 
ions (NW, N_, WN) were adopted directly 
Epstein (1969). 
e N_ condition was cued by a form with a 
n of eight lined spaces to the left of center 
led NUMBERS. The NW form consisted of two 
lumns of lined spaces, the left entitled NUMBERS 
the right, worps. The WN form was the 
as the NW form with the labels reversed. 
he NWA form consisted of a NUMBERS column on 
left and a column of the eight words on the 
Each of these words was followed by a blank. 
Column was labeled WORD ASSOCIATION. None 
le words to be memorized appeared on the 
lus lists of the association tasks. In an effort 
event interference upon recall, this form was 
d so the stimulus words were hidden from S's 
Two different lists of stimulus words were 
in the two NWA conditions each S received. 
S was allowed 60 sec. to complete each form. 
of the four output conditions was presented 
Mach S twice, comprising the eight trials. The 
Were evenly divided into two groups, each of 
Teceived one or the other permutation of 
` list word list pairings. Accordingly, a 
X 2 (Conditions X First versus Second Pre- 
tion of Each Condition X Sets of Number- 
List Permutations) design was defined. Two 
les, condition and relative location, were 
Ss measures, with the third variable, permu- 
j a between-Ss groups measure. Any effects 
Particular stimulus lists or particular serial 
tions were allowed to vary randomly by assign- 
different trial order of the conditions to each 
Or restrictions were placed upon the trial- 
on assignments to insure a reasonable repre- 
tion of each condition in each trial. — 
een minutes of elaborate instructions were 
ted on a tape recorder. The recall activities 
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TABLE 1 


MEAN NUMBER or NUMBERS CORRECTLY Ri 
.ECALLED IN EACH 
or Four OUTPUT CONDITIONS 


Output condition M 
Numbers only 2.11 
Numbers then words 1.60 
Numbers then word association. 1.77 
Words then numbers 1.93 


specified by each of the four forms were described 
in detail in the instructions. The Ss were told (a) 
the left-hand column must be filled with as many 
items as possible before proceeding to the right, 
(b) upon leaving the left-hand column he could not 
return, (c) within a category, order of recall was 
unconstrained, and (d) he could forget the memor- 
ized words when he encountered the N_ and NWA 
conditions. Finally, four practice trials, one for 
each of the four forms, was provided. 

The Ss were 48 female undergraduate students 
enrolled in an introductory psychology course at the 
University of Houston. 

Results. Mean recall of numbers in each of the 
four output conditions is presented in Table 1. The 
analysis of variance indicated that the effects of 
output condition and relative location of a given 
output condition were significant, F (3, 138) — 3.34, 
p «.01,and F (1, 46) = 4.06, p < .05, respectively. 
The significant effect of relative location resulted 
from fewer numbers recalled on the second presen- 
tation (1.73) of a given output condition than on 
the first (1.93) of the same output condition. None 
of the remaining effects or interactions was signifi- 
cant. Planned comparisons on differences between 
output conditions showed (a) more numbers were 
recalled in the N— condition than in the NWA con- 
dition, F1, 138) = 4.16, p < .05; (b) the difference 
between numbers recalled in the NWA condition 
and the NW condition was in favor of NWA but 
not significantly, F (1, 138) = .98; and (c) the dif- 
ference between WN and NW approached signifi- 
cance, F (1, 138) = 3.67, p = .06. This pattern of 
differences indicated that the N_ condition differed 
significantly from the NW condition. 

‘Discussion. The results confirm Epstein's Only 
effect, N- > NW. Also, the relative magnitudes 
of WN, N-, and NW replicate results obtained by 
Epstein in the particular experiment that most 
closely approximates this one (Epstein, 1969, Ex- 
periment I). However, the results also reveal a 
decrement in ongoing recall performance due to the 
delay of the performance of a word association task. 
Epstein’s explanation does not apply to the later 

effect. 

To explain the N-NWA difference, we assume 
that Ss organize the sequencing of their behavior 
at a task level. This organization is constructed at 
the time of the cue and determines which tasks are 
to be performed and in what order. It consists of 
unitary codes, a number recall code and a word 
association code. In NWA, this organization con- 
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sists of both codes with the order designated. 
During recall, attention paid to the organization 
adversely affects recall. In N_, the organization 
consists of the number recall code only. It can be 
and is ignored during recall, and consequently no 
adverse effect upon recall occurs. Note that this 
explanation accounts for the difference between N_ 
and NW. 


Journal of Experimental Psycholo, 
1974, Vol. 103, No. 6, 1204-120: 
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FREE, FORCED, AND RESTRICTED RECALL IN VERBAL LEARNIN( 


» WALTER RITTER? 
Herbert H. Lehman College, City University of New York 


_ In a previous experiment, Ritter, Buschke, and 
Gindes (1974) found that the recall of items re- 
- peated across trials was interfered with when they 

- were embedded in lists containing an equal number 
: of nonrepeated items. That experiment indicated 
2 that the repeated items were retained in long-term 

storage (LTS) and that the interference in recall 

was due to failure to retrieve the items from LTS. 

Such retrieval failure of the repeated items could 

have been due to difficulty in finding the items in 

LTS or to difficulty in list discrimination (i.e., dis- 

criminating whether items were one of the group 
f of repeated items or were one of the nonrepeated 
items from a previous trial). 

The purpose of the present experiment was to 
clarify the nature of that retrieval failure by using 
forced recall as well as free recall to determine 
whether further search may lead to retrieval of 
additional repeated items ; the balance of correct 


~7 This research was supported by U.S, Public Health Service 
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National Institute of Medical Science and HD. 
the posed Institute of Child Health and Hui D dn 
ment, 
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| Forced recall, requiring as many responses as items presented on each tr 
Iu resulted in greater retrieval than obtained by standard free recall. Forced 
’ recall increased the retrieval of items repeated across trials, as well as of 
items new on each trial, without significantly increasing the intrusion rate. 
These results support the conclusion that the inclusion of different, new 
items on each trial interferes with retrieval (rather than list discrimination) 
of repeated items from long-term storage. Restricted recall of only the re- 
peated items from lists also containing new items was greater than recall 
of the repeated items in free recall; the difficulty in retrieving the repeated 
items from long-term storage during free recall of all items appears to be 
due to use of (different) retrieval schemes on each trial to include the recall 
4 of the new as well as the repeated items. 


HERMAN BUSCHKE 


Saul R. Korey Department of Neurolo F. 
Kennedy Center for Research in Men Ri on 
and Human Development, Albert Eir 
College of Medicine 
i 
items and intrusions contained in the » 
! reca) 


items obtained by the group using for rec 
should distinguish between difficulty in reirieving 
(finding) and difficulty in discriminating 


peated items. To assess the effect of rec ling the - 
nonrepeated items on recall of the repea d items, 
a third group recalled only the repeated items (re 


stricted recall). All three groups we 
quired to indicate, by recognition, w 
items were repeated or nonrepeated during the 
presentation of items on each trial after the first. 
Method. Forty-eight undergraduate students at 
Lehman College participated in the experiment. 
Eight lists of male first names were presented for 
free recall. Each list of 16 items contained 8 re- 
peated names that were included in all eight lists, 


and 8 new names that were not included in any ~ 


other list. The order of new and repeated names 


was randomized from list to list, and the order of 


the eight lists was randomized across Ss; so that 
for the entire group of 16 Ss in each condition each 
item appeared equally often in each serial position 
on each trial. : 

To evaluate recognition of the repeated names, 
the lists were presented in printed form for Ss tO 
discriminate repeated from new items by checking 
whether each item was repeated or new, beginning 


‘numbers - 


perimental — 
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9— —9 Forced 
€ —-—--9 Free 


"9 Restricted 


RECOGNITION 


]:2:3-4,9.08 T.8 
TRIALS 


Forced and free recall of repeated items (left panel) and nonrepeated (new) items (right panel), 


(Intrusions in forced and free recall are shown in the 


the second trial (since on the first trial they had 
no way of determining which were repeated and 
which were new items). The latter group also 
were instructed to check their guesses. 

Results and discussion. The forced recall group 
recalled about three words more per trial than the 
free recall group, an increase of 38% (Figure 1). 
The difference in recall across trials of the two 
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Ma Test) ‘od recall of repeated items only (left panel). 
! left pan id recognition of the repeated items for all three conditions is shown in the right panel.) 
E. 
E, the se d trial. The Ss were told to move 
pu of ca: dboard down the list of items as each 
jn Checked io prevent them from taking second 
t $ at previously checked items. They were told 
f; spend only a second or two deciding whether a 
Bien item was repeated or new. 
CR S was given a booklet containing the eight 
E. for recognition, alternating with blank sheets 
Mth the numbers 1-16 for written recall. After 


Bn of repeated and new items, Ss were 
Der ames they recalled from that list in any 
RM i he Ss were told that if they were uncer- 
Be ether an item belonged to the list they 
E recalling, a check mark should be placed 
» to that item. Each S proceeded at his own 
ace, 
E were three conditions, with 16 Ss in each 
ite ce Jn the forced condition, Ss were re- 
ing if to give 16 names on each recall trial, guess- 
Bües Necessary, and to place a check next to each 
5. In the free condition, Ss were told to re- 
Qired SONT names as possible, but were not re- 
they w © give any particular number of responses : 
incer ere told not to withhold responses due to 
Bess anty, and to place checks next to their 
es. In the restricted condition, Ss were asked 


Fecall only the repeated items, beginning with 


groups was significant, F (1, 30) =41.2, p<,001. 

The forced recall group increased their recall of — 
the nonrepeated items over the free recall group 

about as much as they increased their recall of the 

repeated items; Condition X Trials interaction, F 

(7, 210) = 1.86, ns. This result contrasts with that 
found by Cofer (1967) for forced recall. He 
found a negligible increase in recall using a forced 
procedure, and concluded that the initial, unforced 
free recall largely exhausts storage. Since Cofer 
used a single-trial recall and we used multitrial 
recall, the first trial of the present experiment is 
the only relevant trial for comparisons with Cofer’s 
results. It is possible that the composition of the 
lists might account for the difference in results: 
since the items in our lists all belonged to the same 
category, search for additional items may have been 
more effective. Our results show that unforced 
free recall does not exhaust what is in storage. In 
a design where Ss gave three successive recalls 
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without intervening study trials, Tulving (1967) 
drew the same conclusion on the grounds that some 
items not given on the first recall were recalled on 
one or both of the subsequent two recalls. Buschke 
(1974) obtained related results by using repeated 
recall attempts after restricted presentation, in 
which items are presented only until they are re- 
called once; on subsequent trials only those items 
that have never been recalled are presented. 
Buschke found that items recalled at least once, but 
not recalled on one or more subsequent trials, 
usually are retrieved again on later trials without 
any further presentation of those items. Such find- 
ings indicate that the free recall of a given trial 
may not exhaust what is in storage. The critical 
question, then, is what factors prevent Ss from 
recalling all of the items in storage. 

Greater forced recall than free recall supports 
-the conclusion of Ritter et al. (1974) that the lower 
recall of the free recall group was not due to failure 
to store or retain (information about) items in 
LTS. The results of the recognition task also 
. support that conclusion. All three groups ob- 
‘tained high recognition scores for the repeated 
ems on their first attempt at recognition (Trial 
2), and achieved virtually perfect recognition from 
urth trial onward (Figure 1). The discrep- 
Icy between storage in and recall from LTS 
uld be accounted for in at least two different 
ways: (a) difüculty in retrieving items from LTS, 
and (b) difüculty in discriminating the list mem- 
bership of items recovered from LTS. 

The difference between these two possibilities is 
illustrated in an experiment by Anderson and 
Bower (1972), which used 16 different lists, drawn 
from a common pool of 32. items, so that each item 
appeared on several of the lists, Repetition of the 
items on several of the lists led to a gradual in- 
crease in the recall of each list, until around the 

ninth list, after which a gradual decline in recall 
occurred. The reduction in recall was attributed 
to an increasing difficulty in list discrimination. (ie., 
recognizing whether a given item had occurred 
on the most recent list), which gradually over- 
shadowed the continuing increase of retrievability 
due to further repetition of the items. Because re- 
moval of the list discrimination requirement should 
unmask the actual course of the retrievability of 
the items, a second condition was conducted in 
which Ss recalled all items from all lists presented 
after study of each list. Without the need for list 
discrimination, recall increased steadily across all 
trials, 

In the current experiment, the list discrimination 
requirement was retained, and the two factors of 
retrievability and list discrimination were separated 
by instructing S's to check items they were uncer- 

tain were on the current list. The forced procedure 
resulted in a greater recall for the forced recall 
group than the free recall group, despite main- 
taining the list discrimination requirement, This 
suggests that Ss in the forced recall condition kept 
earching LTS after Ss in the free condition had 
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TABLE 1 
DISTRIBUTION OF GUESSED 


On current list 


Conditions |. eure Total 
Repeated | New } 

Restricted 11 3:54 

Free 47 11 | 

Forced 25 24 | 403 


stopped due to the difficulty encou 
more items. Analysis of intru 
(ie, checked) items indicates tl 
were found after additional searc! vere not 
hampered by difficulty in list disc n. The 
increased recall of the forced gr not ac- 
companied by a significant incre; rusions, 
F (1, 15) 2214, ns. Figure ! that the 
absolute number of intrusions was for the $ 
forced recall condition than the f ! condi- - 
tion, but this would be expected b he forced 
recall group gave more responses | free re- 
call group. When intrusions we essed in 
terms of percentage of total rec ials, the 
differences between the two groups en more 


in finding 


| guessed 
^n items 


negligible: on arc-sine transforma: (1, 15) 
=.13, ns. It should be stressed ti rate of 
intrusions was low in both group and 5% 
of all responses for the free and forc 11 condi 


tions, respectively). If the lov 
recall group was due to difficulty 
tion, then the greater recall of th 
group ought to have been accompa: 
crease in intrusions. 

Table 1 presents a breakdown of ti esponses 
checked as guesses in the three cc: is, Thes 
forced recall group checked a tota! ver four 
times as many responses as the free reeall group. 
Nevertheless, the forced recall group picked up 
fewer correct items by guessing than ree recall 
group (a total of 49 and 58, resp , for re- 
peated and new items combined). cater re- 4 
call of the forced recall condition, ore, was 
not due to guessing. 

The nature of the retrieval difficulty of the free | 
recall group is suggested by comparing their per 
formance with the restricted recall group. These 
two groups were alike in that neither included any 
forced procedure. Figure 1 shows that the re- 
stricted recall group recalled about the same num- 
ber of repeated items as the free recall group dur- 
ing the first few trials, but from Trial 4 onwar 
they consistently recalled more of the repeate 
items than the free recall group; Condition X E 
interaction, F (7, 105) = 31.59, p —.01. This dif 
ference between the two groups cannot be at- 
tributed to the presentation of the nonrepeat 
items, since both groups received identical lists. 
and both groups had to attend to all items m 
Order to determine whether any given item b b: 
repeated or nonrepeated on the recognition n. n 
The crucial difference between the two groups Wa? 


:crimina- 
d recall 
y an in- 


h 


U 


that the :. ‘ricted recall group did not have to re- 


call the r: -epeated items, They were accordingly 
able to v . similar retrieval scheme on all trials 
effective retrieval of just the repeated items. 
The free all group, by contrast, had to use dif- 
ferent re al schemes on each trial to include 
the nonr ed as well as the repeated items on 
each tria 
It appe then, that the lower recall of the re- 
peated it by the free recall group was due to 
difficulty retrieving the repeated items from 
ETS (ra: than difficulty in list discrimination), 
and that difficulty seems to be due to the use 
of differ trieval schemes on each trial; so that 
despite re on, the recall of repeated items does 
mot imp: uch when they are embedded ina 
different 1 each trial. Finally, the difference 
in recall « repeated items by the restricted and 
free reca ups shows that items are not recalled 
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independently, but ate recalled through use of. re- 
trieval Schemes in which the retrieval of each item 
1s integrated with the retrieval of other items. 
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EFFECTS OF PROBE-DIGIT POSITIONS AND FEEDBACK 
ON ITEM RETRIEVABILITY IN-SHORT-TERM MEMORY? 


J. D. READ? GAYLE READ, AND IAN EXCELL 
University of Lethbridge, Lethbridge, Alberta, Canada 


In a short-term memory experiment using the sequential probe technique 
of Waugh and Norman, the locus of the majority of probe positions and 
the availability of feedback about the correct target digit were varied, The 
results demonstrated that increased item retrievability was a function of the 
presentation of feedback and not probe position alone. The similarity of 
the present experiment to investigations of the yon Restorff phenomenon and 
the need to study rehearsal process in short-term memory were emphasizd. 


on primary memory -reported by 
Norman (1965), a function relating 
„Probability of recall and the number of inter- 
Yening items between the presentation of an item 
and its recall was derived. The function revealed 
© Probability of recall to be an inverse function 
of the number of intervening items, The data 
"Te interpreted in terms of the action of a dis- 
Macement process in primary memory such that 
lew Entering items displaced old items according 
P the order of input and displaced items were 


p 
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permanently lost. Later, Atkinson and Shiffrin | 
(1968) demonstrated- that the type of processing 
given items by S or the "control processes" used 
by S in short-term memory (STM) experiments 
may vary dramatically from situation to situation 
and are determined by such variables as the in- 
structions, materials or $ in any particular situa- 
tion. As Baddeley (1972) has suggested, such 
processes could be considered similar to rules for 
increasing the retrievability of items in an STM 
task. For example, both the primacy and recency 
effects observed in a variety of STM tasks are due 
in part to the fact that end items may serve as 
anchor points, and this property may increase their 
retrievability. It is also possible, however, that 
since rehearsal has been found to vary systemat- 
ically across list positions and this differential 
rehearsal has been used to account for primacy and 
recency effects in free recall (e.g., Rundus & Atkin- 
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son, 1970), such rehearsal factors may also be 
operative in STM experiments. Although Waugh 
and Norman attempted to control for differential 
rehearsal by requiring Ss to think only of the last 
item heard, the success of these instructions was 
not discussed by the authors. 

In any event, in addition to the major action of 
the displacement process in primary memory, the 
recency effects observed in the Waugh and Norman 
study may be due in part to the necessarily higher 
retrievability of items at the end of the 15-digit 
sequences solely because of their positions. How- 
eyer, since Waugh and Norman also placed an 
emphasis in testing on the last 6 digits (i.e, probes 
occurred in Positions 3, 5, 7, 9, 10, 11, 12, 13, and 
14), and since Ss may receive some selí-confirma- 
tion or feedback as to the correctness of their re- 
sponses over the last 6 digits in particular because 
they would be available in primary memory, the 

— retrievability of items at the end of the sequences 
would be further heightened. Such an effect could 
be considered similar to the von Restorff phe- 
nomenon wherein item recall is enhanced by a 
distinctive cue that accompanied the item during 
its presentation (e.g, Cimbalo & Maloney, 1970). 
The present experiment explores the roles of probe- 
digit position and the confirmation of responses on 
- the retrievability of individual items in STM. 

_ Method, Eighteen paid psychology students at 
“the University of Lethbridge were randomly as- 
signed to experimental groups and served in six 
sessions of 1 hr. each, 

The experimental tape consisted of 98 16-digit 
sequences recorded in a monotone voice at a rate 
of 1 digit per sec. The sequences were constructed 
randomly with the restrictions that no digit occur 
more than twice in succession and that the final 

digit occur only once in the preceding 15 digits. 
— A high-pitched tone accompanied the presentation 

- of the last digit to indicate the end of the sequence 

and the probe digit for recall. 

Three groups of six Ss that differed only with 
Tespect to the positions held by the probe digits 
served in the experiment. For one group the locus 
of emphasis in testing occurred at the end (E) of 
the sequences and consisted of equal numbers (10) 
of tests with the probe at Position 3, 5, 7, 9, 10, 
11, 12, 13, and M. Thus, Ss in Group E received 
the identical testing procedure to Ss in Waugh and 
Norman’s (1965) experiment. For the two re- 
of emphasis occurred 


à or at the middle (M 
of the sequencies and similarly consisted A n 


tests with the probes at Positions 1, 23:5: 
5, 6, 7, 8, 10, 12, and 
In contrast to the Waugh & 
one half of the Ss in each 


feedback in the form of the 
correct answer at the end of each digit sequence. 

At the beginning of each Session, Ss received in- 
structions which outlined the procedure and the se- 
quential relationship between the last digit (probe) 
and the target digit in the Sequence. The S's task 
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was to recall the digit that followec 
currence of the probe digit. As in! 
Norman (1965) experiment, Ss v 
told that as they listened to the tav- 
"think only of the last number you ! 
never of any of the earlier ones." T 
and materials were presented to 
headphones and the experiment to 
quiet cubicle in the presence of E. 
interval was provided in the middle 
At the end of each sequence 5 w 
write the target digit in a numbere 


* first oc. 
'augh and 
iditionally 3 
“ey should 
:eard and 
tructions 1 


session, ^ 
aired to d 
kiet and 


to guess whenever he was not sur * correct - 
answer. In the feedback condi correct 
target digit was printed on the rever: of each 
booklet page, thus S indicated his choice 


and then turned the page to obta correct 
answer. The answer could not ! through 
the page. At the end of the experi "s were 


questioned about their awareness of ti 
positions and their ability to follo 
faithfully. Finally, Ss were provid 
information concerning their own p ces and | 
the purpose of the experiment. 
Results. Since the first 8 sequence 
sion were not scored, there rem 1 
each probe-digit position. An analy: 
was completed using as data the n 
rect responses for each probe-digit 


ich ses- 
tests at 
variance 
of cor- 
^on com- | 


mon to all experimental groups (i.e itions 3, 
5, 7, 10, 12, and 14) in each su third, or? \ 
stage, of the experiment (ie, S -2, 3-4, Aug 
and 5-6). In the two panels of the cor- 4 
rected recall functions are plotted « itely for 
each locus condition with and with. edback.? 


Although the Locus X Position interact. proved 4 
to be significant in the analysis, F (10, 50) =2.46, 5 
$ < .025, it is apparent in Figure 1 tha! the effects 
of locus are generally restricted to those groups 
which received feedback. Indeed, ignificant 
Locus X Position X Feedback interactio 
this observation, F (10, 60) = 2.08, p 
all performance was essentially identica! 
B (X = 33.4%), (X = 36.8%), and E (X 
but differed significantly between Ss who did not 
receive feedback (X = 32.196) and those who did 
(X =38.2%), F (1, 12) = 5.03, p < .05. The rela- 
tionship reported by Waugh and Norman (1965) 
between the number of interfering items and the 
probability of recall was, of course, evident in each 
group and led to a highly significant main effect 
of positions, F (5, 60) = 116.27, p < .001. More- 
over, as S progressed from the first (X = 30.8%) 
to the second (X = 37.4%) stage of the experi 
ment, performance increased significantly and then. 
remained constant in the third stage (X = 37.7%) 
F (2, 24) =17.52, p «.001. However, the im 


3 Following Waugh and Norman (1965), the data were col 
rected for guessing according to the formula: $ (ri Adi 
I» (correct) — g]/(1— g), where g was 1/9 or the Prov 
ability of guessing the correct answer. 


| provemen 
to probe 
“nificant 5 


icross stages was generally restricted 
itions 12 and 14, which led to a sig- 
ges X Position interaction, F (10, 120) 
.001. The exception to this trend was 
ment in performance on Probe Posi- 
i 7 for Group M across stages, which 
nificant three-way interaction involving 
iges, and locus of emphasis, F (20, 
b <.05. All remaining interactions 
ficant ($2.05). 
‘perimental questioning revealed a con- 
nce between the no-feedback and feed- 
Whereas Ss in the former groups 
are of a differential emphasis in test 
oss the digit positions, all Ss in the 


frequenc; 


latter gro were aware of both the existence and 
loci of ti ^hases. When questioned about their 
ability t ow the instructions successfully, all 
Ss report eat difficulty in doing so and in spite 
of the fac t the directions to “think only of the 
last item y have heard” were repeated every ses- 

Psion, all © reported abandoning these directions 
early in experiment. Instead, Ss each tried 
a number 'rategies to improve their recall, none 
of which related to a particular experimental 
) group, no: € they regarded as being consistently 
successful 5s. The majority of these strategies 
Were atter to group the digits into pairs and 
triads, 

Discussi Because it is clear that the recall 
functions fo: Ss in Groups B, M, and E who did 
hot receive dback were essentially identical to 
Leach othe: i to those reported by Waugh & 
Norman ( the hypothesis that the testing 
emphasis u: -: end items increased the retrievability 
Of these ites in the Waugh & Norman study was 
Mot suppor 

On the oter hand, a major effect of feedback 
Was observ.; in the present study. Overall per- 
formance increased in the feedback groups 
because of anced recall of items occupying posi- 
tions at the loci of emphasis. However, the en- 
“hancement locus items was accompanied by a 
relative det ion in performance at other probe 
Positions in ihe sequences. A similar depression 
effect has n observed by Cimbalo & Maloney 


( 1970) in a investigation of the von Restorff phe- 
f on in STM. Indeed, an important feature of 
J€ present experiment resides in the functional 
Similarity between manipulations of item isolation 
Hid increases in the number of probes at a specific 
“Sus in a sequence. The effect, of course, depends 
On the availability of feedback to S. Because all 
Feedback Ss reported being both aware of the 
aUistence and locus of a differential test emphasis, 
© Presentation of this information may have al- 
tred Ss’ control processes or retrieval rules. It is 
nown that correct recognition of an item, like 
"Call, depends on the position it holds in a serial 
BY (eg, Forrin & Cunningham, 1973) such that 
the earlier the position held, the less the likelihood 
Its recognition, If feedback essentially serves 
a means for recognition of doubtful items, it is 
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Feedback 
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oM 
z * E 
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£ 
Pa 


ey SC vL S qn ica oe 


Number of Interfering Items 


Ficure 1. Probability of recall as a function of the num- 
ber of interfering items. (The individual functions for 
Groups B [beginning], M [middle], and E [end] are plotted 
separately for the no-feedback and feedback conditions in the 
upper and lower panels, respectively.) 


10 n 12 


reasonable to expect that the earlier the locus of 
the majority of feedback presentations, the less ef- 
fect these presentations have on performance, This 
expectation is supported in the present study since 
the effect of feedback is greatest for Groups E and 
M and least for Group B. Although not presented : 
in the results, recall performance for Probe Posi- 
tion 1 (ie, 14 interfering items) in Group B was 
slightly lower than that of Probe Position 3 (i.e, 
12 interfering items). In summary, the presenta- 
tion of feedback increased the retrievability of items 
in those positions where the majority of feedback 
presentations occurred. It is reasonable to specu- 
late that the increased retrievability of items in 
these positions was accompanied, if not enhanced, 
by changes in rehearsal activity and that this acitv- 
ity maintained those items in STM. The fact that 
all Ss indicated that they deviated from the in- 
structions in terms of rehearsal adds support to 
this interpretation. However, in the absence of 
controlled rehearsal of individual items in the se- 
quences, the role of rehearsal remains speculative, 
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TOTAL TIME HYPOTHESIS IN LOW-MEANINGFUL SERIAL Li. NG 
TASK, AGE, AND VERBALIZATION INSTRUCTION 


ELAINE COOPER KOFFMAN? anp ROY B. WEINSTOCK 
Mary Washington College 


This experiment tested the predictions that: (a) the total time hypothesis 
(TTH) would not be valid in serial learning (SL) of low-meaningful 
consonant-vowel-consonants (CVCs), but would hold for a modified SL 
(MSL) task in which items n and n+1 appear together, and (b) chil- 
dren's learning would not support the TTH unless Ss were required to 
practice aloud. Study time was held constant at 8 sec/item by concomi- 
tantly varying rate and number of trials. 

factorially combined with task (SL, MSL), 
zation instructions (nonverbalized, verbalized). 
number correct regardless of the combinations of the other variables, Ver- 
balization and MSL impeded learning, and verbalization influenced the 


serial position curve, 


The total time hypothesis (TTH) states that 
amount learned is a function of the amount of 
time spent studying, regardless of the number of 
trials into which that time is divided. Studies of 
the serial learning (SL) of high-meaningful ma- 
terial support the TTH (Brewer, 1967; Keenan, 
1970; Keppel & Rehula, 1965); however, while 
Fisher (1966) found total time invariance in the 


SL of low-association-value consonant-vowel-con- ` 


sonants (CVCs), Brewer did not. This discrepancy 
may be due to reduced response availability in the 
SL of low-meaningful material. To the extent that 
M learns a serial list by “chaining,” i.e., by associat- 
ing item n-F1 with item n, when the duration of 
item n is lengthened but S does not remember 
item »--1, he cannot make use of the lengthened 
interval to associate these two items. Therefore, 
where response learning is slow, as is true with 


degree in the Department of 
versity. 
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Rate (2, 4, or 8 sec/item) was 
age (adult, child), and verbali- 
Rate had no effect on 


low-meaningful CVCs, several short trial 
lead to faster SL than one long trial. A : odifi 
SL (MSL) task, in which items n ani m4 
appear together, might help equalize nominal afi 
effective time. : 

With the exception of a study by Keen 
(1970), in which Ss were eighth-grade pupils, a 
data supporting the TTH have come fro: collegi 
age Ss. Since a young child's attention span 1 
shorter than an adult's, it might be expected thi 
he would not continue practicing throughout a loni 
study trial unless he were required to do so byf 
for example, having him rehearse aloud. 

"The present experiment tested whether the TTI 
would remain valid when either response avail 
ability or S interest was low. The Ss learned 
low-meaningful serial list by the study-test meth 
total study time prior to each test trial being hel 
constant at 8 sec/item by concomitantly varying 
rate and number of study trials. Rate (2, 4, o! 
8 sec/item) was factorially combined with tas) 
(SL, MSL), S's age (adult, child), and instruc 
tions concerning verbalization (nonverbalized, ver 
balized). It was predicted that the TTH wot 
not be valid in SL, but that it would hold in MS. 
when Ss were college students or when they wer 
children who were required to practice overt 
The effect of the experimental variables on th 
serial position curve was also examined. 3 

Method. The Ss were 240 Northwestern Uni 


versity - «rgraduates who served in this experi- 
ment in val fulfillment of the requirements for 
an intro: y psychology course and 240 fourth- 
"throug! -grade students from Highland Gram- 
mar S Skokie, Illinois, who were required to 


parti their teachers. The 12 treatment 
condit it result from all possible combina- 
[ tions « e rates, two tasks, and two types of 
- verbali ; instructions were randomly ordered 
| in 20 ! and Ss were assigned to conditions 
on the of the order in which they arrived for 
the ex; nt, this assignment being made sepa- 
rately llege and child S's. 

The in each group learned a list of low- 
meaning VCs, which to help equalize learning 
difficult; s 15 items long for adults and 10 
items loi children. Before each test trial, 
2-sec/iten. groups received four study trials, 4- 
sec/item oups received two study trials, and 
8-sec/ite groups received one study trial, the 
lists ap ing on a memory drum. During three 
I-min. trials, Ss were given forms with the 
initial ulus followed by an appropriate amount 
of nun 4 blank lines and were asked to recall 
the rei ing items in correct serial order. All 
$s we n individually. 

The 1 SL groups saw every item separately ; 
those i L groups saw item » with item n+ 1 
beneat! tem » + 1 with item » + 2 beneath it, 
and s Verbalizing Ss were required to spell 
each ( as it appeared, once, twice, or four 
times > 2-, 4-, and 8-sec. rate conditions, re- 
'Spectiv Verbalizing MSL Ss spelled item n 
When i cared with item n + 1, item »+1 when 
it app with item n +2, and so on. An ap- 
propri ber of repetitions was insured by 
having synchronize their verbalizations with 
a buzzer that sounded every 2 sec. To acquaint 
Ss who iad to rehearse aloud with verbalizing to 
a buz without giving them differential warm- 
up, ali practiced a list of color names prior to 
receivi 1 CVC list. Rate, task, and verbaliza- 
tion in tions for the practice list were identical 
to those used with the CVC list, except that ver- 
balizing Ss were told to pronounce, rather than 
Spell, the color names, 


The CVCs employed in constructing a 15-item 
low-mea gful list were chosen at random from 
hose with meaningfulness (m^) ratings between 0 
ind 1.30 on Noble’s (1961) scale (0<m'<5). There 
vere three selection criteria: (a) A given consonant 
‘ould begin no more than two CVCs, (b) a given 
‘Onsonant could appear no more than three times, 
nd (c) if the same terminal consonant occurred 
vith two CVCs, it had to be preceded by a dif- 
erent vowel on each occasion. Five 15-item lists 
vere created (mean m'—1.06; range m’=1.01- 
‘13), the first 10 items of which were used to 
orm five 10-item lists (mean m'—1.10; range m' 
-103-120). Two random orders were made of 
very list, Each of the five lists of a given length 
/45 used in one order with two blocks of treat- 
ent conditions and in the other order with an- 
ther two blocks, 
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TABLE 1 


EFFECT OF RATE IN THE SERIAL LEARNING SL) AND Moi 
SERIAL LEARNING (MSL) or Lope WOES 


Mean percent correct per trial 


Condition ri e E 
2 sec. 4. sec. 8 sec, 
NV-SL-Adults 26.30 21.40 
V-SL-Adults 23.15 19.95 2130 
NV-MSL-Adults 18,60 23:20 20,35 
V-MSL-Adults 18.60 19.60 15.45 
NV-SL-Children 10.18 13.80. 10.75 
V-SL-Children 4.80 12:00 8.50 
NV-MSL-Children 8.05 10.15 7,50 
V-MSL-Children 7.20 8.90 10.70 


Note. Abbreviations: NV = nonverbalized; V = verbalized. 


Results, An item was scored correct if it was 
spelled correctly and in the correct ordinal posi- 
tion. Since the children's lists were shorter than 
those of the adults, number correct was converted 
to percent correct. To correct for the correla- 
tion between cell means and variances that exists 
when one's basic observations are proportions, 
prior to the computation of analyses of variance 
the percent correct scores underwent an inverse 
sine transformation. The means presented in this 
study have been retransformed to percentages for 
the sake of clarity. 

A repeated measures analysis of variance over 
trials was performed. Table 1 shows that there 
was no consistent ordering of mean percent correct 
at the 2-, 4-, and 8-sec. rates of learning for the 
various possible combinations of the task, age, 
and verbalization variables. Rate did not have a 
significant effect on learning (p>.05). It is im- 
portant to note that the Rate X Age X Task X 
Verbalization interaction was not significant (p> 
.05), indicating that regardless of S’s age, the 
type of list he learned, or his instructions con- 
cerning verbalization, the rate at which the stim- 
uli were presented had no effect on how well he 
learned them given a fixed amount of study time. 

Adults produced a significantly larger percentage. 
of correct responses than did children, Ms= 
20.85% and 9.15%, F (1, 456) —86.94, p<.01. 
The numerical deficits caused by MSL and in- 
structions to verbalize were not significant, p> 
.05, but both task and verbalization interacted sig- 
nificantly with trials: Task X Trials, 24 (2, 912) 
— 3.06, #<.05; Verbalization X Trials, F (2, 
912) = 10.44, p < .01. The relative superiority of 
SL to MSL increased over trials. While on 
Trial 1 verbalizing Ss did slightly better than 
nonverbalizing Ss, on Trial 2 verbalization caused 
a decrement, which increased in size on Trial 3, 

To assess serial position effects a repeated mea- 
sures analysis of variance was performed with. 
“parts of the list" corresponding to trials, Three 
scores per S were obtained for this analysis, ie; 
percent correct summed over all three „trials for 
the first, second, and final thirds of the list. Since 
Item 1 was provided on test trials, the first third 
of the 10-item children’s list was defined as Items 
2-4, the second third as Items 5-7, and the final 
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THIRDS OF THE LIST 


Ficur 1, Learning as a function of verbalization instruc- 
tions (verbalized; nonverbalized) and parts of the list pooled 
over children and adults, 


third as Items 8-10. Fourteen not being evenly 
divisible by three, the first third of the adults 
 15-item lists was defined as Items 2-5, the second 
D as Items 7-10, and the final third as Items 


k; 
y 


Yo The results of the first half of the analysis of 
variance in which the within-Ss term is parts of 
the list almost duplicates the results of the same 
Portion of the analysis of variance in which the 
within-Ss term is trials. The only discrepancies 
found were that the latter analysis revealed signifi- 
cant MSL and verbalization decrements, 

There was a significant recency effect. The mean 
Percentage of correct responses summed over all 
id fab for the first, second, and last thirds 
ot the lists were, respectively, 18.85 o, 2.35%, and 
23.30%, F (2, 912) = 308.11, p sate os was 
also a reliable Task X Parts interaction, F (2 
912) =9.72, p «01. This reflects that SL was 
superior to MSL only on the first two thirds of 
the list; on the final third both tasks produced 
almost identical learning. The Verbalization X 
Parts interaction was significant, F (2, 912) = 
23.26, p < .01. N onverbalizing Ss showed a slightly 
larger primacy than recency effect; the mean per- 
cent correct for Part 1 was 24.10% while for Part 3 
it was 20.10%. In contrast, verbalizing Ss showed 
a markedly greater recency than primacy effect; 
the mean percent correct for Part 1 was 14.15% 
while for Part 3 it was 26.45% (cf. Figure 1). 
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Discussion. On the basis of an hypothesi 
of response availability, it was predicted th= the 
TTH would not be valid in the SL of lo 
ingful material and, on the basis of an hy 
lack of S interest, it was predicted that 
would not be valid in the learning of childre 
their attention was sustained by requiring 
practice aloud. The absence of a signifi 
of rate and a reliable Rate X Task X ^ 
balization interaction indicates that for 
combinations of task, S's age, and verba 
structions examined in the present study, 
8-sec/item rates led to equally good acq 
low-meaningful serial lists. 

It was anticipated that the 8-sec. r 
produce poorest performance with SL 


did not remember item n+ 1, he could 1 ke 
effective use of a long item » exposure, ti iot 
being true with MSL. However, a SL S v is 
not able to remember item n+1 can still c- a 


long item n exposure to learn item » as a unit and 
to practice the connection between ordinal po» tion 
n and item ». Perhaps the “effective stimulo ” in 
SL is dependent on the degree of response vail- 
ability. If S$ remembers item n+ 1 when m 
is shown, he practices linking item »--1 to tem 
n and/or item » to ordinal position n; if 5' ‘oes 
not remember item » + 1, he rehearses the inal 
position n-item n bond only. Brewer's 57) 
finding that rate had a significant effect on t- SL 
of low-meaningful CVCs is probably due to } ; use 
of the pronunciation-anticipation method coy: ined 
with the inclusion of a 1-sec/item group, whi ' did 
poorer than either his 2- or 4-sec item Ss. The | 
results of the present research taken togethc: with 
those of Fisher (1966) who used 2-, 4-, 5, and 
ló-sec/item rates indicate that, for the rarve of 
rates from 2-16 sec/item, the TTH is valid in the 
SL of low-meaningful CVCs. 

It was anticipated that children, becatis: they 
would be less interested than college Ss in making 
use of long study intervals, would do comparatively 
poorer on the nonverbalized MSL task at ihe 8-sec. 
rate. Although there was no statistical support for 
this notion, since the children learned a reliably 
smaller percentage of their list than did the adults, 
the question might arise as to whether the children's 
level of learning under the hypothetically best non- 
verbalized MSL conditions, viz, the 2- and 4-sec. | 
rates, was not so low as to make it difficult for them 4 
to do reliably worse at the 8-sec. rate (2- and 
4-sec. M correct = 8.05% and 10.15%, respectively). 
A successful effort to equate the learning level of 
younger and older Ss would provide more convinc- 
ing proof that children are as interested as college 
Ss in studying throughout the duration of an 
8-sec. trial. 

Turning from the TTH, consideration will now 
be given to the deficits in learning a serial list pro- 
duced by instructions to verbalize and the use of a 
MSL task. Requiring Ss to spell each item as it 
appeared may. have impeded their use of meaning- 
ful associations to transform CVCs into single units 


- practice 
- ordinal 
- nary pr 
buzzer : 
explana 
than w 
- of item 
strong t 
n bonds 
serial c 
tions t 
associat 
Task x 
was nc 
effect c 
ing gro 
“item S: 
The 
primacy 
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rehears 
feature 
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respons: 


and may 


also have made it difficult for them to 


sking item n with item n+1 and/or 
ition ». Furthermore, despite prelimi- 
ice on a list of color names, the pacing 


y have remained a distraction. A logical 
a for the poorer performance with MSL 


SL is that the simultaneous appearance 
and +1 promotes the formation of 
kward associations, ie. item n+ l-item 
hich lead to confusion in remembering” 
Assuming that fast rates and instruc- 
rbalize retard formation of backward 
, this idea predicts a reliable Rate X 
balization interaction. This interaction 
:nificant, and although the inhibitory 
3L was numerically smaller for verbaliz- 
it was larger for nonverbalizing 2-sec/ 
n for nonverbalizing 8-sec/item Ss. 
nt finding of a stronger recency than 
ect is contrary to results usually ob- 
L, but it is not difficult to understand 
© primacy effect depends on continued 
i the first items as others appear. Three 
this experiment worked against such 
First, the items’ low sm ratings slowed 
arning, making it difficult to rehearse 


pulse 
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an item not physically present. Second, the lists 
were comparatively long and, the longer a list, the 
longer the first items have to be held in memory to 
have them "be available" as close to the test trial 
as are the last items. Finally, requiring half the 
Ss to practice overtly must have been of para- 
mount importance in producing the overall larger 
recency effect, since Ss who were not forced to 
verbalize did show a primacy effect of slightly 
greater magnitude than their recency effect. 
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RESPONSE BIAS IN THE RECOGNITION OF PICTURES AND NAMES BY CHILD: EN 


BILL JONES! 
University of Waterloo, Waterloo, Ontario, Canada 


The recognition by children of pictures, names, and pictures together with 
names was examined using a sequential memory task. Separate indices of 
memory strength (7) and response bias (b) were computed. In general, chil- 
dren adopt a rather lax criterion when dealing with names and a somewhat more 
conservative one for pictures. Recognition of pictures and names together 
generally results in unbiased performance. It is argued that the iconic-verbal 
memory distinction (e.g., Paivio's) represents not differences in memory proc- 
esses but differences in response strategy suggested by particular kinds of 


stimuli. 


Evidence on whether young children ordinarily re- 
tain pictures better than words has been ambiguous. 
Bruner, Olver, and Greenfield (1966) assumed that 
memory processes in the young child are essentially 

~~ iconic, and Paivio (1970) argued that retention by 
children is limited if they are forced to translate 
- images into verbal codes. On the other hand, Mil- 
gram (1967) found that children as young as 4 yr. 
may prefer verbal representation, since they were 
more likely to give correct verbal discriptions of 
pictures than to use images to memorize words. 
There is also evidence that either verbal or iconic 
strategies may be equally useful in paired-associate 
learning by young children (Rowhehr, Lynch, 
Suzuki, & Levin, 1967). 
` Some of the differences here may reflect confusion 
_ about the use of the word “name.” Psychologists 
- frequently write as though “name” and “label” were 
Synonymous when in fact names function as labels 
only when they are proper names. Ordinarily 
names indicate a broad category of things or events 
indefinitely specified. Images, on the other hand, 
| are like proper names in that they are quite specific. 
: A Picture of a chair is of that particular chair, not 
all chairs. Since on a priori grounds the psycho- 
logical use of images and names is likely to be 
different, it seems reasonable to suppose that pic- 
torial and verbal material may encourage different 
Tecognition strategies on the child’s part. Given 
names, the child may adopt a rather lax criterion 
for recognition simply because names make general 


Presenting both pictures and names may result in 
relatively unbiased recognition. The name is to 
Some extent specified by the picture without the 


BÉ T 


1 Requests for reprints should be sent to Bill Jo i 
ow at the Department of Psychology, tint enon 
t. Lucia, Brisbane, Australia 4067, Y Of Queensland, 


or of an item which had previously appeared. 
parametric indices of memory strength and re 
bias were the choice theory parameters 7 arx 
spectively (see Luce, 1963). Since these esti: 
are calculated directly from the matrix of stimu 
response contingencies, there is no need to ho 
use a stimulus rating scale or maximize payoffs, ~ 
procedures of doubtful validity with children 
Method. Thirty-six children randomly se’ ted 
from a first-grade class served as Ss. The can 
age of the group was 5 yr. 3 mo. (range, 5 yr. 1 0-5 
yr. 8 mo.). Stimulus materials were 2 X 100 + oto- 


graphs of black line drawings of common « ‘ects 
(table, chair, cat, dog, etc.). Twelve childre, were 
randomly assigned to each of three experi «ntal 
conditions. In the picture recognition cor lion, 
the child was shown each picture individus! ina 
sequence and required to say whether b: had 
already seen it (old) or whether the pictu:- was 
appearing for the first time (new). The sev ence 
was such that the number of intervening ems 
between a new and old presentation was neve) ‘ewer 
than two and never more than four, The «mes 
Sequence was used for each S. The pictur plus- 


tion, 


names condition followed the previous cond 
except that at the same time as each picture was 
shown to the child, E spoke aloud the name of the 
illustrated object. In the name recognition condi- 
tion, E spoke slowly and clearly a corresponding 
Sequence of names. The same sequence of pi 
and names was used for each S in each con 
For Ss in each condition a sequence of 10 pr: 
trials was given using different stimulus materials. 
Results and discussion, Table 1 gives hit (propor- 
tion of old responses given old stimuli) and false 
alarm (proportion of old responses given new 
stimuli) rates for each S$ in each condition. A 
separate one-way between-Ss analysis of variance 
was performed for each dependent measure. There 
were no significant differences between conditions 
in terms of hit rate, F (2, 33) — 1.06; there were 
significant differences in false alarm rate, F (2, 33) 
= 33.55, p < .01. : 
Newman-Keuls comparisons indicated that differ- 
ences in false alarm rate were significant (p < .01) 
between all conditions, In sum, therefore, Ss in all 
conditions tend to have high hit rates, and differences 
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- alarms. 


between 
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nditions are mainly in terms of false 


Table : shows the values of the choice theory 
parame? ~ 7 and b, the indices of memory strength 
Land res; se bias, respectively (see Luce, 1963, for 
comput: “nal formulas). In general, ņ will tend 
to zero sensitivity increases. Values of b less 
than 1 > associated with a bias toward saying 
old and ^se greater than one with a bias toward 
saying » A separate between-Ss one-way analysis 
of vari: was performed on each index. There 
were sig cant differences between conditions, both 
in term m F (2, 33) = 6.63, p < .01, and b, 
F (2, 3 10.52, p < .01. Newman-Keuls com- 
parison owed that the picture-plus-name condi- 
tion di! l significantly (p < .01) from the other 
two co ons in terms of sensitivity. Providing 
the nan ith the picture may increase the prob- 
ability the stimulus will be remembered, be- 
Cause ^ ıs two sources of information. Con- 
 ceivably. iecisions about each item can be made 
along i »endent decision axes, although Dough- 
erty, J , and Engel (1971) suggest that cogni- 
tively valent information presented in the 
visual : uditory modalities is handled along the 
Same doo sion axis. The present data are not 
sufficien ^ test these two alternatives. 

New: Keuls comparisons indicated significant 
differen. between all conditions in terms of re- 
sponse In the name condition, Ss, as pre- 
dicted, e heavily biased toward saying old, 

TABLE 1 

V axp FALSE ALARM RATES FOR EACH S 

IN EACH CONDITION 

| Picture Reet Name 
S 

FA H H FA 

20 .98 -98 40 

30 -98 -20 Cth 

27 -96 198 220 
27 295 197 440 
27 .99 95 AL 
20 ‘99 :97 :20 

13 .98 .99 70 
47 198 «93 al 
10 -98 +93 0 
20 +99 398 | esr 
23 197 96 60 
40 298 96 37 


Note. Abbreviations: H = hit rate; FA = false alarm rate. 


TABLE 2 


VALUES OF » (SENSITIVITY) AND b (RESPONSE Bias) 
FOR EACH S IN EACH CONDITION 
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it Picture 
Fiet. plus name Name 
s 
n b L b 7 b 

1 05 20 02 1,00 08 AZ 
2 33 17 02 1.00 20 55 
3 06 26 05 44 05 20 
4 06 26 06 26 05 52 
5 6 26 03 1.00 08 «63 
6 .05 20 01 52 07 35 
7 03 08 04 26 48 06 
8 33 AT 03 1.00 22 32 
9 11 1.00 02 1.00 22 32 
10 25 1.00 01 1.00 14 07 
11 24 84 03 1,00 25 16 
12 08 12 02 1.00 15 27 


taking all items as ones that had already been 
presented. Performance in the picture condition, 
on the other hand, is based on a somewhat more 
conservative strategy. Given both picture and 
name, in general Ss’ responses shift toward unbiased 
performance. In fact, recognition is unbiased for 
7 of the 12 Ss, 

In practice the iconic-verbal memory distinction 
may be more apparent than real. We need not 
assume, as Bruner et al. (1966) and Paivio (1970) 
have perhaps too readily done, that what we can 
at best inadequately call imagery and verbal 
strategies reflect real differences in thinking. Differ- 
ences in the recall of verbal and pictorial material 
by young children may represent not differences in 
memory but differences in criterion placement cued 
by the experimental task. 
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PHYSICAL SIZE SHIFT AND RELEASE OF PROACTIVE INHIBITION 
IN SHORT-TERM MEMORY! 


MAXWELL C. ELLIOTT * 


Simon Fraser University, Burnaby, British Columbia, Canada 


The physical size of a stimulus was changed on the fourth trial of a Brown- 
f Peterson short-term memory task. A significant release of proactive inhibition 
i effect was obtained and compared with the Von Restorff isolation effect found 


It has recently been noted that in the Brown- 
Peterson short-term memory (STM) paradigm pro- 
active inhibition (PI) can be released by introducing 

a stimulus category that is different from the cate- 
-  gory associated with the buildup of PI (Wickens, 
j 1970). Wickens has interpreted the release-of-PI 
effect as indicating psychological encoding categor- 
ies. This interpretation is based on the assumption 
_ that interference varies directly with the psycho- 
logical similarity of the items and if an increase in 
retention is observed when the stimulus category is 
— shifted, then the two categories are psychologically 
E different. Wickens interprets the release of PI from 


D an interference theory framework. Other STM re- 
= searchers have presented a perceptual alerting inter- 
. pretation of the release of PI. 
Turvey and Egan (1969) changed the stimulus 
background area size on the fifth trial and produced 
a release of PI. However, the magnitude of their 
- effect was small when compared with the releases 
- obtained by shifting verbal categories. Gumenik 
_ and Fay (1970) achieved a release of PI by outlining 
_ the ninth-trial consonant-consonant-consonant with 
_ a dark rectangle. They reasoned that if a release 
_ of PI could be obtained by perceptual isolation then 
an explanation involving attentional responses to 
. stimulus change would be feasible for both their 
í results and the conceptual class change releases. 
_ They also suggested this same mechanism could be 
used to equate the long-term memory (LTM) re- 
. Search on the Von Restorff effect with the STM 
. research on the release of PI. If it is found to be 
. warranted, the use of a single mechanism to relate 
and explain results from list learning, paired-associ- 
ate learning, and long and short-term retention 
studies would be very parsimonious and extremely 
appealing. It would be expected, however, that 
methods shown to be effective for isolating a stimu- 
lus in a list-learning situation would also be effective 
in a STM release-of-PI paradigm. 

S Gumenik and Levitt (1968) investigated the isola- 
tion effect in a list-learning paradigm by varying 
the degree of beris They used a list of nine 
consonant-vowel-consonants (CVCs) and i. 
the sixth CVC by having it either rus wie 
than the other eight CVCs. The standard sizes 


1 This research was done in partial fulfill í 
ments for a PhD degree at Simon Fraser Universes, uito 
,* Requests for reprints should be sent to Maxwell C. Elliott, 
Simon Fraser University, Burnaby, British Columbia, Canada’ 


in long-term memory studies. The possibility of the same mechanism being 
involved in both effects was discussed. 


were 2.3 X 4.5 in. and 6.7 X 13.0 in., whi! » iso 
lated items were either 2.3 X 4.5 in., 3.3 Lin; 
4.7 X9.1 in., or 6.7 X 13.0 in. They fi that 
size deviation could be effectively emp! for 
isolation and that the degree of learnin; the 
isolated item was directly related to the e of 3 
isolation. 

The present experiment was done to inve igate 
the abilities of an effective isolation dimension size) 
in a STM release-of-PI design. 

Method. The Ss were 48 male and 2? male 
volunteers from the Simon Fraser Universi: com- 
munity who were paid for participating the 
experiment. 

A Kodak slide projector was coupled ith a 
Gerbrands electronic shutter for stimulus © enta- 
tion. A Uher tape recorder and headph« were 
used to administer the intervening activi The 
temporal parameters and sequences were co <olled 
by Grason-Stadler timers and relays. AV -quip- 
ment was located outside a soundproof boot The 
stimuli were projected through a window o the 
booth and the warning and recall lights, ell as 
the intervening activity, were patched i o the 
booth. The stimuli were four low-associati^- value < 
(from one to nine) CVCs randomly selecto from 
Archer (1960) and were arranged into four counter- 


balanced orders such that each CVC red 
equally as often on each trial. Each stimulus was 
contained on a slide and was white on a black back- 
ground. Each S was tested individually in a sound- 
proof booth and monitored by a Packard Bell 
camera. All Ss received four Brown-Peterson trials- 
A trial consisted of: a 3-sec. warning signal (a green 
light); a 1-sec. presentation of a CVC; 20 sec. of 
writing down digits presented aurally at a rate of 
two digits per second; and, a 5-sec. recall period 
(signaled by a red light) during which S wrote down 
the response. The warning and recall lights were 
located in front of S. The offset of each trial was 
immediately followed by the onset of the next trial- 

The Ss were assigned to one of three groups. Each 
group was comprised of 16 males and 16 females: 
The size of the CVCs for the control group was 1.27 
3.81 cm. for all four trials. The second group 
(Shift 1) received 5.08 X 15.24 cm. stimuli for the 
first three trials and a 1.27 X 3.81 cm. stimulus for 
the fourth trial. The third group (Shift 2) received 
10.16 X 30.48 cm. stimuli for the first three trials 
and a 1.27 X 3.81 cm. stimulus'fer the fourth trial. 
The background was a 26 X 28 in. screen. 
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hypothesi 


retention over the first four trials. 
attempted by viewing the first stimulus as a devia- 
tion from the just prior environment, and as sucl 
Js itself a change. 
possess many of the same properties (size, color, 
‘background, and conceptual class, as examples) and 
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‘The scoring method employed was the 
; Kincaid and Wickens (1970) wherein 


letter received one point and an addi- 
was awarded if all letters were correct 
correct position. 

s of stimulus size, gender, and the three 
to the shift were investigated by an 


variance. The only significant effect was 


s, F (2, 180) = 83.076, p < .001, indi- 
ildup of PI. The means for trials 1, 2, 
1.63, 2.60, and 1.55, respectively. 
analysis of variance was calculated on 
1 data for gender and prior stimulus 
in effect of gender and the interaction 
;d stimulus shift were nonsignificant, 
in effect of stimulus shift was signifi- 
/0) = 6.247, p < .005 (see Figure 1 for 
;nd release of PI). The means for the 
p (1.27 X 3.81 em. to 1.27 X 3.81 em.), 
hift group (5.08 X 15.24 cm. to 1.27 
and the large-shift group (10.16 X 
1.27 X 3.81 cm.) were 1.594, 2.594, and 
tively. A Duncan's test of means was 
; these groups. The medium-shift con- 
he large-shift condition were not sig- 
crent from each other but were both 
better than the nonshift condition 


Although the degree of release did not 
with the degree of deviation, the results 
ate that changing the physical size of 

produces a release of PI. Wickens’ 
;la for estimating the relative magnitude 
s calculated for the Shift 1 and Shift 2 
> Shift 1 and Shift 2 groups achieved 
10% releases of PI, respectively. This 
ises the viability of relating the isola- 
ith the release of PI and postulating the 
aism for both. The-mechanism could 
ace (Wickens, Born, & Allen, 1963) or 
lerting (Gumenik & Fay, 1970). 
(1970) has pointed out that it would 


appear to be incumbent on a perceptual alerting 


to also explain the observed decline in 
This could be 


The following stimuli then 
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Ficure 1. Mean short-term memory (STM) scores for the 
control (1.27 X 3,81 cm. to 1.27 X 3.81 cm.), Shift I (5.08 X 
15.24 cm, to 1.27 X 3.81 cm.), and Shift II (10.16 X 30.48 cm. 
to 1.27 X 3.81 cm.) groups over all four trials. 


thus become less deviant às trials progress. This 
explanation—increased attention in response to 
stimulus deviation—becomes very similar to the 
retrieval cue hypothesis discussed by Wickens 
(1970). One only has to assume that the unique 
retrieval cues, provided by the stimulus deviation, 
produce a perceptual alerting (or vice versa). The 
attractiveness of adding the attentional/perceptual 
concept lies in its ability to draw together not only 
verbal-learning and retention studies, but also data. 
and measures from the areas of perception and 


attention. 
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This experiment investigated the time course of recall 
A hypermnesic (incremental recall) effect was 


pictorial and verbal inputs. 


HYPERMNESIA FOR PICTURES BUT NOT WORDS: 


Brooklyn College of the City University of Nex 


(from 3 to 5 min.) for 


found for pictures but not words, and was shown to be independent of mul- 


tiple-recall trials. The results suggest that past research on incremental mem- 
ory, particularly reminiscence, may have foundered because experimenters un- 
wittingly shifted from unwieldy but effective stimulus materials (e.g., poetry 
and other imaginal stimuli) to more manageable but ineffective stimuli 


nonsense syllables). 


A powerful hypermnesic effect, an increase of 
recall over time, was recently reported by Erdelyi 
and Becker (1974). Using a multiple-recall trial 
paradigm, they reported an increase in recall for 
pictures, but not words, over time. In their study, 
however, time and number of tests (recall trials) 
were confounded, though there was some evidence 
that interpolated "think intervals" between recall 
trials augmented the hypermnesic effect. The 
Purpose of the present study was to determine 
directly if recall may increase with time, independ- 
ently of potential practice effects arising from 
-— multiple-recall tests, 

The problem of repeated recall tests has been a 
central issue in much of the experimental literature 
on incremental memory effects, in particular remi- 
niscence, and there is considerable support for the 
position that such effects are merely artifacts of 
test practice (cf. Ammons & Irion, 1954; Buxton, 
1943). The issue, therefore, is of considerable im- 
. portance to the hypermnesic effect of Erdelyi and 
Becker (1974), which shares an essentially common 
` paradigm with the original reminiscence experiments 
of Ballard (1913), despite important differences in 

details such as stimulus materials, type of Ss, and 
range of time intervals, 

Because of terminological controversies (cf. 
Buxton, 1943), it is not altogether clear to what 


1930s, however, several influential investi; 
0 n ator 
strained Ballard’s definition by insisting nor 


ceptual than a methodological issue since B. 

i all; 
had actually conceived of internal review a 
HERI GG e 
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(e.g., 


as a determinant, though a weak one acc 
his studies, of reminiscence. In order to cir 
unresolvable definitional questions we hav 
to adopt the more generic term hypermnesio 
research (see, for example, Rapaport, 1971 
defer judgment on its semantic link to remiu: 


ig to 
vent-3 
nosen 

our 
d to 2 
ence, 


Method. Four independent groups of ^. were 
tested in a 2 X 2 design featuring two stimui. : con- © 
ditions (pictures or words) and two interva. ondi- 
tions (3 or 5 min. between stimulus presentat and 


recall). 
Sixty-three male and female students 6 -n am 


undergraduate course at Douglass. College rtici- 
pated in the study. There were 15 Ss in b f the 
word groups, and 18 and 15 Ss, respective! in the 


3- and 5-min. picture groups. 

The picture stimuli consisted of individ 
of each of 60 simply sketched discrete objec 
fish, key, table, football, etc.). The w 
consisted of the names of each of the 60 picti 


slides 
pipe, 
4 list 
items, 


typed in capital letters. The picture or we... slides 
were serially presented in the same preset andom 
order by means of a Kodak 850H slide projector for 


5 sec. per item. 

The Ss were tested in batches of three t: six Ss. 
Three such batches were assigned to each of ! be four 
groups in a two-step randomization proced (a) 
Each batch of Ss was assigned to one of ihe two 
stimulus conditions on an alternating basis (picture, 
word, picture, word, etc.) ; a coin toss determined the 
initial assignment. (b) Batches were : gned to 
their respective interval condition (3 or 5 min.) only 
after the presentation of the stimuli and the ad- 
ministration of recall instructions (see below); the 
interval assignment was based on a random draw 
from an initial set of 12 intervals (6 of each of the 2 
intervals used). 

At the beginning of the experiment, Ss were told 
that they would see a long sequence of items and 
should study each of them carefully because later 
they would be asked to recall as many of them as 
possible, The stimuli were presented immediately 
after these instructions. 

In order to eliminate recency effects, instructions. 
regarding recall procedures were read following: the : 
presentation of the stimuli. After the distribution 
of individual recall protocols containing 40 blank 
spaces, Ss were told that when E signaled them to 


begin, they would have 7 min. to complete their 


i 


forced recall procedure was used to 
ssible report criterion differences be- 


| recall. 
eliminat: 


tween S- (Erdelyi & Becker, 1974). The Ss were 
instructe : to produce a specified number of non- 
repeatin; “esponses—40 items—within the allotted 
Tamin. il period, guessing if necessary. The 
‘size of t > response set was the same as that used 
by Erde’ ` and Becker, who found that Ss could 
‘correctly call about 25 to 30 items on the average 
if tested «mediately after the input. A response 
set of hus virtually guaranteed a substantial 
guessing ate for immediately tested Ss, while 
leaving n for improvement in recall of Ss tested 
at a lat ime, To eliminate any effects due to 
" drawin: is or speed, Ss in the picture groups were 
"instruct rite out rather than draw the names 
of the | re items they remembered. Thus, while 
some gi viewed words and others viewed pic- 
tures, a! ups recalled words. 

+ Follo the recall instructions, Ss were in- 
| formed before they began their recall attempt 
they w be given a period of time to think over 
the stin ind they were to start recalling in their 
minds a ay of the list items as possible. Assign- 
ment tc of the two postinput intervals (4 or 5 
min.) oc red at this time through the random- 
draw pro dure described earlier. The E did not 
know u this point to which time interval any 
particul itch of Ss would be assigned. At the 
end of t »ecific time interval, all Ss were told to 
begin t written recall. During this 7-min. 
period, üfth and sixth minutes were announced, 
and Ss v reminded to fill in all 40 spaces of their 
recall p: ols with nonrepeating responses, gues- 
‘sing if ssary. A grace period of 1 min. was 
given to .ny S who had not completed all 40 re- 
‘sponses «(hin the 7 min. Any S not done after 
this poir s discarded. 

Resulis ind discussion. The average number of 
litems coc tly recalled by Ss in each of the four 
groups is presented in Table 1. 

Picture recall increased with time, being greater 


after an inierval of 5 min. than $ min., £ (31) = 1.96, 
$ <.05. Word recall, on the other hand, remained 
Toughly stable, tending, though not significantly, to 
decrease with time, t (28) = .80, p > -10. i 

T The results of this study, therefore, replicate the 
findings of Erdelyi and Becker (1974): Picture but 
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TABLE 1 
AVERAGE NUMBER OF CORRECTLY RECALLED ITEMS 


Interval 
Stimuli 
3 min. 5 min. 
Pictures 29.61 33.06 
Words 24,33 22.78 


not word recall goes up with time. "The possible 
dependence of the effect on multiple-test trials has 
been directly disconfirmed; picture hypermnesia 
occurs in a single-test design. 

While it is still not clear whether this phe- 
nomenon should be conceived of as a reminiscence 
effect, the present results may have some bearing 
on what Buxton (1943) described as the ‘now-you- 
see-it-now-you-don't character of reminiscence.’’ 
Buxton's inconclusive attempt to pinpoint the 
critical variable responsible for reliable reminiscence 
effects (e.g., age, sex, intelligence, type of learning 
technique, the intermaterial interference of the type 
of subject matter, degree of mastery before rest, 
type of practice, length of rest interval, serial 
position, rate of exposure of items, the amount of 
material to be learned, etc.) may well have missed 
the crucial factor—the pictorial or imaginal nature 
of the input (cf. Erdelyi & Becker, 1974). If so, it 
may not be surprising that the imagery-laden 
poetry used by Ballard (1913) with children was 
bound to produce robust reminiscence effects absent 
or barely evident in the mass of subsequent studies 
which, with a few exceptions, opted for the use of 
more controllable but low-imagery nonsense syl- 
lables with adults. 
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CONJUNCTIVE CONCEPT LEARNING AS AFFECTED BY PRIOR RELEVAN 
INFORMATION AND OTHER INFORMATIONAL VARIABLES : 


LANCE A. MILLER? 
Computer Sciences Department, IBM Thomas J. Watson Research Center 


Concept-learning performance was investigated in a conjunctive concept selec- 
tion paradigm task. Manipulation of prior relevance information led to super- 


rior performance in the relevance-certainty vs. relevance-uncertainty condi- 
tion. In addition, the experimental trials to solution were predicted with some 
accuracy from earlier theoretical work that related this prior relevance variable 


and the problem variables of number of stimulus and relevant dimensions to 
expected solution trial, assuming an optimal problem solver. 


Concomitant 


manipulation of two-dimensional value variables (number and kind) resulted 
in the predicted absence of reliable performance effects. 


Previous theoretical work (Miller, 1971) provides 
the basis for making a number of predictions con- 
cerning the effects of information variables on per- 
formance in a conjunctive concept-learning situation 
involving the selection paradigm. In particular, the 
variable of prior relevance information (informing 
‘or not informing Ss of the number of relevant di- 
mensions in the rule to be learned) is predicted to be 
a powerful performance variable, with the condition 
of relevance certainty leading to superior perform- 
ance in all situations, This qualitative prediction 
was upheld in a previous unpublished study (Miller, 
1969). The objective of the present study was to 
replicate this qualitative prediction in the context 
of other variations as well as to assess new quanti- 
tative predictions for these conditions based on the 
theoretical work. 

Four other variables were manipulated, both to 
verify theoretical predictions and also to provide 
an opportunity for detecting interaction effects 
with the variable of prior relevance information (in- 

T teractions were predicted only for the two problem 
variables), The number of stimulus values per 
dimension, While drastically influencing the number 
of stimuli, theoretically should not influence solution 
performance when an initial positive stimulus is 
presented. 


RENAE SET A, 
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Finally, the kind of stimulus value—\ 
digits—was manipulated under the hypothe i- (from 
all theoretical positions!) that no differen hould | 
be found for such highly discriminable w: "arned.? 
stimulus sets (the author wished to verify inis pres 
diction preparatory to future work involv letter - 
stimuli). . 

Method. The Ss were 24 undergraduate -'ndents 
from local Westchester Count New Yor lleges 
who were paid for their participation. 

A mixed design was used with three .5 signed — 
to each of the eight independent task litions, 
generated by the 2 X 2 X 2 fractorial co: vations 
of levels of prior relevance information evance 
certainty vs. relevance uncertainty), no -ber of d 


values per dimension (2 vs. 10), and kind c dimen- 
sional value (letters vs. digits). All Ss «-ived 25 
problems, each problem being a unique -ombinaz 
tion of the number of stimulus dimension: » (from 
4 to 8) and the number of relevant dir--»sions 7 
(from 1 to n — 1 for each n; thus, overall, » ranged 
from 1 to 7). The same problem order was, as a 


result of a Programming problem, inadvertantly 
employed for all but the first 5.3 

A fast response terminal based tim sharing 
computer system (IBM 2741 Selectric terminal and 
IBM 360/91 computer) was used to control all 
aspects of the experiment, including stimulus dis- 
play, response inputs, information feedback, problem ^ 
sequencing, and data reduction. The control pro- 
grams were written in the APL programming 
language (cf. Pakin, 1967). J 

Stimuli were strings of typewriter characters in 
which each character position served to define an 
independent stimulus dimension, Values of dimen- 
sion v were letters (A and B for v = 2, and A 
through J for v = 10) and digits (0 and J for v = 2, 
and 0 through 9 for y = 10). 
RENS LIU oy Se 


3 The explanation of this error is, eventually, quite undef- 
Standable given a computer neonate such as the author, ant 
involves phenomena associated with the "'pseudoness'' of com- 
puter random-number generators. In any event, the problem 
peauence used for 24 Ss is given below, using a two-digit code 
in which the first digit indicates the total number of stimulus 
dimensions and the second indicates the number of relevan 
dimensions in the concept problem: 61, 73, 42, 62, 72, 53, tr: 
81. 71, 86, 43, 87, 82, 76, 74, 85, 52, 84, 41, 65, 75, 83, 51, 63, 55 

he second through the seventh problems are among the most — 
amar in terms of the expected trial of solution, for relevance. 
y) 


Im 
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»erformed in the experiment for 3-5 
iys with 2-4 hr. per session until the 
tal problems were completed. In the 
's listened to a 20-min. tape of recorded 
ind performed tasks on the terminal 
amiliarize them with the nature of con- 
cepts, the stimuli, and the procedures 
nent. Following these instructions, Ss 
one or two three-dimensional practice 
ler E's supervision to insure that all 

f of the task were understood and 

om this point on the experiment was 

under the control of the computer 


p 


iem began with a statement as to the 
imulus and relevant dimensions (the 
of r was given for relevance-certainty 
of 1 ton — 1 was given to relevance- 
). The initial positive focus stimulus 
lem was then typed and identified. 
ed subsequent stimuli by typing in an 
ength string of letters or digits; they 
their guess as to the classification of 
timulus. The control program then 
he classification of the stimulus and 
formation concerning whether the pre- 
ation was correct or not, as well as 
ification. 
of task factors were designed to reduce 
ad on Ss, and, in general, to provide as 
ace as possible short of cuing Ss on 
task strategies. All previous work was 
Ss, either by reviewing the computer 
iy entering typewritten codes that re- 
display of previously chosen stimuli (in 
‘ection or organized in terms of positive 
negative stimuli separately). Pro- 
"agnostics were provided for all possible 
errors. (e.g., "Choose another stimulus. 
icked this one already,” or “There are 
or too few dimensional values in your 
There should be exactly six letters in 


lis dimensions, and to insure their familiarity with 
all task procedures. The Ss generated rather than 
Selected stimuli from a display board (which would 
been impossible for v = 10); generation of 
Simuli was expected to be a less difficult and inter- 
ing activity than stimulus selection. The Ss were 
Mone in an 8 X 12 ft. experimental room, unob- 
ĉrved by any means, and were free at their discre- 
0n to take breaks between problems. Finally, Ss 
uld use pencil and paper for any purpose. f 
t AIL of these tasks factors were intended to permit 
est assessment possible of the information- 
Ocessing efficiency of Ss in this situation. In these 
Pects the task conditions are similar to those em- 
loyed by Huttenlocher (1962) and Johnson (1971). 
Results and discussions. All qualitative predic- 
ns were upheld in the overall analysis of variance 
the trials data: There was a significant effect of 
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prior relevance information (p < .05; relevance 
certainty was superior); levels of stimulus and 
relevance dimensionality had significantly reliable 
effects (p < .01) and there was a weak interaction 
of the factor of number of relevant dimensions with 
that of prior relevance information (p < .10); 
finally, there was no effect due to either the number 
or kind of stimulus value (p > .20). These latter 
findings are not easily attributed to statistical in- 
sensitivity: A conservative alternative hypothesis 
was formulated which assumed that there would be 
a difference of two trials between the two conditions 
of each variable; the power of the F test to detect 
such an alternative situation was computed to be 
about .98 at the .05 confidence level (cf. Myers, 
1966). The absence of an effect of number of di- 
mensional values replicates Laughlin's (19732) 
earlier finding. 

Evaluation of the specific qualitative predictions 
concerning performance in the prior relevance in- 
formation conditions as a function of the problem 
parameters is shadowed by the unfortunate fact of a 
common problem order. If anything, however, the 
problem order should have been more debilitating 
than helpful, due to the presence early in the se- 
quence of the more difficult problems (see footnote 
3). Nevertheless, the confounding remains, and 
the reader should interpret the following analyses 
with the caution appropriate to such confounding 
and the concomitant fact of significant problem 
practice effects (p < .001; performance improved). 

In the author's theoretical paper (Miller, 1971) 
optimal information processing efficiency was as- 
sumed in the derivation of equations concerning 
the expected trial of solution. In the case of 
relevance certainty (cf. Equation 20) predicted 
performance is an inverted curvilinear function of r 
with the central maxima increasing as a function of 
n. For relevance uncertainty the predicted perform- 
ance curves (cf. Equation 19) are uniform with 
respect to changes in r, the trial of solution being 
predicted to be equal to n. In all cases, however, 
performance should be superior in the relevance- 
certainty condition. Substitution of the numerical 
values of 7 and r into the prediction equations leads 
to two sets of 25 predicted points. As with Bayesian 
decision-making models (cf. Shelly & Brian, 1964) 
the theoretical optima provide a basis for detecting 
and subsequently characterizing performance devia- 
tions from optimality. In addition, however, the 
predictions can be viewed as deriving from a 
particular theoretical position whose accuracy and 
explanatory utility is tested in the present study 
(cf. Miller, 1971). 

In comparing the obtained results to those pre- 
dicted, performance was found to be impressively 
effcient. In the relevance-uncertainty condition 
a mean of only .72 more trials than optimal were 
required; the average of median problem solution 
data was .32 more trials. In the relevance-certainty 
condition a mean of 1.99 excess trials was required, 
the average of excess of medians over optimal being 
1.09. The present performance is thus somewhat 
better than that found in some previous selection 


1222 : . SHORT REPORTS 


paradigm studies (e.g., Bruner, Goodnow, & Austin, 
1956; Laughlin, 1966) and is considerably better 
than that found in others (e.g., Huttenlocher, 1962). 
Such. “‘existence-proof’’ findings of near-optimality 
should provide a cautionary note against interpreta- 
tions which posit basic or inherent information- 
processing inefficiency or any cognitive disabilities 
per se (e.g., cf. closing comment by Seggie, 1970). 
The accuracy of the theoretical predictions is also 
somewhat impressive, In the relevance-uncertainty 
condition, 5095 of the variance among the 25 
problem means could be accounted for by the pre- 
dictions, and this increased to 85% when the single 
worst problem was dropped (the second problem, 
that of n=7andr=3). In view of the fact that most 
Ss had at least one markedly deviant problem, the 
median triale-to-solution measures are probably 
more appropriate for describing the present findings. 
Using the median trial of solution for all 25 problems, 
65% of the variance among the medians was ac- 
counted for by the predictions, this rising to 93% 
_ when the worst problem was dropped. Similar re- 
sults were found for the condition of relevance 
certainty, with 48% and 58% of the variance among 
means being predicted in the 25- and 24-problem 
sets, respectively ; the corresponding findings for the 
medians were 57% and 79%. 
The above high predictability levels most likely 
would have been even higher if, as intended, Ss had 
received different problem orders. In any event, the 


present level of prediction is not surp 
other quantitative competitor known 
(Laughlin, 1973b, is probably the clos: 
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